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ABSTRACT
Navigating Fragmented Ocean Law in the Californiarént:

Tools to Identify and Measure Gaps and Overlap&tmsystem-Based
Management

by

Julia Anne Ekstrom

Fragmented ocean management contributes signiffcemthe declining health of
the world’s oceans. The sector-based piecemealoapiprto management has
produced a governance system filled with gaps amtlaps. These inefficiencies
impede effective mitigation and confrontation of jaraenvironmental stressors.
Historically, industries such as mining, fishingnda shipping, have driven
management decisions for ocean-related uses. Queetragencies, scientists, and
other natural resource stakeholders are moving rtbv@amanagement approach
based on the relevant ecosystem, in order to regmeblematic fragmentation in
ocean management. Transitioning into an ecosystsaebmanagement approach
requires comprehensive and systematic evaluationhef problems created by
fragmented decision-making and of the landscagheoturrent governance system.
In an effort to contribute to the shift toward egstem-based management efforts,
this dissertation explores and develops text mirtghniques that identify and
evaluate gaps and overlaps. Two institutional tiesoframe the development of
gaps and overlaps analyses: the problem of fit amslitutional interplay,
respectively. The gaps analysis uses conceptualysimm models and term counts

from laws to identify situations in which managerndnils to acknowledge

Xiii



ecosystem relationships. From the gaps analyss,nt@asures indicate the degree
to which governance (referring to the whole crosst@ral system of law) reflects
the relationships and functionality of the ecosysteaims to manage. The overlaps
analysis uses term counts of laws combined witm@gauthority data to provide
information about potential hubs of regulatory wtyi for a given topic (Overlap
Index), and the degree of agency involvement iaréiqular topic. To develop such
techniques, the project first compiled a compreivenset of state and federal
statutes and regulations to represent ocean arstiato@anagement in the California
Current Large Marine Ecosystem. This dissertatitso dighlights the utility of
analyses in the context of a real world environraeptoblem by presenting a case
study applying the analyses to ocean acidificatind its projected impacts on the
California Channel Islands waters. Overall, thissdrtation demonstrates the
immense application potential of computer scierc@rbvide baseline data about
fragmented ocean management. This dissertation shbat text mining can
provide a quantitatively and systematically geremtastarting point for further

investigation and identifying research priorities.
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Chapter 1 Introduction

RESEARCH PROBLEM

Fragmented ocean management

Fragmented management contributes significantiyhéodeclining health of
the world’s oceans (Crowder et al. 2006). The Uhittates has traditionally
divided management of the marine environment imigividual sectors, such as
transportation, mining, and fishing (USCOP 2004ov&nment bodies have
typically written laws to address symptoms of pesbé on a case-by-case basis,
which has resulted in a piecemeal approach to nesmegt (Knecht et al. 1988,
Miles 1989, Agardy 1997, NRC 2001). This approaafctioned reasonably well at
the levels of human use of the oceans prior totélsbnological advances of the
1970s and 1980s that led to skyrocketing rates arfma resource exploitation and
extraction (Weber 2002). Increased coastal pomuraticombined with improved
technology lie behind the dramatic rise in impawmtsthe marine environment seen
over the last two decades (USCOP 2004, Kildow aoig#h 2005). Forced to apply
to oceans facing increased stressors and useigitengeal approach to management
has led to a fragmented system of ocean-relatedrgaxice (Sutinen et al. 2000).

A wide range of problems can derive from fragmdnteanagement (Pew
Oceans Commission 2003, USCOP 2004, Crowder eR@06). Sector-based

decision-making commonly results in two problemasisues of an institutional



nature: gaps and overlaps. Effective managemengssitates that institutiohs
match the functionality and nature of the relevaridsystem (Young 2002, Wilson
2006, Folke et al. 2007%apsarise when management (or governance as a whole)
does not reflect the key properties and interastiohan ecosystem. This project
aims to identify where gaps occur because no lawmamnagement action exists to
address linkages critical for maintaining ecosystemarvice$ (Millennium
Ecosystem Assessment 2005). For example, orcder(kihales) resident in Puget
Sound feed primarily on salmon. Consequently, exstesy research shows that in
order to maintain the orca population and ecosystesilience, management
decisions regarding an activity that degrades salpapulations in the area should
reflect (or at least acknowledge) this key whalieasa interaction (Ford and Ellis
2006). If there is no law or regulatory procesgha region’s governance system

that acknowledges the linkage between the spabiesbsence constitutegap.

Definition of institution used here and throughout the dissertation: “ralesters of rights,
and decision-making procedures” that guide hum&awer. As suchenvironmental
institutionrefers to a management system that guides humaandsesponds to abuse of
the environmentEnvironment regimeon the other hand, refers to an institution or$e
institutions that has a particular environmenttedascope, such as fisheries management,
minerals management, water quality control, etoup 1999)Governances used in this
dissertation to refer to management in generaledsathe system of interdependent
(though fragmented) institutions that exist for thanagement of coasts and oceans.

2 Defined by the Millennium Ecosystem Assessmen®$20°Ecosystem services are the
benefits people obtain from ecosystems. Thesedeghmovisioning services such as food
and water; regulating services such as flood aseladie control; cultural services such as
spiritual, recreational, and cultural benefits; an@porting services, such as nutrient
cycling, that maintain the conditions for life oarth. . . Biodiversity is the source of many
ecosystem goods, such as food and genetic resparaéshanges in biodiversity can
influence the supply of ecosystem services”
(http://www.millenniumassessment.org/documents/duemnt.300.aspx.pdf).
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The second institutional problem frequently ocewr as result of
fragmentation ioverlap Overlap arises when multiple agencies have jigtisch
over the same resource and/or activity. Overlaps aktcur when agencies have
jurisdiction over incompatible activities. Both g of overlap can benefit agencies
or multiple sectors when they coordinate and/ormtiey follow similar mandates.
Without coordination or alignment, when an agencgkes a decision for one
sector, it can result in unintended negative comseces for other sectors (Sutinen
et al. 2000, Young 2002). For instance, permittsggymon aquaculture without
appropriate management can lead to the spreadsefsk and weakening of the
genetic stock of near-by wild salmon populationsppardizing the region’s
commercial and recreational fisheries - sectorsaged by other agencies (Naylor
et al. 2000).

Transition to holistic management

An excellent opportunity now exists to addressl @aesolve or mitigate
problematic gaps and overlaps. Resolution of réguta mismatches would
naturally produce more holistic management — gavara of all components as
united rather than independent aspects of the smsiem. Government agency
representatives, scientists, and other naturalirescstakeholders are pushing for a
paradigm shift in ocean management from the hisatlyi fragmented approach to
one that reflects and considers the ecosystem (WSZID4, Watkins 2007). Such
an approach, inherently holistic, has gained supper shifting baselines for

calculating the status of populations and ecoldgecenmunities have increased



scientific understanding of the depth of crisistite oceans. Resulting scientific
reports about the loss of predator fish, and tbeeasing frequency and size of dead
zones have heightened public concern and awardhadsvig et al. 1993, Pauly
1995, Steele 1998, Myers and Worm 2003). Findingstlte state of marine
ecosystems inspired the formation of two commisstonreview ocean policy in the
United States. Results of the commissions (Pew @c€ammission 2003, USCOP
2004) were surprisingly similar: both called for antegrated placed-based
ecosystem approach to management. Implementingasuelpproach would require
management agencies to consider the short and téomg-effects of human
activities on the whole marine system where congaat management has focused
only on individual populations or species (McLedadat 2005). Riding on the
coattails of land use management advances reareeral decades ago (Leopold
1949, Van Dyke 1969) and applied throughout the pal century, the time has
come for ocean governance to transition from tlogosend single-species approach
to an ecosystem based direction (Pew Oceans Coromia303, USCOP 2004).
Trailing behind governance in a handful of coastates and nations, the
U.S. Congress has begun in recent years to shoeeoorfor ocean health and
climate change impacts. The emerging impacts ofatk change and other severe
multi-scale environmental problems will be espdgidifficult to mitigate and adapt
to within the existing fragmented and uncoordinagedernance (Watkins 2007).
To effectively mitigate and overcome global envirental problems, governance

related to natural resources and industry needsetmme more coordinated and



integrated (Knecht et al. 1988, Golley 1996, Yo@@§2). Realizing the goal of a
coordinated system of ocean management requirdgsanaf gaps and overlaps
beyond partial or single case and single sectogndisis and assessment. Full
analysis entails quantitative, objective, and cahpnsive evaluation of existing
governance (as a whole) across sectors and geogbojitrisdictional boundaries.
As gaps and overlaps arise in the legal and remyiatystems governing ocean and
coastal resources, it follows that dedicated amalygs the laws covering different
sectors can help to identify such gaps and overl&bdsce laws represent an
important aspect of formal institutions, legal as& can be used to help identify
and evaluate both the overlaps and the gaps immaranagement (USCOP 2004).
A formal assessment of laws, however, as a steprtbhlistic management, raises
the problem of ensuring the use of quantitativelysm in the evaluation of
governance. This project provides a quantitative to map gaps and overlaps, one
that could augment full legal analysis.

Ecosystem-based management (EBM)

Recognizing the strongly negative effect of fragwed management on
ocean and coastal health, the United States anddéean commissions, among
others, called for the implementation of ecosysbarsed management (EBM). A
large group of scientists has conceptually defiaBi/ as:

“... an integrated approach to management that caarsidhe entire ecosystem,
including humans. The goal of ecosystem-based neamaxgt is to maintain an
ecosystem in a healthy, productive and resiliemddoon so that it can provide the
services humans want and need. Ecosystem-basedjemeat differs from current

approaches that usually focus on a single spedestor, activity or concern; it
considers the cumulative impacts of different gsctgMcLeod et al. 2005)



According to the Millennium Ecosystem Assessmel®0B), “An ecosystem is a
dynamic complex of plant, animal, and microorganisemmunities and the
nonliving environment, interacting as a functionalt. Humans are an integral part
of ecosystems,” (Millennium Ecosystem Assessmefb6R0Therefore, the linkages
among humans (in terms of activities, uses, andacaty), other species, and
biophysical processes inherently constitute anystes.

Government agency representatives, non-govermahneptrganizations
(NGOs) and other stakeholders also articulate #edrfor the ecosystem-based
management approach, but sometimes in differemtsteFor example, the National
Oceanographic and Atmospheric Administration (NOAAggards it as the
“ecosystem approach to management,” or “EAM” ando%/stem management”
(Barnes and McFadden 2008).

The necessity of holistic management conductédarcontext of an
ecosystem is not a new concept (see (Leopold N9 Dyke 1969, Christensen
and et al. 1996, Slocombe 1998). Land use managerterrestrial ecologists have
advocated the approach for over 50 years. Dedmtelear need for marine EBM,
marine management still occurs within sectors (P@&ans Commission 2003,
USCOP 2004). Implementation of EBM requires thegnation of existing
decision-making systems so that ocean-relateditieivan be managed under an
overarching holistic goal to consider the entiresgstem rather than the individual

sector (McLeod et al. 2005). Easier to discuss eptually than to operationalize,



integration presents a major obstacle to implemgrfiBM (Slocombe 1993, Juda

2003Db).

The transition to EBM cannot occur without greathproved knowledge of
the extant institutions involved in governance (émal and Hennessey 1996,
Cortner et al. 1998, Sutinen et al. 2000, JudaHerhessey 2001, Rosenberg and
McLeod 2005). Knowledge of the linkages among tastns is as fundamental to
EBM as understanding the relationships among ea@dbgomponents, such as
those among species, their habitats, and streéSatsen et al. 2000, Olsen et al.
2006). A Dbetter understanding of the type and degoé interplay among
management systems can help set priorities for EBdgrams in filling gaps and
preventing unhelpful overlaps in coordination. Utfoately, the institutional
component has received much less attention tharhaoran ecosystem aspects in
scientific research and management (Cortner e1988), most likely due to the
relatively recent incorporation of human dimensianshe environmental sciences
(Cordell and Bergstrom 1999).

Interest in EBM is rapidly growing among marine ragers, NGOs, and
academics along the west coast of the United Stalesprograms emerging in this
region could benefit from a rigorous coastal andancdataset to facilitate analysis
of the nature and extent of management fragmentaiBM initiatives specifically
need baseline data about gaps and overlaps in dalecoordinate marine
management decisions strategically among sectots government agencies

(Imperial 1996, McLeod 2005, Slocombe 1993, Undet880).



In the task of restructuring the existing fragmenteanagement system
towards an ecosystem-based approach (Grumbine ,1884Yollowing questions
arise:

» What are the overlapping jurisdictions?

* What are the gaps in management?

* Which of the gaps and overlaps should take pyi®rit
Answering these questions naturally entails askisg: Across which agencies? At
what level of jurisdiction? Concerning what objsgtf regulation?

Thus far, these questions have only been answeesttlatally. To progress
the discussion and the field of EBM, this projeetvelops tools to identify and
measure types of management fragmentation for regsie evaluation. Answering
the above questions quantitatively and systemétigaduld provide data for use in
order to: 1. establish a baseline for monitoringriovements over time; 2. measure
the impact of fragmentation on ecosystem healtd; &nprioritize problems based
on location, state of resources affected, and ggwdrfragmentation.

Producing such information comprehensively acressoss sets a daunting
task, even if focused only on laws. This projecedugpproximately 60 federal
statutes (nearly 4000 sections of law) to represeean management across sectors.
The compilation as combined with ocean and coastated statutes and regulations
from three states totals 75,286 documents (indha Df legal sections). Analysis of
such a large dataset is greatly facilitated by tdigiion and sophisticated

information retrieval techniques developed by cotapscientists. Such techniques



include mining of structured and unstructured datlata mining and text mining
respectively (Feldman and Sanger 2007). This prageplored a range of such
techniques applied in order to identify and measygaps and overlaps in ocean
management. Prior to this research project, no ogstrexisted to systematically
generate such quantitative information. This disgen sets out the development of
a text mining tool that provides baseline data is@pplication in the mapping of

fragmentation in governance.

RESEARCH FOCI AND HYPOTHESIS

This dissertation describes the development ofoal that facilitates
guantitative analysis and the generation of basefiata useful for understanding
problems of fragmented ocean management. The propantral hypothesis holds
that quantitative information useful in determinithg existence, extent, and type of
gaps and overlaps in ocean management can be dléane text analysis of laws
and regulations. As such, the main product of thésis constitutes the analytical
methods to identify and measure gaps and overlapisilouting to the larger effort
to integrate necessary social science into ecasyBtsed management.

This dissertation focuses ogaps and overlaps as two problems that
frequently appear in ocean management (Young 200&yder et al. 2006). Gaps
and overlaps receive separate analysis, employagpectively, the institutional
theories of the problem of fit between institutiomsd ecosystems (Costanza and
Folke 1996, Young 2002, Wilson 2006, Folke et @02 and the theory of

institutional interplay (Young 2002).



Gaps and the problem of fit

Background
The problem of fit centers on the idea that manegd systems need to

reflect the structure, properties, and processéiseoécosystem within their scope in
order to achieve sustainable use of related ressurRecognition of the importance
of fit goes back to Garrett Hardin’s 1968cience article, “Tragedy of the
Commons.” Hardin articulated the perspective of yngavernments and scholars
before him. He saw the lack of top-down control@mment regulation) or of
private property as the causes of over-exploitabypmsers of the very resources on
which they depended (Hardin 1968). Publication afdih’s paper triggered a surge
of research in anthropology, political science, idogy, and human ecology
contesting Hardin’s assertion that sustainability r@atural resource systems
necessitates formal top-down regulation or priwaion. The tremendous efforts to
examine the commons, which continue today, showed in the absence (or
distance) of top-down regulation on the one hangrivatized rights on the other,
people who share the use of a “commons” or joihdid resources may design and
enforce their own sets of rules, rights, and denisnaking procedures (institutions)
for management of the resources involved. The sehaf commons research soon
turned to investigate: ‘Why are some communitiele ab develop institutions for
sustainable management of their commonly held ressuand others are not?’
(McCay and Jentoft 1998).

Investigation reveals no cookie cutter design; rstitution that performs

well in one place does not necessarily transfet teehnother (Young et al. 2007).
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Patterns of success and failure, however, have hdentified across cases
worldwide, leading to a set of institutional desigmnciples for common property
management (Ostrom 1990). This set of principtedudes the importance of
congruency between institutions and the common. jdw idea of congruency has
become the problem of fit (Wilson 2006), where tlatter focuses on the
mismatches between a relevant ecosystem and maaagefnt. The problem of fit
is now an internationally recognized topic of imgamice in natural resource
management (Folke et al. 2007).

There are several ways in which an institution noymay not fit an
ecosystem. Institutions often fail to encompasstiapar temporal scales or
functional ecosystem processes (Ostrom 1990, Y@D0Q, Wilson 2006). Spatial
mismatches occur, for example, when the migratayps of a species spans
political borders. Such difference in scale presety effective control over human
behavior outside the institutional jurisdiction esé there is substantial effort to
coordinate the authoritative entities (Wilson 2006¢mporal mismatches appear
typically through disconnection in time scales bs#w ecosystem functionality and
voting cycles and other decision-making procedtin@$ drive political processes.
Impacts on marine systems can occur faster or slthea rigid institutional time
scales, leading to a lack of policy response tpadanagement adequately and
effectively (Crowder et al. 2006).

A third aspect of the problem of fit less documenie literature concerns

the failure of governance (or some institution witit) to relate adequately to the
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functionality and nature of the ecosystem in whicis embedded (Costanza and
Folke 1996, Young 2002, Folke et al. 2007). Sitwaiin which governance as a
whole does not take into account the key propednesinteractions of an ecosystem
are regarded agaps in this dissertation. While land management soméwha
implements this concept of fit, major mismatchesmMeen the management and
ecosystems exist for the ocean environment (Foardr Treml 2001, Young 2002,
Wilson 2006).
Ecosystem in natural sciences

Since the mid-1900s, natural scientists concernddn@source management
have conducted a parallel dialogue over similauass Tansley coined the
‘ecosystem’ concept in 1935, which caught on as firmus of the ecology
discipline. Rather than focus on species in isotatf one another or in isolation of
biophysical factors (e.g. climate, relief, pareraitenial, time), ecology adopted a
systems approach to explore relationships amonmggli@nd non-living components
(Golley 1996). In 1962, Rachel Carsor8dent Springdocumented how human
actions could destroy the environment on which epethd. Focused on agriculture
and pesticide application, her work demonstrates tiee vulnerability of species
(including humans) can increase when people do ambtas a subset within
ecosystem functions and structures. The growindipuwwareness of the 1960s
gave ecologists strength in their conviction of theed to improve our
understanding of the structure, function, and dyioarof the natural world, using

ecosystems as the fundamental building block.
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In 1969, a group of ecologists published the b&gksystem Concepts in
Natural Resource Managementhose message bears striking similarity to tHat o
the commons literature from social science rese@vem Dyke 1969). The book
emphasizes that management needs to consider smosysomponents and
properties. Van Dyke, Arnold Schultz and othersnexed the importance of
managing resources in the context of the ecosystan as scientific understanding
of ecosystems was still in its early days. Furtleemn the authors defined an
ecosystem to include humans as a significant coemtorDespite recognizing the
importance of humans within ecosystems, discussi@tology often overlooks the
capacity of people to develop institutions appraarito the resource on which they
depend.

Combining disciplines

After decades of separate but similar research dagemithin social and
natural sciences, the two branches reached the samctusion: institutions need to
fit better with the ecosystems in which they arebedded if we are to sustain
natural resources and ultimately ourselves (Cosatamzi Folke 1996, Young 2002,
Wilson 2006, Folke et al. 2007). The branches @iadand natural science have
now begun to join forces to work together to repgbis message, as well as to
continue clarifying what it entails. One large agrdwing community of researchers
from both social and natural sciences investigatkat are referred to asocial-
ecological system¢SES), (see e.g. (Berkes et al. 1998). Many visiesahave

arrived at parallel insights, all of growing sigodnce given the increase in
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environmental problems seen in recent decades. Assalt, the paradigm of
resource management and science has shifted towlgdge that sustainability can
be obtained only through management that acknowkeadgd reflects the relevant
SES (Norton 1992). How to accomplish this has bexdhe major question.
Responses include a wealth of examples, from cornigabased conservation, to
market-based approaches, and top-down governamcerdgress and apply our
understanding of SESs, however, requires objedetification and measurement
of fit between institutions and the ecosystems tmiyress.

This dissertation presents a quantitative techniqatcan be used at any
scale and across any set of political jurisdictimngrder to capture misfits between
institution and ecosystem. The results can hefpripoint priority areas in need of
attention. The data will also advance our undedstanof the degree to which fit
plays a role in institutional performance and dffemess.

Gaps as misfits

As discussed above (Background), several types isfithn principally
functional, spatial, and temporal, can occur betwasstitutions and ecosystems
(Wilson 2006, Folke et al. 2007). Problems of fancstem from imperfect
knowledge, institutional constraints, rent-seekb@avior, or any combination of
the three (Young 2002). No previous method hagexifor identifying mismatches

in any rigorous, quantitative, and cross-sector@y.\W hus, this dissertation project

® Following the literature (Young 2002, Crowder 2906, Wilson 2006, Folke et
al. 2007), this dissertation uses the terminoldgmismatchandmisfit
interchangeably, and thusatchis used interchangeably witi.
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initiated a systematic investigation of mismatctotigh the identification of gaps —
discovering ecosystem properties and critical lgdsa not covered by existing
management institutions in the form of laws andilapns. Because the definition
of an ecosystem is flexible, examining this typefibfbetween governance and
ecosystems allows the incorporation of shiftingueal and improved knowledge
about important components and linkages in theesysHowever, also because the
ecosystem definition is subjective, one has to ndd@sions about scales (such as
tropic levels, scale of management) and societhlegain order to generate an
ecosystem model for the analysis of ecosystem diekan law (and associated
gaps). ldentifying gaps as a functional form of mas$ch can serve as a foundation
for future investigation of the problem of fit patlarly as stemming from
fragmented management.
Overlaps and institutional interplay

Overlapping jurisdictions are the more widely retiagd problem resulting
from fragmented management (Fowler and Treml 2QECOP 2004, Crowder et
al. 2006). Anoverlapoccurs when two or more agencies have the sanséligtron
or influence over the same area, activity, andésource. Agencies involved in an
overlap often do not coordinate or consult one laotadequately to ensure
permitted activities are compatible with one anathEhe resulting institutional
interplay can sometimes prove beneficial rathen ghi@blematic (Young 2002). As
a result of sector-based management, however,isiailemade by one agency often

results in unintended negative consequences fer séctors. Negative interplay of
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this kind results from redundancy, conflicting mates$, inconsistent regulations,
and other actions causing inefficiencies and prewgneffective management.
Cases of institutional interplay can present majmstacles to the implementation of
ecosystem-based management (Crowder et al. 2006).

Institutional interplay until now has been idetif only on a case-by-case
basis and investigated only in a qualitative, oftescriptive manner (Ebbin 2002,
Young 2002, Oberthur and Gehring 2006). While faiide case studies are
important and necessary to understand situationsrodighly, quantitative
assessment of institutional dimensions could fatdievaluations across sectors and
beyond the knowledge domains of the investigatanthiermore, quantitative
evaluation could support comparison across politigarisdictions in a
comprehensive manner not achievable by qualitatesearch. It will allow
prioritization of cases of interplay for follow-uwith qualitative assessment to
improve the depth of understanding.

How to quantify institutional interplay? For thigsdertation, | developed a
method to identify and map interplay using indicatdhat reveal potential
functional overlap among institutions, thus pingimig where coordination should
occur among the agencies responsible for institatienforcement and compliance.
Accurate information about coordination efforts mainbe gleaned from laws and
regulations. An overlap analysis can, though, idetikely cases of overlap and
institutional interplay, contributing baseline datadicating areas where

coordination needs to occur.
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TEXT ANALYSIS
Text analysis rationale

Recent immense growth of data, including laws eegllations, requires
intelligent techniques to generate usable inforomatiThis has become feasible
thanks to the increasingly routine production dfada digital formats (Moore et al.
1998, Unwin et al. 2006). A growing number of sti&tis turn now to information
retrieval science to solve a wide variety of promde(Jones et al. 2006). Text
analysis has become a valuable tool in many diseiplto quantify relationships
between documents (Krippendorff 2004).

Classic document analysis techniques use variatobnseyword or term
frequency counts for the purposes of text miningg&a-Yates and Ribeiro-Neto
1999). At the core of analyses on a static cabbecbf text is aterm-document
matrix, which organizes terms in a table according toftbguency of occurrence in
each document (Zeimpekis and Gallopoulos 2006).eQyenerated, this type of
matrix can be analyzed, or mined, using various ipudations and statistics,
including term count weightings, latent semantialgsis, vector space modeling,
and various clustering algorithms (Berry 2003).

In exploring these advanced forms of text analgdisaws in the field of
ocean management, | found the most useful mininthods involved raw term
counts. Term counts of basic data allow transpamthods for interpretation by
and presentation to various stakeholders. Docuaeallysis using term counts can

answer questions about fragmented management leeitadsntifies and calculates
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certain types of relationships between the lawgdas any given terms or phrases.
For example, if two terms representative of spemriesn ecosystem co-occur in a
document, this indicates the document potentiatknawledges the ecosystem
linkage. The Engineering Informatics Group at Stashf University conducts
research through the Regnet Project to addresdepnsbcaused by the “complex,
diverse and extensive” amount of US Federal antk $tasiness domain law. Their
project focuses specifically on the effects of femted laws on business
management (Lau et al. 2006). With comparable megaoutcomes, my project
used U.S. Federal and State laws regarding magguaation and management. By
providing an objective map of regulatory gaps antérplay, text analysis can
supplement and help guide comprehensive legal sisadg well as a broader review
of management issues from various agency and etakeholder perspectives. (See
chapters 4, 5, and 6 for text analysis experimesésl! in this project.)
Geographic scope of text

The project explored several text mining methods emsistently gathered
feedback from ocean management experts. To expbmeus methods, | applied
text analysis methods to a compilation of codifg¢atutes and regulations (relating
to ocean and coasts) as the expression of the apewmanagement within the
California Current Large Marine Ecosystem (CCLME).

To improve management of the marine environmentermational
organizations, and national and state governmeang ladopted the large marine

ecosystem (LME) concept. On the magnitude of 20D}36F. LMEs “are regions of
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ocean space encompassing coastal areas from rasénsband estuaries to the
seaward boundaries of continental shelves, enclasddemi-enclosed seas, and the
outer margins of the major current systems,” (Slaer@2005). LMEs spatially cover
the most economically, politically, and ecologigathportant portions of the oceans
worldwide (Wang 2004).

The CCLME consists of one of the most well-docuteédn marine
ecosystems in the world (Lluch-Belda et al. 2003)is makes it a useful test bed
for developing algorithms to measure managemenesygaps and overlaps in
relation to the ecosystems in which the institudiane embedded. Located from the
Washington State-Canada border to just south af,Bag CCLME extends seaward
to approximately 300-600 nautical miles from thatawent. This project could have
been performed using any LME or another type ahdakion. As | have been based
at the University of California, however, the CCLMiade sense as the focus of my
research for ease of access to stakeholders fawietvs and meetings as necessary
for consultation and corroboration. Political juliction over the CCLME area is
held by international policy, the United States &hekico national laws, as well as
State laws of Washington, Oregon and Californiaxigl® marine waters are under
the jurisdiction of the national government, therefno Mexican state laws were

compiled for this project.

* Mexico national laws were part of the compiledadat. However, National
Mexico laws could not be included owing to the tigjic complications they would
introduce.
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While statutes and regulations do not providempmete representation of
ocean and coastal management, they neatly argcumatltiple geopolitical
jurisdictions across all marine relevant sectoGhapters 4, 5, and 6 present

experiments testing the utility of text analysigggmerating relevant data.)

ORGANIZATION OF THESIS

This dissertation develops the central thesistthd analysis can reveal gaps
and overlaps in ocean management in the followrguence: Introduction (this
chapter), Development of Concept to Technique, Nt & Methods, Results

(case study application), and Conclusion.

Development of concept to technique

Chapter 2
Chapter 2 presents the conceptual developmetiteofhesis. This research

project involved a complex research problem thaquired multiple exploratory and
ground-truthing stages. To adequately define tlodlpm so that | could develop a
useful solution for policy-makers, | followed aenative methodology (Figure 1.1).
| revisited and improved multiple times on the daling main components of the
project:

» Define problem

» Determine utility of information retrieval (IR) ajpd to the problem

e Structure the data appropriately for IR

» Design application
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» Test analysis

» Test presentation

Test /_\I
; Integrate feedback
Adjust problem
z\ definition <~
Design A
analyses N times
Input

Redesign
analyses

Data
structure

Define
problem

Results

Literature

Figure 1.1. Methodology followed from concept to tehnique development. (IR
= Information Retrieval)

| interviewed and met with a variety of stakelakithroughout all stages of
the dissertation project. These included academdcgmvernment agency scientists
(in the fields of ecology, oceanography, networklgsis, anthropology, economics,
political science, and law), resource managersegouent administrators, and non-
governmental organization representatives (e.g. €885, Marine Conservation
Biology Institute (MCBI), The Nature ConservancyNC), Point Reyes Bird
Observatory (PRBO), and San Luis Obispo Science Bodsystem Alliance

(SLOSEA)).
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Materials & methods
The Materials & Methods chapters make up the ntgjof this dissertation,

consisting of four chapters: dataset, gaps analgs$ two papers about the overlaps
analysis. Although slightly adjusted for the fortimag and flow of the dissertation,
each chapter exists as a stand-alone article. rdsudt, each chapter contains some
repetitive background and descriptive information.
Chapter 3: Dataset

Chapter 3 provides a detailed account of the dat#srst, | selected and
compiled laws and regulations. For the gaps amalysihen cleaned, divided, re-
cleaned, and finally parsed the documents to corthem into a term-document
matrix as a standard and very useful format fot &malysis. This chapter reports
summary statistics about the term-document maax lastly, discusses potential
uses for the dataset.
Chapter 4: Gaps concept and technique

Chapter 4 presents the technique developed tdifigleimd measure gaps in
ocean management. This technique combines ecosystelogy with information
retrieval science and social network analysis. Tewdputs resulted from the
analysis: 1. specific gaps; and 2. two metricgtierdegree of fit between a modeled
ecosystem and laws. One metric evaluates the atioel between networks
(ecosystem and laws) using the quadratic assignmpeatedure (Mantel Test),
while the other measurement evaluates the ratgap$ to ecosystem linkages. The

gaps analysis focuses primarily on the notion aicfional fit rather than the
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temporal and spatial types. The first metric repnés only the first step of many to
guantitatively and comprehensively answer questawit the problem of fit across
sectors and political jurisdictions.

| used a generic estuarine ecosystem, composeg@eaies, habitats, and
stressors commonly found in the Northern Califori@arrent Large Marine
Ecosystem, to demonstrate the gap analysis technidie methodology presented,
with its capacity to identify and measure legal gap specific locations, provides
decision-makers with a tool to tackle fragmentatia® a major obstacle to
ecosystem-based management.
Chapter 5: Overlaps concept and technique (techpica

The first overlaps paper presents technical @Betbout generating useful
information about overlaps as written for the DaitGovernment Research
Conference in 2008. | developed a metric of ovellagicating the degree of
“‘complexity,” which essentially locates relativedsuof legal and agency activity
through a calculation of the number of laws andhages involved in a given topic.
A selection of 46 topics relevant to ocean manageérspanning across sectors
demonstrates this preliminary overlaps index. Oeés#h topics, those most
fragmented are related to marine transportatiorichwhorresponds to findings of
expert legal research (US Commission on Ocean Y&®eport, USCOP 2004).
Perhaps more important in this exploration, | fodimat information about overlaps
is most useful to decision-makers and other stdkeh® in the format of diagrams

rather than numerically in tables.
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Chapter 6: Overlaps concept and technique (broadience)
Second, citing the work detailed in Chapter 5agthr 6 introduces the

concept of text analysis of laws to find overlapsd ahe need for baseline
guantitative data about overlapping jurisdiction&itten for a diverse audience in
the form of a short paper articulates what can Garhot be answered through text
analysis in regard to management issues. The gapahnasizes the utility of agency
authority network diagrams, and also briefly ddsesi an experiment testing the
basic function of term and phrase counts to reptetes involvement of a law in

any given issue.

Case study -- Application of tools to ocean acidifation

CHAPTER 7: Evaluation of management related to ncaeidification (Channel
Islands, CA)

| applied the gaps and overlaps analyses as st the previous chapter to
management related to ocean acidification for thelfcase study of this
dissertation. The chapter includes an overarchitrgduction followed by two main
sections. Part A presents the gaps analysis aarpmets the major findings. Part B
shows the overlaps analysis used to generate basaita about complexity of
issues and agency involvement related to oceaifiaattbn.
Part A: Gaps in ocean law related to ocean acidifion

Part A demonstrates the potential of the gapl/sisdor policy making and
ocean management. In collaboration with the Envitental Defense Center, | am
assisting in a report to the Channel Islands Natidiarine Sanctuary Advisory

Council about the emerging threat of ocean aciiibnn on the area. Since this
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report must include the description of existing gmance for the issue, it provided
an opportunity for an application-oriented expemie& run analyses and gather
user feedback. This chapter presents and interphmetanalysis, the summary of
which | will present to various stakeholder groygsvironmental Defense Center,
Conservation Working Group, fishermen, and SangtuAdvisory Council)
Summer 2008.
Part B: Filling the gaps using overlap analyses

Part B of this chapter presents an applicatiorihef overlaps analysis to
reveal how the gaps in management related to am&dification can be filled using
the extant network of jurisdictional agencies.
Conclusion Chapter

The concluding chapter of the dissertation includesliscussion of the
dissertation’s main findings, the relevance of éhisdings to the policy community

and academia, and future directions of work thathgrown out of the project.
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Chapter 2 From Concept to Technique

INTRODUCTION

This chapter describes the progression from thaginal proposed
dissertation concept to the execution of analyttezhniques and discussion of
applications developed for the dissertation. Tleselitation topic is unconventional
in its focus on a complex research problem reqgimnultiple exploratory and
verification stages. | followed an iterative progdsr two reasons: to accurately
define the problem and, within a theoretical fraraguyto develop a set of tools for
policy-makers (Figure 2.1). | revisited and imprdvelultiple times upon the

following main components of the project:

» Define problem

» Determine utility of information retrieval (IR) ajpd to the problem
» Structure the data appropriately for IR

* Design application

* Test and implement analysis

* Test and implement presentation
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Figure 2.1. Methodology followed from concept to tehnique development,
beginning with “Define problem” based on stakeholdeinput and literature, to
“Results,” which are a product of testing, redesigimg analyses, and adjusting
the problem definition. (IR = Information Retrieval)

At each step and iteration of processes, | indeved and met with a variety
of stakeholders. These included academic and gmarhagency scientists (from
the fields of ecology, oceanography, network ang]yanthropology, economics,
and political science), resource managers, andeseptatives of government
administration and non-governmental organizatioAs.timeline (Figure 2.2)
presents the chronology of steps taken. Two importarrent events occurred
during the project development, and are referemcethe left of the timeline. The
meetings and events together greatly influencedotbgect thesis. The box on the

upper right side of the figure gives a summary ofwhthe project concept

transformed.
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CHRONOLOGY OF CONCEPTUAL
DEVELOPMENT

11
E Freliminary concept idea introduced
- marine reserve overlap along west coast

T8
11012004 -— 4
114182004 ——— 1 A
MLPA Inifiative
1/4/2005 —
A
Development of problem in context of
41412005 — real life - proposal writing, meetings with
committee and government agencies
o 6-7
Ti4/2005 ===q--- NOAA, NEFSC Social Science Branch
9 = (presentation and feedback)
Advanced
10/4/2005 7-1
Define selection criteria for law compilation
1/4/2006
]
41412006 E :_%
4 — T E
West Coast = s
Governor's Agreement 2 E
7142006 |& 3
B
= 9/4/2006
10/4/2006 Began exploring with MATLAB
S e 12/8/2006
1/4/2007 — Initial overlaps idea
T e 2162007
41412007 = Developed gaps idea
N 312812007
Second overlaps idea  ------- R
TI4/2007 —
S 88/2007
Ground-truthing Portland, Seattle 1
10/4/2007 —
= 11/27/2007
Ground-truthing California, Seattle 2
1/4/2008 —
3172008 —

Marine reservas interplay on
west coast

|

Interplay of decision-making
procedures in MPAs

l

Interplay (overaps) in ocean
management in CCLME

l

Fragmentation (gaps and
overlaps) in ocean managemeant
in the context of EBM

5-5
Explored information retrieval methods
- term frequency
- vector space modeling
- clustering (kmeans)

Figure 2.2. Timeline of from the development of thgroject’s conceptual
research problem through development of the method® analyze this problem
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PROBLEM DEFINITION
Original project

My original interest lay in examining marine prdet areas in lesser
developed nations, specifically the impacts of eowation efforts on local
communities and their response to those effort® iAspiration for this line of
research inquiry first sparked as a result of lessa cultural geography from the
late Dr. Bernard Nietschmann. Dr. Nietschmann'seaech explored the
relationship between community participation, ockleof it, and the success of
conservation initiatives in Central America (see\éll 2002)). This led me to
theories of political ecology and the critical tedaships between hard science and
social science playing out in current environmergeédicaments. My project
trajectory moved toward larger scale institutiod@hensions of ocean management
as | gained a perspective on the urgent need foe mmactive and tactical policy-
making methodology in the US. At the Social Scielranch of the Northeast
Fisheries Science Center of NOAA Fisheries in Woéltde, Massachusetts, |
assisted in work to guide fisheries decision-makiyggenerating social science
data. Following this introduction to national et®rto integrate science fields, |
gained experience in text mining as a researclstassifor a digital library project.
A surge of publications on marine EBM, from sciéatiarticles to government
memoranda, and NGO declarations, reignited my estein the subject. | realized
that, although social science findings would béaai in the transition from sector

and species-based management to EBM, they coulbe®me marginalized. This
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led to the idea that the provision of tools to guigrsocial science findings could
confirm their value and facilitate their necessagtusion in EBM.

Although the focus of my project has dramaticathnsformed, | hope still
that it contributes to understanding the human dsmas of environmental
decision-making. Ultimately, my dissertation aints grovide hard data for the
complex task of producing scientific findings tHalp to create institutions that
provide protection equal to the dire environmentaiditions we face today.

Initial idea

After interning with NOAA, my project shifted gearsonsiderably. |
accepted a Research Assistantship (RA) under Rud. Berkman and Oran Young
to help build a digital library from the Marine Mamal Commission Compendium
(Wallace 1996). While my project still focused them marine protected areas in
Central America and Mexico, the RA job came witk #xpectation that | would
apply a digital library technology to my dissenbattiproject. Constructing the library
introduced me to techniques employed in sophigiccalocument analysis and
expanded my project to include formal institutiodahensions at the higher level of
policy.

At NOAA, | discovered the rich history of ocean mgement in the United
States. My prior focus on tropical marine and calastudies meant | was
completely unfamiliar with domestic issues and gsgul to find similarly
ineffective ocean governance in the US. Back int&darbara, | took up the

suggestion to use policy documents to conduct da#e analysis about
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institutional interplay among marine protected ardMPA) in the California
Current. Because interplay had been examined dmyugh case studies, text
analysis could potentially bring a quantitative dimsion to future research.

Current affairs

Ocean management came to the fore through twotetkat underscored
the value of a line of inquiry about MPA interplaBy 2003, the piecemeal
designation of MPAs had become problematic. Therf@ddVPA Science Advisory
Board intended to create a marine management M&8) inventory and had
plans to do the same for MPAs as a subset of MMiAEalifornia, private donors
had bolstered the State’s commitment to initiate kharine Life Protection Act
Initiative process. The State had failed in itstpa® attempts, due first to a lack of
stakeholder participation and later from a lackurfds (Weible et al. 2004, Avasthi
2005). The Act mandates that California reviewMiRAs in State waters, utilizing
the best available science, and adjust them teeatefa conservation network
reflective of the ecosystem.

The Pew Ocean Commission released its report i3 28@tioning that the
problem associated with fragmented MPA designatso existed within and
among all sections of ocean management, not ju#AsViPhese two developments
put critical issues associated with MPA overlaptie limelight. Incidentally,
research was underway to confront fragmentatioMBAs. In fact, lawmakers in
California developed the Marine Life Protection Adsentially to de-fragment the

State’s MPAs. In the interest of contributing to baoader scope beyond a
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conservation-centric inquiry, | expanded my redegnoblem to include all sectors
of ocean management.

This decision increased the range of law and fherehe density of the data
bed that | would have to compile and analyze. Oegpis challenge, the criteria for
selection of laws became simpler. A more genenmageaallowed generic selection
all ocean and coastal relevant laws without havindecipher which ones pertained
to MPAs (what a relief!).

Returning to Woods Hole in 2005, | presented nseagch ideas to gather
suggestions about which aspects of fragmentatiorsego problems in
government/management. Resounding feedback indicateat the lack of
coordination in sector-based decision making priesea major obstacle to effective
management. The NOAA research scientists alsoey@mava sense of frustration
concerning the magnitude of the undertaking requit@ wade through all the
pertinent laws and other management documentsder @ven to begin to uncover
the complexity of overlapping jurisdictions. | alE@arned of the latest large marine
ecosystem (LME) book (Hennessey and Sutinen 20Q5which the authors
reiterated the problem of fragmentation, and thednfor a systematic review of
institutional dimensions to move towards an ec@systapproach to ocean
management. This work and the feedback from NOAgeaechers confirmed that
my research problem needed a quantitative invegiigaDespite criticism that my
project should focus on a single sector, | maimdithe overarching perspective

based on the advice of my dissertation committedr ¢hat institutional interplay is
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not only problematic within —sectors but also asrti®em. Rather than limit the
application of findings to one sector, the projerciuld move forward with the aim
of developing tools to identify and prioritize gagsd overlaps across all sectors of
ocean management.

Ecosystem-based management

As an attempt slightly to narrow the problem defom, | proposed to
investigate fragmentation (gaps and overlaps) withBM. This resulted from my
involvement in the National Center for Ecologicalalysis and Synthesis (NCEAS)
ocean zoning working group as well as the EBM reoemdations by the two
ocean commissions (Pew Oceans Commission 2003, BSX004). Furthermore,
the Sutinen et al. 2005 LME book specified the msite to address institutional
fragmentation in order to shift to Ecosystem Applodo Management (EAM),
which is equivalent to EBM for the purposes of thrsject. The literature clearly
supported my conclusion that an investigation ie tontext of EBM would
generate the most relevant analysis.

The NCEAS working group initially intended to facisolely on ocean
zoning. However, the working group fully recognizamhing as just one tool. Group
discussions tended to revolve around the broadepinand challenge of EBM
implementation. | began to grasp fully that identi§ and evaluating the obstacles
in the implementation of EBM could provide a roagmir overcoming the

complexities and intangibles of the theory.
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By late summer 2005, | had defined the overakkaesh problem and main
project objectives: to quantitatively identify olagss in law, and gaps in agency
coordination for the purpose of implementing EBMtire ocean management for
the California Current Large Marine Ecosystem. Witlis goal and a general sense
of how | could accomplish the objectives using texialysis of ocean laws, |
defended my proposal to my committee and advancezhndidacy. | then began
creating a list of laws to compile as the datasdéthough the project no longer
required a search for all MPA related laws, thaeéased scope encompassing all
sectors of ocean management nevertheless involvedueh larger task than
originally anticipated. The effort of selection aéorequired consultation with legal
experts. Thanks to the Ocean Commission and tbeueaging shift toward EBM
and recognition that it must address fragmentaitiolaw, | was able to draw on
assistance from several existing efforts. The NOBdastal Services Center had
developed the Ocean Planning Information Systemy realled the Digital
Legislative Atlas. The Atlas provides spatial jditdions of statutes and documents
what agencies have authority to implement thess fawocean and coastal related
management. | compiled codified versions of thefablstatutes using the Atlas list,
with a few additions. For Oregon, | used the Teri@i Sea Plan and recent
amendments as my base selection list (Oregon OPediny Advisory Council
1994). | continued to add all other statutes raleva ocean and coasts found along
the way. As a result of the Ocean Protection Cay@d?C), then newly designated

under the California Ocean Protection Act, Califarhad drafted a list of all ocean-
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related laws. | am also grateful for the generosityJonathon Gurish, OPC staff
member and attorney with the California Coastal $2ovancy, in providing access
to his list of ocean-related law, which | expandedinclude acts and additional
sections. Although I could not find a comparalie for the State of Washington,
by this point | knew how to develop my own list tika to conversations with staff
at the Department of Ecology and information fousmdthe Revised Code of
Washington website.

The compilation of regulations proved more challeg than creating the
list of statutes. After discussions with variougdeexperts and ocean management
practitioners, | created selection criteria usimg key terms: “marine”, “ocean”, and
“coast” to search the large bodies of administeatoode for each geopolitical
jurisdiction. Chapter 3 details the methodology $efecting and compiling both

laws and regulations.

ANALYSIS DESIGN

Once | had a representative dataset, | began raxglavenues of analysis
using techniques common to text and data miningsé&tprocedures use the power
of computer programming languages to reveal patamong documents or data.
Text mining borrows from data mining, but requiresbstantial preprocessing
because text is inherently unstructured relativeottter data types (Feldman and
Sanger 2007). Because of the rapid growth of digifarmation, investigations to

develop mining techniques have spawned an entlhedseipline within computer
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science referred to as “Knowledge Discovery” (Intgional Association for
Artificial Intelligence and Law, Feldman and Sang@é07). A plethora of potential
techniqgues now exists for application to documentlections, such as my
compilation of ocean laws, for purposes of discmgerrelationships within and
among documents (Feldman and Sanger 2007).

The collection of laws and regulations was congaleih December 2006,
ending the essential initial preparation phaseiristitutional analysis relating to
management of the CCLME. Explorations then begaMaitial’® of advanced text
analysis techniques, applying the Text to Matrixn&ator, a free toolbox provided
by Drs. Dimitrios Zeimpekis and E. Gallopoulos frahe University of Patras in
Greece. The Generator produces a term-list diatyofwat a collection of documents
and automatically creates a term document matid\Y from the user’s collection
of text files (Zeimpekis and Gallopoulos 2006). Goamly used to develop text
mining techniques (Feldman and Sanger 2007), a Djdnizes terms in a table on
the basis of frequency of occurrence in each dootnm a collection. The
necessary organization of the TDM, enabled my s&eqh of exploration of various
advanced methods, including latent semantic arsalifs$A) as applied in vector
space modeling and kmeans clustering (Baeza-Yate&R#deiro-Neto 1999).

Analyses on the entire dataset took several momkglly, patterns in the
resulting clusters and their associated dominamhgeooked promising. At this

stage, the clustering of laws (including statutesl aegulations) by kmeans
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clustering (with cosin€)and vector space analysis was tested as a duekgso
method to identify gaps and overlaps. However,itiverse document frequency
weighting entailed in the process often generalgsters based on the occurrence of
words around a term, but included laws withoutdhginal term. This may appear
to be a matter requiring only a simple fix. Howevier a non-statistician, it poses
considerable algorithmic obstacles and involveseexé density of code. Not only
did this method require lengthy and cumbersomeracguwchecking and challenging
ground-truthing, its refinement would have neededichted statistical expertise.
The dissertation at this point could have moved ihe realm purely of statistical
analysis and away from the production of a toofulder stakeholders.

At this point, it made sense to test analysis atemuasic levels of text
mining. This brought the added benefit of more spavent presentation. | had
become convinced of the need for transparency. r8eveterviews with legal
practitioners, government agency scientists, an@®Nepresentatives had made the

importance of transparency and interpretabilityacle

Gaps

Developing the concept
The development of the concept for the gaps aisalygas quite

serendipitous. | first intended to investigate “gjapn management to address the
lack of coordination between overlapping agenddthough this aspect of overlaps

still lies within the investigation boundaries ofyndissertation, | hit on an

®> See Feldman and Sanger (2007)
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alternative concept of gap particularly useful in the context of ecosystensdzh
management. The idea came from reading theoretistiutional literature (Young
2002), the Pew Oceans Report (2003), the US Oceam@ssion Report (2004),
and the transcription from my dissertation oralrex&t the crux of gap analysis is
the notion of a “gap” as merely the absence of sbimg that should exist.
Statements by EBM proponents illuminate particalgpects not covered by existing
management practices as a result of a sector-laggedach:
"The goal of EBM is to maintain the health of theole as well as the
parts. It acknowledges the connections among ttifRsy Oceans
Commission 2003)
"EBM looks at all the links among living and nomiy resources,
rather than considering single issues in isolation . Instead of
developing a management plan for one issue, BM Ebcuses on the
multiple activities occurring within specific are#isat are defined by
ecosystem, rather than political, boundaries,” (U 2004).
The research clearly indicates that decisions teéeé made that acknowledge the

connections within any given ecosystem. Two qoestarose from this line of

reasoning:

 Could text analysis of the laws reveal the faillok management to

acknowledge ecosystem linkages?

The definition of agap for the purposes of my dissertation became “acatit
linkage in the ecosystem that is unacknowledgednbpagement.” | use laws to
represent management at its apex, providing thevaguat of a high altitude aerial

view of institutions in place with responsibilitgrfthe upkeep of resources. Ideally,
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this analysis can and will be extended to otheesypf management documents
such as court cases, management plans, budgetatals; and meeting
transcriptions, giving pictures of management dtecBnt resolutions and from
different angles.

When exploring the utility of the advanced texalgsis techniques, | began
conducting experiments to test the accuracy ofeletive results for cluster output
and raw term frequency for finding gaps in lawetetmined that the clustering and
LSA algorithms vyielded inaccurate information fory mpurposes. (Cluster data
actually reflected more documents than pertainethéotopic of interest.) It may
prove valuable in the future to delve further ittie more advanced techniques. The
raw term counts, however, proved surprisingly ulsiuthe purpose of establishing
a baseline of gaps and overlaps. In keeping wighpitoject goal of incorporating
EBM, the algorithm constructed to investigate gapsd an ecosystem model (with
linkages among components) to determine which ef iodeled linkages were
missing in the relevant law.

Assessment

| validated the basic approach with practitionersacademia, government
agencies, and non-governmental organizations. depted the gaps concept in a
series of meetings, and quickly learned that treéchidea matched the concerns and
interests of a wide variety of ocean managemerkebtaders, especially those

working to implement EBM. Not only did | build cadénce in the trajectory of my
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research but, with each meeting, | learned how dmmunicate the research
problem more articulately.

To maximize the value of the meetings, | tailorbé frticulation of the
problem and the method to find gaps based on netgvéor the stakeholder. For
example, stakeholders interested in the institalidbig picture” appreciated an
explanation of the theoretical basis of the analysihese individuals responded
positively to a discussion of the fundamental peablof fit, which is the concept
that management systems “should fit propertiehefdcosystems with which they
interact” (Young 2002). Stakeholders with an ecglbgckground value the use of
matrices to represent ecosystem components anajgksk Stakeholders’ questions
and critiques guided me at every stage (Figure Rethuse | made it a point to
integrate their feedback into both the way | parfed the analysis, and the way |
presented the material. Notably, in fall 2007, nse wf the matrix containing
different types of components (species, habitat] atressors), puzzled a few
interviewees. Reorganizing each ecosystem compadnemia series of categories
helped me explain what the ecosystem model maepresented. This new
organization of categories also helped me furthymthesize results of the gaps
analysis and address the major criticisms from egand NGO personnel about the
need to synthesize the results | received in sun20@7. (I refer to this method of
categorical synthesis as “block-based” analysisthe case study presented in

Chapter 7 on gaps in governance related to ocedification.)
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Discussions with my committee member Dr. Steve &girspurred my
exploration of statistical methods that could bepligol to this technique. As
recommended by an ecosystem network analysis eXpeggan by measuring the
correlation between my two networks (ecosystem lagdl) and then tested the
significance by running the correlation against tipld random matrix
permutations. After further investigation, | diseosd that ecologists and
geographers refer to this common technique as thatéhl Test, and in social
networking analysis it is the Quadratic AssignmBnbcedure (QAP). Since my
networks did not represent spatial data, | usedim QAP to describe this metric of
my gap analysis. Fortunately, social network analgsftware (UCINET) provided
this statistical test with a user defined numberasfdom permutations (Borgatti et
al. 2002). The QAP correlation measure essentrallyesents the degree to which
the linkages modeled in the ecosystem match up@nguage in the management
documents.

Besides the correlation, | developed another met”, to indicate how
many modeled links were absent in the law compatidtdthe ecosystem model. In
addition to revealing missing links, the G metriscaindicates misfit between the
modeled ecosystem linkages and the laws. This sem@tric is a ratio of legal gaps
to modeled links, enabling the comparison of thedgigée of misfit” between laws
and an ecosystem across various ecosystem modekscasss various geopolitical

jurisdictions.
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After more meetings and interviews with stakehddethis method of
analysis did not alter substantially. Indeed, ibmppted many ideas for future
applications. Feedback emphasized a need to loothat management documents
such as court cases, local law, tribal law, meetiagscripts, and agency or area
management plans and to use synonyms and phrasesptesent ecosystem
components. Analyses incorporated this feedbackh@ later analyses. Several
interviewees suggested that | could expand my arsatp present solutions rather
than just defining a problem. This could be achieverough analyses tailored
specifically to identify how to filling the gapshfough what laws and through what
agencies), such as is demonstrated in Part B ofChge Study about ocean

acidification (Chapter 7).

Overlaps

Concept development
The development of the overlaps analysis wentutjinca series of changes

in response to stakeholder feedback. More absthact the concept of gaps, the
definition itself of overlaps changed several timéstial explorations included

simple term counts to compare the involvement ofous laws. Using analysis of
the counts, | then ran an exploratory clusteringlysis to test the utility of kmeans
clustering and vector space modeling to identifyd aneasure overlaps. This
exploration was based on the assumption that tinestenost frequently referenced
in a cluster of documents represented accurateyntbst frequent words of each

document in the cluster. | then measured simikgiimong sections using “pairwise
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distance (with cosine),” a common text analysiscpdure (Baeza-Yates and
Ribeiro-Neto 1999, Feldman and Sanger 2007). Thiealy, taking the most
similar sections derived from different source duoeats should have revealed
potential cases of redundancy. Although this teqimaiwill likely be investigated in
the future using more powerful applications, thectwe space modeling and
clustering were not sufficiently accurate for pusese of this dissertation. Seeing the
complexities arising, | had to step back and resssige concept of overlaps and its
significance to institutional interplay.

As with the gaps analysis, | returned to the sewplv term counts. Through
interviews in summer 2007, | received feedback mygess. Each scientist, lawyer,
and government agency member interviewed clariffeat although the problem
derived from overlapping laws, the real problemoired which agencies overlap
through which laws and whether or not agencies dinate with one another.
Following this line of inquiry, | generated an “agg-authority-to-laws” table by
reading through every law and regulation in thdeotion to determine the agency
authority. | followed the methods of the NOAA CadsSEervices Center Digital
Legislative Atlas as NOAA had conducted a simiteereise for the federal statutes
(pers. comm. Hamilton Smillie).

Adding the agency dimension to the overlaps amalysompted a lot of
favorable feedback. The next set of interviews stbwhat inclusion of the agency
dimension made the results more tangible and exgkc | experimented with

various metrics and diagrams to display the infdioma finding that “agency-to-
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law” diagrams where the law nodes were resized rbyuencies of topic (e.g.,
“fish”) were easiest to interpret. Chapters 5 ardisguss in more detail the current
form of overlaps analysis and its benefit in getiegaa visual baseline of where and
to what degree agencies overlap on a given isshe. overlapsoutput does not
distinguish between positive and problematic oyerlaor does it reveal where
coordination actually exists over ecosystem comptsfor which each agency has
some responsibility. The aim, however, has not lhlegerase out specific problems
of agency coordination. The purpose instead has tie@rovide a map for further
investigation of these questions. For example, llmeselata can be used to locate
where (among which agencies) coordination shoutdiigor to highlight agencies
involved in management of certain activities armsbrgces — both functions in high
demand by the practitioners and researchers | leaeeuntered. Policy-makers
could benefit from the use of such data in law s®ewvi and making to remove and
prevent redundant and conflicting regulations archdates.
Testing

| interviewed over fifty stakeholders to developet analyses. Some
stakeholders assisted with statistical and ecosystedeling, but most challenged
me to fine-tune the concepts and research questionsder to make the results
useful and reflective of information needed by ptemers. | chose contacts
through “snowball sampling” (word of mouth suggess from other experts with
whom | spoke). Others | met at conferences, whengrelsented preliminary

information from my investigations. Some found nieotigh either my project
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website (http://www.cclme.org) or through recommawhs from individuals
familiar with my research.am grateful to all those who met with me in persmd
on the phone.

The cycle of designing the analysis, testing thsuits with stakeholders,
redefining the problem based on feedback, adjustieganalysis, and retesting the
results with more stakeholders was potentially neveling. My committee and |
had determined that two revolutions of this cyclerev necessary for the
dissertation. The practice proved so valuable, wewethat | went through many
more testing cycles, sometimes casually over tltea@hsometimes assisted by an
explanatory PowerPoint presentation. | performed s&ries of interviews in the
Pacific Northwest using Puget Sound as the basigh® conceptual ecosystem
model. After the first testing series, | made majoanges to the overlaps analysis. |
integrated the feedback from the fall 2007 meetimg® discussions of my
dissertation, and included my findings in my recoematations for future work.
Challenges to testing

The main challenge to ground-truthing results lay identifying the
appropriate people to interview. Notably, in mostetings, the issue of problem
definition dominated rather than the analysis o tlesults. | realized that this
occurred in the instances where | failed adequatetiefine the problem or present
the data. Interviewees with a vision of the largeture across agencies, as well as
those with some knowledge of ecology, tended t@idemthe most useful feedback.

In general, those most critical of the problem wiébn and text analysis methods
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provided the most valuable feedback. | continuéeton how to best explain and

present the data to different types of audiencegdan their management, legal,
and science expertise. So far, my presentatioheftoncept, methods, and results
has produced an overall positive reception. It sepossible that they could indeed
serve as a unifying tool for integrating managemegross sectors and agencies

toward more strategic and cooperative relationsarmuspolicy-making.

CONCLUSION

The concepts developed for this project were oty my own creation.
My committee’s expertise, the NCEAS working groupcdssions, statistics and
computer programming knowledge, as well as adviosfacademic sources, and
NGO and government agency experience were allumgntal in leading me to the
concept, techniques and conclusions presented Heram grateful for the
opportunity to work with outstanding professionfism various disciplines and
management sectors, all of whom have contributeinehts essential to this

dissertation.
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Chapter 3 Dataset of Ocean Law

INTRODUCTION

Historically, uses of the marine environment haerb managed within
individual sectors, such as transportation, miniagd fishing (USCOP 2004).
Coupled with increased uses, this fragmented apprdes led to inconsistent
management and a lack of coordination across gallijurisdictions and between
sectors (USCOP 2004, Kildow and Colgan 2005, Crovetal. 2006). Ecosystem-
based management can help alleviate environmemtddlgmns caused by this
piecemeal approach (McLeod et al. 2005). But taatpenalize this concept, place-
specific legal overlaps and gaps must be bettentifited and measured.
Recognizing the need to navigate through the compleean management, this
paper presents a unique dataset that makes theratxph and construction of
objective analyses of ocean laws possible acrosspheyurisdictions and between
sectors.

This chapter first emphasizes the need for anrodew database. The
following section summarizes text analysis effodspecially with application to
law. The Methods section discusses how | assemthleddataset. The Results
section presents summary statistics about the etatd$he Discussion offers
suggestions on developing techniques to measure idmctify problems of

fragmentation.
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Need for an ocean law database
The time to rigorously and comprehensively asggsdblems in ocean

management is long overdue. The Stratton Commisisiob969 recognized that
fragmented ocean management threatened marinestemsyealth and resources
(Stratton Commission 1969). Over two decades l#terlJS Commission on Ocean
Policy Report (2004) and the Pew Ocean CommissiepoR (2003) reassessed
ocean management and found the same problem, thuthw oceans in a more dire
condition.
Fragmented management

Management has not sufficiently adapted to thedha increased ocean
uses. As a result when one ocean-related industikesna decision, it can result in
unintended negative consequences for other sgaforsig 2002). For instance, the
shipping and transportation sector needs to reguglatision prevention, response to
hazardous spills, traffic lanes, and port faciitas critical management components
(USCOP 2004). Over time, this sector’'s activitieavdn impacted and will
increasingly continue to impact other marine-relateses, such as recreation,
mining, and fishing. For example, impacts to tishifng sector occur when estuarine
habitats are degraded by the dredging done to amaishipping channel depth. This
practice jeopardizes spawning and nursery habdatcbmmercially important
species. The inter-relationships between sectasebaactivities and ecological
systems must be managed comprehensively (Kenni€2)1@ith a body of
regulations that take into account the linkagesvbeh the appropriate components

(Imperial and Hennessey 1996).
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Ecosystem-based management (EBM) is one approdelssen detrimental
impacts on the coast and oceans in the United SS{&tew Oceans Commission
2003, USCOP 2004). However, the implementationB¥Eequires alleviating the
fragmented nature of ocean management by coordgatianagement decisions
within and between levels of government (Under@dQ, Slocombe 1993, Imperial
and Hennessey 1996). Critical questions about prablin ocean management
cannot be quantitatively answered without a comgmsive dataset that embodies
how marine-related uses, activities and resouraes rmanaged. Quantitative
evaluation could complement qualitative in-depthestigations to provide a better
understanding of the extent of fragmentation inrapcmanagement.

Opportunity for Ecosystem-Based Management

We are in an opportune time to confront and resoproblems of
fragmentation. Unbiased, objective analyses of gapmb overlaps in management
are essential to realizing this goal if people tarenove forward in implementing
EBM. It is most reasonable to begin with the lawattare used to guide and
regulate use and abuse of ocean and coastal redatipdties. A manageable
database containing all ocean-related laws forvengiarea is needed to begin
developing techniques that quantitatively, objedinand comprehensively identify
gaps and overlaps.

The collection and summary of a dataset composé&dwthat will allow us
to start answering critical questions about fragim@mcean management. While the

statutes and regulations only represent the fomsditutions for how a resource or
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activity is managed, their compilation can provaldataset that crosses sectors and
geopolitical jurisdictions to represent governaateceans as a whole.
Text analysis

Text analysis can provide a useful method in mdisgiplines to quantify
relationships between documents. The recent immemneaith of digital data
requires more intelligent techniques to make sens®f the available information.
Thus, much of the innovation in text analysis leasurred within university
computer science and statistics departments, ad wa®l technology-based
companies. These researchers have strategic istémgserfecting data mining and
information retrieval algorithms and technologigSlassic document analysis
techniques use keyword or term frequency countsldatify relationships among
documents (Baeza-Yates and Ribeiro-Neto 1999). Merently, structure has been
woven into some content analyses (Wan and Peng 2805t al. 2006). Document
analyses usually include probabilistic modelingpBan modeling, or Vector Space
Modeling, all of which use keywords or index tertngepresent each document in a
given collection. The Boolean and probabilistic migdonly assign binary weights
to index terms so that measures of similarity messuit in eithesimilar or different
output to quantify relationships between docume@@nversely with the Vector
Space Model, index terms in documents are assigoaebinary weights and each
document is represented by a vector of term coUihis. allows varying degrees of

similarity between documents to be measured (Lal &006).
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At the core of these analyses igeam-document matrjxwhich organizes
terms in a table according to the frequency withciwhhey occur in each document
(Table 3.1). This type of matrix can be generatedafcollection of text documents
using Matla§. Drs. Dimitrios Zeimpekis and E. Gallopoulos frahe University
of Patras in Greece provide a free add-on Matlalbtx (Text to Matrix Generator)
that generates a term document matrix and terndictionary for a collection of
documents (Zeimpekis and Gallopoulos 2006). Usarsahoose local and global
weighting schemes, remove common words from therixpadand rely on term
stemming to create the index of terms (using Pei&@emming Algorthim).

Table 3.1. Example of a sample term-document matrixCells represent the raw
term frequencies for each document.

crab estuary | fishery kelp lobster mussel
Document 1 2 1 6 0 1 0
Document 2 0 0 0 1 0 0
Document 3 0 3 2 0 0 6
Document 4 0 0 6 0 0 0

Resolution of text analysis
Text analysis is often performed on elements @erivom larger documents

(Krippendorff 2004, Zeimpekis and Gallopoulos 2006¢reasing the granularity of
a set of documents enables a higher resolutionnalysis (Krippendorff 2004).
Documents are typically divided based on structursize. For example, a corpus
of text from a book may be divided into chapteeragraphs, or sentences for more
detailed analysis (Krippendorff 2004).

Digln software, a product of EvResearch, formeal lthsis of my work as a

Research Assistant on the construction of the alidibrary from the Marine
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Mammal Commission Compendium. Digin allows a usedivide documents into
pieces of any size based on the formatted struatfira document or set of
documents that is constructed in a parallel mankier dividing the document the
software renames all new pieces by adding a chogieal numeric suffix to the
original document name. With the Digiro version, a user writes a regular
expression (code written to identify a pattern,hsas that for a section heading, for
the program to find (Friedl 2006)) to divide indivial or sets of documents into
sections. This allows the dividing of a diverselyustured set of statutes and
regulations (Berkman et al. 2006). | used Digintwafe, license kindly donated by
EvResearch, LTD to divide my compilation of ocead aoastal laws.
Text analysis applied to problem of fragmented law

Document analysis is useful to answer questionsutalfragmented
management because it facilitates identifying aneasuaring certain types of
relationships between the terms within the lawse Hmormous (and growing)
number of law texts has caused informational reatiproblems and inconsistencies
in implementation in domains beyond the oceansh siscconstruction (Lau et al.
2006) and urban housing development (Koschinsky&mdnstrom 2001). In fact,
an entire discipline is devoted to addressing pinadblem (International Association
for Artificial Intelligence and Law)Legal informaticscombines legal expertise with
information technology and a variety of text anay®chniques, focusing on the

needs of lawyers, managers, policy-makers, angubéc.
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For example, the Engineering Informatics Groupeda®d by Dr. Kincho
Law at Stanford University is conducting researchatldress problems caused by
U.S. federal and state business domain law. Thejegt focuses specifically on
untangling fragmented laws in the domains of busnmanagement and water
quality (Lau et al. 2006). With comparable proposedcomes, this dataset can
contribute to identifying and quantifying the curténefficiencies of U.S. and State

laws regarding marine regulation and management.

METHODS

Methods to create a database of ocean and coakitdd laws relevant to
the northern California Current LME are presentedhis section. The following
steps taken to create this dataset: 1. determidecaltect useful set of laws; 2.
divide documents into consistent elements; andnally, generate term-document

matrix to use for queries and text analysis (Figufg.
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Step 1 <

Step 3

Future
analysis

Identify and collect
useful set of laws

A 4

Remove excess markup

A 4

Divide documents with
Digln

JV

Obtain individual
elements.

A 4

Remove Digln mark-up
and convert to text with
perl script

A 4

Turn parsed text
documents into term-
document matrices with
Matlab TMC

Identify and
measure gap

o

Identify and
measure overlapg

Figure 3.1. This figure illustrates the steps takemo create the dataset of laws.
Gray boxes indicate necessary text cleaning stag&tep 1 included selection
and collection of documents, for which necessaryedning was performed to
remove markup. Step 2 entailed divided documents ia legal sections
(referring to as “elements”), which were then cleaad for markup. Step 3
required parsing the term frequencies from the texof each element,
generating a term-document matrix for data analysisFuture analyses (in
dotted boxes) included developing algorithms to iddify and measure gaps and
overlaps using this dataset as a test bed.
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Determine set of document collection
Choosing the set of laws first required identifyiagd applying a set of

criteria. 1. geographic scope, 2. scale of socigamization, and 3. type of
document. Collecting within the defined criteridlyproduce a consistent collection
of laws that can be examined quantitatively to arswagmentation questions
relevant to national and state levels, as wellew/éen jurisdictions.
Geographic scope

In terms of geographic scope, these documents Imawst power or influence
over managing the activities that affect resourcethe California Current Large
Marine Ecosystem. To improve management of the maaenvironment, the
international organizations, and national and stgteernments have adopted the
large marine ecosystem (LME) concept. On the madaitof 200,000 ki LMEs
“are regions of ocean space encompassing coastak drom river basins and
estuaries to the seaward boundaries of continesitalves, enclosed and semi-
enclosed seas, and the outer margins of the majoert systems,” (Sherman
2005). LMEs spatially cover the most economicafiglitically, and ecologically
important portions of the oceans worldwide (Wang§40

The California Current Large Marine Ecosystem ¢i80f one of the most
well-documented marine ecosystems in the world dhiBelda et al. 2003).
Located from the Washington State-Canada bordgrstosouth of Baja California,
the California Current LME extends seaward to apjpnately 300-600 nautical

miles from the continent (Figure 3.2).
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Figure 3.2. California Current LME. The solid line in the Pacific Ocean
represents the boundary of the California Current LME. The blue hatching is
the Exclusive Economic Zone (EEZ) of the United Stas, and the green
hatching is the EEZ of Mexico (GIS data from Univesity of Rhode Island for
LME, NOAA Coastal Services Center for U.S. Exclusig Economic Zone, and
Marine Conservation Biology Institute for Mexico Exclusive Economic Zone).

Political jurisdictions for this area include imational policy, United States
and Mexico national laws, as well as State lawsnfié&/ashington, Oregon and
California. Mexico’s marine waters are under theisgiction of the federal

government (Rivera-Arriaga and Villalobos 2001 grdfore, no Mexican state laws

were compiled for this project.
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Scale of social organization
The second criterion was that the laws are limitechational and state

levels. The inclusion of additional levels of maaagent, such as county, regional,
and city, would provide a finer scale of analybist there are thousands of localities
within the geographic scope. Therefore, due to wmestraints, it was not feasible
to identify and gather laws from the smaller-sg¢atesdictions.
Type of law

The third criterion was that laws must be codifgdtutes or administrative
code (regulations) for state and federal leveldifizd versions of laws were used
because these are the most accessible. Additioriaélypublicly accessible digital
format for each relevant jurisdiction is updategularly. The aim of this collection
was to gather relevant laws for one point in tifee,which codified laws were the
most appropriate. For documents at the interndtitavel, this criterion included
treaties, agreements, or other relevant documeérds dre part of the Marine
Mammal Commission Compendium (Wallace 1996). Thecsic routine used to
collect for each jurisdiction is presented in thessRts section.
Dividing laws into legal sections

The hierarchical structures in which the lawsaodified vary. For example,
the U.S. Code hierarchy includes Title/Chapter/iSact and Chapters were
collected. The California Code of Regulations Hiehng includes
Title/Division/Chapter/Section, for whiclbivision was collected as the source

document. Table 3.2 shows each jurisdiction’sranehy, legal database web
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address and partition collected for text analy§lse larger partition was compiled

to ensure compilation of any potentially relevaahtext that surrounds individual

ocean-related sections.

Table 3.2. Hierarchy of codified laws for each jursdiction pertaining to this
study. Bold capitalized text indicates the level awhich the law was collected
(aka “source document”). These source documents wethen divided into
smallest consistently used unit of legal sectionerftext analysis (also referred
to as “elements”, see Figure 3.3).

Compiled
. s document
Scale er pphpcal Law type Coldlflcanon (Statutory/
jurisdiction hierarchy
Regulatory
Unit)
U.S. Code . :
Federal (statutes) Title/Chapter/Section Chapter
United States | U.S. Code of .
National law Federal Tide/ Volu_m e/Chapter/ Part
. Part/Section
Regulations
Federal Ley Ley/Section Ley
Mexico law | Regulaciones Regulacion/Section Section
Revised Code . :
of Washington Title/Chapter/Section Chapter
State of (RCW)
Washington | WA . :
Administrative Title/Chapter/Section Chapter
Code (WAC)
Oregon . .
Revised Title/Chapter/Section Chapter
State State of Statutes (ORS)
Oregon Oregon Chapter/Division/Secti
Administration | on Division
Rules (OAR)
Code/Division/Chapter
California Code | /Article/Section Article
State of
California California Code | Title/Division/Chapter/ s
) ! Division
of Regulations | Section

Laws within the scope of this project shared ttnecsure ofsectionsas the
smallest cohesive elements of law (Figure 3.3sdduDigIin Pro software to divide

the large partitions of laws (referred to smurce documeniksnto legal sections.
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Each source document was divided into sectionkestructural composition of the
collection would be consistent. Because each jiotieth’s laws were written in a

different format, | wrote regular expressions facle jurisdiction.

DIVISION 6 - whole DIV. 6 — Section 1

TITLE 14. NATURAL RESOURCES DIVISION 6. RESOURCES AGENCY s 14100. Definitions.
all terms defined by Chapters 1 and 2, Statutes of 1971, First Extraordinary Sd

the purpose of these rules and regulations be deemed to be used with the sa

expressly modified herein,
5 14100. Definitions : :
Mote: authority cited: Section 65570, Government Code. Reference: Sectiol

all terms defined by Chapters 1 and 2, Statutes of 1971, First Extraordinary Ses 4 A
the purpose of these rules and regulations be deemed to be used with the same 51243.5, 51283 and 65563, Government Code,
expressly modified herein,

Mote: Authority cited: Section 65570, Government Code. Reference: Sections

51243.5, 51283 and 65563, Government Code. DIV. 6 — Se Ctlon 2

s 14101. "act" Defined.

"Aot" as used in these rules and regulations consists of Sections 16140-16154
5 14101, "act" Defined. Gaowernment Code, Section 33321.5 of the Health and Safety Code, and Sectid
"act" as used in these rules and regulations consists of Sections 16140-16154, and any amendments thereto.
Government Code, Section 33321.5 of the Health and Safety Code, and Sectiong *

and any amendments thereto.

MNote: authority cited: Sections 16144, 16154 and 65570, Government Code,
65570, Government Code,

MNote: Authority cited: Sections 16144, 16154 and 65570, Government Code. Ry
65570, Government Code,

DIV. 6 — Section 3

5 14102, Terms Defined.

. 5 14102. Terms Defined.
As used in these regulations, the following terms shall have the meanings noted:

As used in these regulations, the following terms shall have the meanings noted:
(a) "Secretary" means the Secretary for Resources, State of California, (3) "Secretary® means the Secretary for Resources, State of Califorria.
(b} "Governing Body" means the governing body of any county, city, or city and (b) "Gowerning Body" means the governing body of any county, city, or city and
(c) "authorized Representative" means the individual appointed and authorized b (c) "authorized Representative” means the individual appointed and authorized bl
behalf of the governing body. behalf of the governing body.
MNote: Authority cited: Sections 16144, 16154 and 65570, Government Code. Ry MNote: Authority cited: Sections 16144, 16154 and 65570, Government Code. R
65570, Government Code, 65570, Government Code.

DIV. 6 — Section 4

5 14110, Filing of Application Reports.

Application reports for state payment shall be filed with the Secretary on or beft

is made according to instructions and on farms provided by the Secretary. 5 14110. Filing of application Reports.

Application reports for state payment shall be filed with the Secretary on or
Mote: Authority cited: Sections 16144, 16154 and Government Code. Referenc| is made according to instructions and on forms provided by the Secretary.

Mote: Authority cited: Sections 16144, 16154 and Government Code, Refers

Figure 3.3. This diagram demonstrates the concepf dividing law documents,
such as divisions (referred to asource documen)sinto smaller consistent
sections of law (referred to aglement3 for more revealing text analysis.

Generate Term-Document Matrix from law collection
To begin the text analysis, the sections of lawected from the U.S.,

Washington, Oregon and California were fed throtigh Text Matrix Generator in
Matlab (Zeimpekis and Gallopoulos 2006), which proetl a dictionary of all
unique terms in the collection and then generatetjhted term frequencies for
each document. Common words were also removed assgp list provided in the

TMG toolbox. Terms were stemmed so that words ssctcrab” and “crabs” were
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counted as the same term. In addition, the TMGbimolallowed a user to easily
change options without running through the entive hour process. This gives the
capability to compare how options, such as local giobal weightings, affect the
dataset. The results provide summary statisticsitatiee term-document matrix,
including a summary of the document sizes. Furtlbeenresults present summaries
of the term frequency data to emphasize the futise of various weighting
schemes for analysis of ocean management questions.

Error proofing

The large size of the dataset, coupled with thetiratép process, provided
ample room for manual or systematic error in gemagahe term-document matrix.
Once the term-document matrix was built in Matlapyroofed the dataset for the
following errors: duplicate source documents in $iystem, duplicate elements in
the system, and misnamed source documents (e.ge spathe name, multiple
periods in name). In addition, | tested the terrowoioent matrix and associated
metadata to ensure that there was associated sdoccenent metadata for each
element. Also, | tested to make sure that all sog@cuments in the metadata had
associated elements in the collection.

To test for these potential errors, | exportedtéren-document matrix arrays
as text documents and imported them as tablesairitbcrosoft Access database.
Appropriate relationships were drawn between théetaso that | could run queries
for each type of error (Figure 3.4). The most figily occurring error was the

mismatch between the elements and the source dotsinollection. Once
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discovered, the missing elements were generated &ssociated source documents
and added to the system. The following results greshe cleaned and error-

proofed data.

ALL term ALL doc ALL val

ALL_dictionary ?m 7 % ID
71D TermID — ElementID termfreq
Word

ALL docnames
¥ D

ElementMame

AlIPDnames

PDmetadata 71D grep_Elementfilenames
FilelD FilelD_PD 7D
Lawhame Field3d
JurisdictionCode ElementMame

DateCollected
SourcelRL

DocType
GeoPaliticallurisdiction

Figure 3.4. Architecture of database used to verifywhether all the documents
in the term-document matrix were accounted for in he metadata (and whether
all the documents in the metadata were accountedrfin the term-document
matrix). Tables were exported from Matlab into Microsoft Access and
relationships were drawn between each to check farrors between the dataset
constructed in Matlab with the metadata tables.

RESULTS

A combination of informal interviews (to colleckmert opinion), manual
copy and paste, Digln, perl script, and Term Ma@enerator in Matlab was used
to generate the dataset. The results are presastéollows: (1) a description of
laws gathered for each jurisdiction; (2) resultsliwiding laws into sections; and (3)

summary statistics of the end goal term documeitixpa
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Law compilation
Digital versions of laws were manually collecteor fthe international,

national, and state level of the California Curré&ME, including laws from
Washington, Oregon and California, as well as matfidevel laws of the United
States and Mexico. In additional, relevant intaoratl agreements and conventions
were compiled. The identification and collectiontlofs corpus was conducted from
November 2005 through November 2006.
United States Federal

| used the list of marine laws from the NOAA Coas$arvices Center’s
Digital Legislative Atlas to determine the Unitedates Code portion of the
document collection. These documents were downbtbadiethe internet from the
U.S. Office of Law Revision. The national regulasovere chosen from the Federal
Code of Regulations with a search on “marine” ancean.” There were 669 Parts
that met the collection criteria.
California

To select the California State portion of our cdilen, | used a list of
codified statutes produced by Jonathon Gurish tier @cean Protection Council,
which identified relevant codified statutes to theean and coast for the State of
California. | gathered these documents from theif@ala Code website

(http://www.leginfo.ca.gox To determine relevant California regulations, |

searched the administrative code using the ternsitm,” “ocean” and “coast” on

the California Code of Regulations websitétd://www.oal.ca.goy/ The California
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Code of Regulations that contained one or more roesce of these terms was
marked for collection.
Oregon

Oregon Revised Code relevant to this project wastiflied through the
updated list in the Oregon Territorial Sea Plan.difidnally, | searched for
“marine,” “ocean” and “coast” on the Oregon Revis&tatutes website
(http://www.leg.state.or.us/ors/). To determine thkevant Oregon regulations, the
Oregon Administrative Code was searched using ‘medti“ocean” and “coast”
(http://arcweb.sos.state.or.us/banners/rules.htm).
Washington

Applicable Washington codified statutes were deiteech by searching
“‘marine,” “ocean” and “coast” on the Revised Statutbf Washington website

(http://search.leg.wa.gov/pub/textsegrcio identify the pertinent State regulations,

| searched the Washington Administrative Code usimgrine,” “ocean” and

“coast” (http://apps.leq.wa.gov/wac/

| skimmed each section individually to determineether the term “marine”
referred to the ocean or to rights associated imiividuals involved with the U.S.
Marines. The latter were discarded from the calbectist. The remaining sections
were collected within their larger partitions (Tald.2).
Mexico

For the Mexico laws the terms “mar” “costa” “mafnand “navegacion”

and “Pacifico” were searched. These statute andilaggn documents are
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downloadable in full document form from the interne

(http://lwww.disputados.mx.qdb

Dividing source documents into law sections
For text analysis pre-processing, generating thallest unit consistently

used across jurisdictions required preparing theunhent collection at the scale of
section. | used Digin Pro software package to d@vsburce documents in the
smaller legal sections to prepare for text analys® the majority of laws, the
regular expressions had to be written for individdacuments due to slight
inconsistencies in the structure of many laws.

The resulting collection of laws included Unitetht®s (federal), Mexico
(federal), California, Oregon, and Washington dedifstatutes and regulations, and
international agreements, totaling 1,567 sourceunhants (unprocessed) which

divided into 82,163 sections (Figure 3.5).
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Figure 3.5. Number of codified statutes and regul&ns gathered for each jurisdiction. Black dots sha
number of source documents (scale along secondanayis). The bars show number of sections the
divided source documents produced (scale along pramny y-axis).
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Data cleaning
With the complete, divided collection, a Perl gtnvas written to convert

the newly divided laws into ASCII text format. Thikviding process introduced
markup material into the element itself, occurringhree forms: html tags, header
tags, and hyperlinks. The Perl script addressesl dki part of the conversion to
ASCII text.

Due to unforeseen formatting and translation cacapbns, international
agreements and Mexican laws were not included atgssing past this cleaning
phase. However, with only the national United $tdtederal and state laws, the
fully processed portion of the collection represetiite northern sub-region of the

California Current LME® This portion included 75,286 sections of law.

Term-Document Matrix of law collection

Text Matrix Generator Specifications
To create a term document matrix, sections of fmeam the U.S.,

Washington, Oregon and California were fed throtigh Text Matrix Generator in
Matlab. This produced a dictionary of all uniquents in the collection and then
generated term frequencies for each document (Zkim@nd Gallopoulos 2006).
Table 3.3 presents the optional specifications ehpsuch as the removal of
common words using a stop list provided. This posdba matrix composed of
documents (elements, sections of law) by stemmedstewhich contained the

occurrences of all terms for each section of lathacollection.

® It is anticipated that this deficit will be addsesl in the future by processing
through Java applications.
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Table 3.3. Table of specifics from the Term MatrixGenerator toolbox in

Matlab (TMG).

TMG options Specifications
Stemming Yes

Local weight Yes (term frequency)
Min length 3

Max length 30

Min local frequency 1

Max local frequency Infinite

Min global frequency 2

Max global frequency Infinite

Normalization No

Remove common words

Yes, (list of 421 terms

provided by TMG)

The TMG produced the following output to summatize dataset:

Number of documents = 75,286

Number of terms = 33,347

Average number of terms per document (before thmalization) = 310.609
Average number of indexing terms per document =268

Sparsity = 0.182218%

Removed 421 stopwords...

Removed 21568 terms using the stemming algorithm...
Removed 989 terms using the term-length thresholds.
Removed 30194 terms using the global thresholds...
Removed 0 elements using the local thresholds...

Removed 0 empty terms...
Removed 68 empty documents...

Summary Statistics — Documents

There was a high range of words per documentanctillection. After the
removal of common words, the smallest element coathone word, and the
longest document contained 152,447 words. Howdlhiermean was 307.6, median
was 117, and the mode was 18 words per documeatTWG toolbox identified 68
documents as empty because they only contained comwards and numbers, both

of which the toolbox removed, and thus omitted eéhgpty documents. Because the
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standard deviation was so high (1348), quartilesewaeasured. These quartiles
showed that 75% of the collection had 273 or lessd® per document. The box
plot demonstrates the quartiles (Figure 3.7). Tio¢ ©@veals that 50% of the data
are between 50 and 273 words per document, progl@mninterquartile range of

223. The upper whisker is much longer than the foml@sker (note the Y axis is

logarithmic scale to show the entire plot). Therexte values (outliers) are all

above the upper whisker, reaching over 100,000.

10°

Words per document

'] D 1 1 1 | 1 1 1

a 1 2 3 4 ] ] 7 ]

Element (section of law) w10t
Figure 3.6 Words per document (legal section). Plaliustrates sum of words
per section. Note the Y-axis scale.
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Figure 3.7 Box plot of the distribution of words p& document. Note the Y-axis
scale.

Table 3.4. Elements (documents, legal sections) germ.

Words per document
Min 1
Max 152,447
Mean 310.6
Median 117
Mode 18
Std 1348
Range 1.52e+05
Quantiles for WPD
25% 50
50% 117
75% 273

97.5% 1647

Summary Statistics —Terms
According to the global frequencies of terms witkttie law collection, the

majority of terms were relatively rare among thevda(Figure 3.8). Similarly,
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document frequency per term demonstrated that #jerity of terms occurred in a
small number of the laws (Figure 3.9). The box mbtquartiles in Figure 3.10
showed that 75% of the terms appear in 19 or lesgons of law in the collection.
The middle two quartiles (25% to 75% of the termahich have a more
representative distribution of the document freqies) reveal that each of these
terms occurs in only 3 to 20 sections of law. Thghtvariability of term frequencies
throughout the collection suites well for the apglion of weightings to the raw
frequency counts. Various weightings, such asrsev@&locument frequency and
other global weightings should be explored in angufe vector space modeling

applied to this dataset.

1065 T T T T T T

Global frequency of term

1D | | | | 1 1
o 0.5 1 1.5 2 25 3 34

Term w10°
Figure 3.8. Law collection term frequencies. Notehe Y-axis scale.
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Figure 3.10. Box plot showing the distribution of €&rm frequencies for
collection. Note the Y-axis scale.
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Quantiles for documents per term box plot.

25% 3
50% 6
75% 19

97.5% 1155.3

To present the summary statistics of this datdsdgcumented the most
frequently occurring terms in the collection. Fits¢ Top 20 stemmed words ranked
in order of global frequency throughout collectanme below in order of decreasing
rank:

section requir oper applic code author includ prebwater area depart person
vessel part permit plan unit mean public determin

Second, the Top 20 stemmed words ranked in ordenrmber documents they
occur in, in decreasing order.

section author note requir top refer code cite pdoapplic includ part oper public
person chapter determin purpos provis regul

DISCUSSION
Public access and data processing constraints

The documents of the California Code of Regulaiaere most challenging
to compile. The only format they are available igitdlly for the public is by
sections. Considering there were over 28,000 sectid regulations, this was an
arduous task.

Once compiled, these regulations contained a langeunt of markup from
the online legal database (Barclay/Westlaw). Eamtuthent was run through a list
of several steps to remove the markup using seanth replace functions in

Microsoft Word and TextPad. Cleaned documents fralinjurisdictions were
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converted into text from their original format (Htnor Microsoft Word).
Additionally, three lines of text tags were addedeaich unprocessed document to
indicate the source hierarchy for the sectionss Biep was taken in preparation so
that Digln could be used to convert this compilatioto an online digital library.
Each DigIn tag was composed of the first threeslifee each document indicating
the general level of law (e.g. State or Nationapecific jurisdiction (e.g.
California), Title and Division number and name.
Final composition of dataset

The four included geopolitical jurisdictions covehe northern-most
bioregion nested within the California Current LMEOAA Regional Ecosystem
Delineation Workgroup 2004) providing a useful sétlaws for analysis in the
context of ecosystem-based management betweeicaldiibundaries.
Dataset statistics

Many of the summary statistics were typical oftteorpora. The high
sparsity is a reflection of the many subject mattiat the laws cover. The term
frequencies, both the global frequency and the heciis per term, matched past
document collections (unrelated to this projecgttlupport Zipf's Law of rank
frequency (Hill 1974). Zipf's Law demonstrates thia least occurring terms in any
collection of documents occur in only a few docutsemwhile few terms occur in
most of the documents. Similarly, documents pemteesults followed the same

pattern.

CONCLUSION
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Creating a dataset of ocean related laws was btieedirst critical steps to
exploring the utility of information retrieval torgvide baseline information about
ocean governance. With this dataset scientistdlesalop new ways to objectively
discover and measure management problems, whiclassist decision-makers to
overcome one of the major obstacles to implementegpsystem-based
management.

The constructed law database promises a new toainfrine EBM. The
compilation of unprocessed and processed leas facilitate the application of
numerous types of text analyses to answer questdiosit the state of ocean
management. Until now there has not been a compseleset of laws across all
sectors and multiple jurisdictions. Consequentlyy analysis has assessed
interactions among marine management systems amgrehensive, objective and
guantitative way. Forthcoming analyses plan to tigvéechniques identify gaps in
law and allow the examination of management issugthin and between
geopolitical jurisdictions along the Pacific coast.

As the next step in untangling fragmented oceamagement, we can
exploit this legal database with techniques degvimom information retrieval and
social network analysis to study specific aspetfsagmentation, such as gaps and
overlaps. Perhaps most straight-forward is thetifiestion and measurement of
legal gaps in the context of ecosystems. For exangplechnique measuring gaps
could demonstrate its utility by calculating thegoee of congruency for an

individual sector, such as Shipping and Transporiatand then compare this to a

74



system of ecological components interconnected lutiman uses. If the technique
is successful, the congruency would measure hifginghe sector activities than for
the ecological system. In addition, developmentezhniques can help decision-
makers prepare for foreseen problems, such as meanouses and impacts of
global climate change.

The collection of ocean relevant laws within ag&arecosystem that spans
political borders is a critical step to the task @dmprehensively evaluating
problems of fragmentation so that we may move fodwaith Ecosystem-Based
Management. Although laws are publicly accessilles identification and
compilation of relevant laws that represent botHtiomal and multiple state
jurisdictions is a substantial undertaking. As gset prove useful, a more
systematic corporate or government driven collecitould be conducted in the
future to update this collection, as well as toegate a similar compilation for other
regions. But first we must prove the utility forighcollection by developing

techniques to measure fragmentation in ocean law.
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Chapter 4 Gaps Analysis Concept and Technique

INTRODUCTION

In the United States, management of the mariner@nwment traditionally
has been divided into individual sectors, suchrassportation, mining, and fishing
(USCOP 2004). Historically, the government has latgd the marine environment
through case by case lawmaking within these sectoreactionary and piecemeal
approach to the management of marine resourcec(iKme¢ al. 1988, Miles 1989,
NRC 2001). The combination of growingoastal populations and advanced
technology has resulted in a higher degree of ocsas. The increased stress on
ocean resources compounds the fragmented regulappyoach, leading to
inconsistent management and a lack of coordinagicnoss political jurisdictions
and between marine management sectors (USCOP R08dw and Colgan 2005,
Crowder et al. 2006).

When one sector makes a decision, it can reaulinintended negative
consequences for other sectors (Young 2002). Fstamce, the shipping and
transportation sector regulates critical managensentponents such as collision
prevention, response to hazardous spills, traffrees, and port facilities (USCOP
2004). Over time, the transportation sector’s @ty will increasingly impact other
marine-related uses, such as recreation, miningy fishing. Impacts to the fishing
sector occur, for example, when the dredging denendintain shipping channel
depth degrades estuarine habitats. This practmgajdizes spawning and nursery

habitat for commercially important species. Thetinrelationships between sector-
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based activities and ecological systems must beageth for comprehensively
(Kennish 1992, Sutinen et al. 2000, Juda and Heaye2001), with a body of
regulations that take into account the overlapmagire of marine sectors (Imperial
and Hennessey 1996). However, as a result of #ggrfented management, each
sector has focused on its own interests withouingakesponsibility for the
unintended side effects that result from its deaisi Thus, governance as a whole is
filled with management gaps.

Both the U.S. Commission on Ocean Policy (USCO®2@nd Pew Ocean
Commission called for the implementation of ecosysbased management (EBM)
as a solution to mitigate detrimental impacts a& ¢bast and oceans in the United
States (Pew Oceans Commission 2003, USCOP 2004)wevés, the
implementation of EBM requires the strategic coeation of marine management
decisions within sectors and government agenciasi€tdial 1980, Slocombe 1993,
Imperial and Hennessey 1996, McLeod et al. 2006)hé task of restructuring the
existing fragmented management system, the follgwunestions arise:

» What systems are the most riddled with gaps?

* How do gaps vary by location and ecosystem?

» What issues cause the gaps for a specific location
Answering these questions will give us data touge as a baseline for monitoring
improvements over time, 2. measure the impact afrfrentation on ecosystem
health, and 3. prioritize the problems to be solvadged on location and severity of

fragmentation.
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BACKGROUND OF APPROACH

This paper addresses the fragmentation of ocearagement, a significant
source of deteriorating ocean health. Common ttoséased governance systems,
two fundamental problems consistently appear irmnagaanagemengverlapsand
gaps(Young 2002). This paper focused on gaosproblem in ocean management
systems.

Gap definition

To define this project’s use of the tegap, | return to the idea of how one
sector’s actions can unintentionally impact theeetizeness of another sector. For
example, the shipping and transportation sectaeslging activities, if conducted
without proper constraints, can destroy habitatdulsg fish nurseries. Take the
circumstance in which the shipping sector doesadlress the impact of dredging
on fish nurseries, nor do the sectors of fishesiesonservation provide protection
of this habitat from dredging. In this situatiore tfailure of any management system
to address this dredging-habitat relationship g&aj which can wreck havoc on the
fisheries sector and ecosystem health.

For the scope of this projectgapin management is whencatical linkage
between two components of a system for a givenepligc not addressed in
management (represented by statutes and regulatiomisagesrefer to interactions
among species, habitats, biophysical conditiong] aoman stressors. In the

example above, the dredging that impacts fish myisabitat (such as eelgrass) is a
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linkage. The concepts of system components anddes are borrowed from the
discipline of systems ecology (Kitching 1983, OdL&94).
Systems ecology and conceptual modeling

The systems branch of ecology, which derived frantombination of
systems theory and ecology, focuses on studyingooasnts and interactions (or
linkages) between the components as a system (Qfigd). Systems ecology
emphasizes the importance of economic activity,ietalc values, and human
stressors as logical components of an eco-sysiemg aith the more conventional
ecological components of species and habitats. example, salmon depend on
estuaries for safe nursery and spawning habitatgalbe coasts of California,
Oregon, and Washington (NRC 1996). To understahmasawithin the context of
the ecosystem, the systems approach recognizesl#tenship that exists between
this species and the estuary habitat and also bativeman activities (i.e. dredging)
and the nursery habitat (Nehlsen et al. 1991).

There are a variety of designs used to depict @exklop ecosystems,
ranging from illustrations to energy circuits (Hegig1993). This project employs
first an illustrated conceptual model, which isdise develop a box diagram (with
defined components and linkages). Then this diagiaroonverted into a linear
matrix of system components and relationship. Bmd interaction matrix is used
by Sutinen et al. (2000) to organize ecosystemividiets and resources by listing
them along each axis. Matrix cells represent pa@knnteractions or linkages

between the components listed in a particular colamd row of the matrix. These
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matrices have the capacity to inventory, organind axplore relationships or
linkages among human uses, ecological componerdspearscesses of the LME
[Large Marine Ecosystem],” (Sutinen et al. 2000hisT project uses the same
organization for ecosystems of smaller scales fuclvdata exists.

Conceptual models are used in practically alliglses and walks of life to
“help clarify loose thoughts about how componerita gystem are related to one
another” (Thom et al. 2003). Modeling the conceptuaationships among
components of an ecosystem is one of the first gsarg steps for conducting
ecosystem-based management or ecological restofatgects. Without at the very
least a conceptual definition of the relationshipstween components of an
ecosystem, decision-makers cannot strategicallyepromaintain, or address the
interactions that are critical to the functionaldf ecosystem services (Thom et al.
2003).
Institutional fit (or misfit) to ecosystems

The legal gap analysis technique was developeddbas the idea that
environmental management systems “should fit ptegseof the ecosystems with
which they interact” (Young 2002). This has beemdaestrated through discussion
of spatial and temporal types of misfit, as disedsby Crowder et al. 2006.
However, combining Young's (2002) definition aboweth a systems ecology
approach, another type of fit between institutiand an ecosystem — perhaps more
basic — can be investigated. This other type ofdit be revealed by exploring the

degree to which an ecosystem’s components and gaskaare reflected in
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management. The term “management” is used integdaty with “institution,”
both of which refer to rules, rights, and decismaking procedures that guide the
behavior of human use of the coasts and oceans (@D, Young 2002). Within
the traditional marine sector-based approach, igiceance between institutions and
the ecosystem is common (Christensen and et ab,1P&wler and Treml 2001,
Ebbin 2002). In trying to identify particular gapbjectively and quantitatively for
any given ecosystem, the legal gaps analysis $p&sifically for whether critical
relationships between ecosystem components aextedl in management laws and
regulations. Again | return to the linkage betweeedging and estuary habitat, but
now in terms of management. Ideally, this linkad®wd be reflected in the
management system regulating the species, theahabitd their interaction. In
addition, if there are more components in the #neadimpact estuary habitat, such
as dredging activities, then a relationship ordigé exists between this activity and
the habitat. If management fails to take into act@ach linkage, the result igap.
Opportunity for filling management gaps

The time to rigorously assess and mitigate thes gampcean management is
long overdue. The Stratton Commission in 1969 resyl that fragmented ocean
management threatened marine ecosystem health asdurces (Stratton
Commission 1969). Over two decades later --in 2808 2004 -- the Pew Ocean
Commission Report and the US Commission on Oce&dayfeport confirmed the
problem of regulatory fragmentation, but also fouhé oceans in a more dire

condition. With the present momentum, there is gomapportunity to actually fill
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the gaps and coordinate the overlaps opens to yPohiakers (Pew Oceans
Commission 2003, USCOP 2004, McLeod et al. 2005eRberg and McLeod

2005). Realizing the goal of a coordinated systérmogan management requires
objective analyses of gaps and overlaps in ocearagegment. A reasonable place
to begin is with a dedicated analysis of the lawsently guiding and regulating use
and abuse of ocean and coastal resources. Thig paperibes a technique to
address gaps in management using a comprehendivef seean-related laws.

While the statutes and regulations only represemt pf the documents guiding

marine management, they provide an essentialdfiest to view the management of
oceans as a whole. Ideally, other documents, ssigo@ernment Memorandums of
Agreement, management plans, meeting notes, antl case briefings, would be

added to future analyses.

Analysis of all ocean-relevant laws, whether ga#ire or quantitative, is no
trivial task. The enormous number of laws aloneeads the challenge ahead in
untangling regulatory fragmentation. Figure 4.presents a graphical depiction of
a small sample of coastal and ocean managementalagivsheir interrelationships.
The diagram illustrates the complexity inherenttiese large and fragmented
sectors. The California Ocean Protection Counagntdied over 300 California
State laws for qualitative study from the Calif@r€ode pertaining to the ocean.
This list compiled nearly 6,000 sections of law addes not include the
administrative code (known as regulations). Anyhafse laws have the potential to

interfere with one another, resulting in 44,850 bamations of possible interactions
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between laws. This represents over 10 million doatibns of interactions between
sections of law — a massive task to conduct quizily. While qualitative analysis
of legal gaps can reveal detailed comparisons amamrgall collection of laws, it is

important to conduct these studies utilizing a mabgctive assessment of laws.

W shelifish 10
dredg| -.,
o o 1le

B =clrass’
Figure 4.1. Graphical depiction of the complex entaglement of laws and
regulations managing interlinked components of anstuarine system. Small
circular nodes represent individual sections of Cdflornia law and regulation.
Each law connects to a square node representing asosystem component.
Multiple laws connect many of these components t@eh other. Not all links in
the ecosystem are addressed in the laws, such as thissing link between
seabird and eelgrass.
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Text analysis
Text analysis has provided a useful method in ndisgiplines to quantify

relationships between documents (Bernard 1998, &deres and Ribeiro-Neto

1999, Krippendorff 2004, Lau et al. 2006). Receninense growth of digital data

requires more intelligent techniques to make sensef the available information.

Thus, much of the innovation in text analysis hasuored within university

computer science and statistics departments, dsase&chnology-based companies

(Feldman and Sanger 2007). These researchers tratege interest in perfecting

text mining and information retrieval algorithms dartechnologies. Classic

document analysis techniques use variations of keywr term frequency counts to

identify relationships between documents (Baeza¥and Ribeiro-Neto 1999).

More recently, structure has been woven into sooméenit analyses (Wan and Peng

2005, Lau et al. 2006). Classic document analyseslly include probabilistic

modeling, Boolean modeling, and Vector Space Maodglall of which can use

keywords or index terms to represent each docunmeat given collection. The

Boolean and probabilistic models only assign binaeyghts to index terms so that

measures of similarity may result in eitr@milar or different output to quantify

relationships between documents. Conversely, ttetové&pace Model assigns non-
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binary weights to index terms in documents to meassimilarity between
documents (Lau et al. 2006).

At the core of these analyses igeam-document matrjxwhich organizes
terms in a table according to the frequency of aerce in each document (Table
4.1). This type of matrix can be generated for kection of text documents using
Matlab®. Drs. Dimitrios Zeimpekis and E. Gallopoulos frotine University of
Patras in Greece provide a free add-on Matlab too(@ext to Matrix Generator)
that generates a term document matrix and terndictionary for a collection of
documents (Zeimpekis and Gallopoulos 2006). Usarsahoose local and global
weighting schemes, remove common words from theixpatnd count stems of
words (using Porters Stemming Algorthim).

Table 4.1. Example of a term-document matrix. Thealls represent the raw
term frequencies for each document.

Term Docl | Doc2 | Doc3 | Doc4
crab 2 0 0 0
estuary 1 0 3 0
fishery 6 0 2 6
kelp 0 1 0 0
lobster 1 0 0 0
mussel 0 0 6 0
tuna 0 0 0 7
upwelling | O 2 0 0
wave 0 1 0 0

Document analysis can be useful in answering guesiabout fragmented
management because it identifies and calculatemicetypes of relationships

between the terms within the laws. The Engineehirigrmatics Group at Stanford

85



University is conducting research through the Redtreject, to address problems
caused by the “complex, diverse and extensive” arthofi US Federal and State
business domain law. Their project focuses spedifion the effects of fragmented
laws in construction and business management atel @aality (Lau et al. 2006).
With comparable proposed outcomes, this papertwathe current inefficiencies of
U.S. and State laws regarding marine regulationnaanagement.
Network Analysis

Social sciences such as anthropology, sociology,psychology also apply
text analysis to generate quantitative data (Beri®98). Systems of coding and
survey response data can reveal answers aboutl s@diges, socio-economic
impacts and relatedness between individuals orpgrofinalysis of networks in the
social sciences enable researchers to understamditnd why populations relate to
one another, as well as to investigate communicatia distribution of information
(Carrington et al. 2005, Hanneman and Riddle 2008 development of more
robust statistical procedures, utilizing automatemhdom permutations, has
increased digital information capacity (Krippendo2004) and enables the
processing of more rigorous statistical procedumesetwork data (Huisman and
vanDuijn 2005). A variety of software packages im@de solely to conduct social
networking analyis, including Pajek, UCINET and Bietw. UCINET, arguably the
most comprehensive network software, allows the tes@nport network matrices
and conduct various statistical procedures (Huisarah vanDuijn 2005). The user

can perform network multiple regression, Quadr&gsignment Procedure (i.e.
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correlations between networks), and ANOVA, all dfieh can be computed using
network data (Borgatti et al. 2002).
Application of text analysis and social network ankysis to EBM

This paper demonstrates a technique that idest#rel measures legal gaps
in ocean management by combining systems ecolat, mining, and social
network analysis. An ecosystem can be modeledretveork comprised of a set of
components and the linkages connecting those coemp®no each other (Johnson
and O'Neil 2001, Roloff et al. 2001). In fact, defig the ecosystem components,
services, and stressors is one of the first nepestaps to implementing EBM
(Huggett 1993, Thom et al. 2003, McGinnis 2006)c®©the practitioner defines the
ecosystem’s components and linkages, their modelbeaconverted to a matrix
(Borgatti et al. 2002, Carrington et al. 2005). Tdigective of this process is to
identify the links in the ecosystem that are absemh the regulatory body of laws.

To demonstrate how this technique measures gapsuiime law, | must first
model the components and linkages of a particutasystem. When modeling an
ecosystem, the network consists of componentsatigatonnected, such as through
energy transfer, within a defined, often arbitraspatial area (Huggett 1993).
Components may include species, biophysical fadfioes habitat and processes)
and other inputs (i.e. stressors) (Odum 1994). Moglean estuary as a network
illustrates the components of an ecosystem andntioéive linkages connecting
them (Kennish 1992). In the estuary example, eachponent is dependent on or

has impacts on the health of another componenté¥aB). These characteristics of
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estuarine ecosystem components are commonly faurabtuaries throughout the
northern coast of the California Current LME, irdilhg: Humboldt Bay in
California (HBHRCD 2006), Tillamook, Yaquina and @0Bays in Oregon, and
Willapa Bay and Grays Harbor in Washington (Huppral. 2003, Parrish et al.
2003).

Table 4.2. Selection of interconnected components estuaries throughout
northern California, Oregon and Washington.

Ecosystem
Components
Eelgrass
Salmon

Seabird

Crab
Biophysical Habitat | Estuary

/ Processes Ocean

Sewage outflow
Pesticide run-
off

Dredging

Species

Human Stressors

Along the northern sub-region of the Californiar@at coast, estuarine
habitat is crucial for a diverse array of specidsmerous fish species, such as
salmon, lingcod and tuna, depend on estuaries doseny or spawning habitat
(Parrish et al. 2003). Black BranBranta bernicld and other seabirds rely on
estuarine habitat for food and nesting (Colwell4,99100re et al. 2004). Estuaries
also provide humans with safe shipping ports, eappgcalong the U.S. Pacific
coast, where few safe inlets exist naturally. Meezp estuaries collect drainage

from upland watersheds. They bear the brunt of pmint source pollution in the
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form of abundant nutrients, chemicals from sewagkagricultural runoff (Kennish
1992).

The components and linkages, illustrated in Figuga (as a network) and
Figure 4.2b (as a matrix), originate from literauassociated with the coastal
northern California Current, including peer-reviegerature (Huppert et al. 2003,
Parrish et al. 2003, Moore et al. 2004), estuarynagament plans (HBHRCD
2006), a report from the Pacific Northwest Coagiabsystems Regional Study

(Litle et al. 2000), and other works (Silliman 194bhnson and O'Neil 2001).

B O N 4
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o2l | & el o ﬁ @
=| & 2| €] 5| &| @ &| @
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Gl al8] Gl G| S| 8] 5| & &
crab 0| 105 1 1 1 1 1]05
seabird 1] 05| 05 1 1105 1 0
eelgrass 1 11 05 1 1 1 1
salmon 05 1 11 0.5/ 0.5/ 05
shellfish 1 1 1 1 1
ocean 11 0.5/ 0.5/ 05
estuary 1 1 1
dredge 0] 0
'almon pesticide 0

Figure 4.2. Ecosystem model demonstrating linkagdsetween components
(Table 2) that are found in estuarine systems in mthern California, Oregon
and Washington. A. lllustration of components andihkages; and B.
Represents modeled linkages with value of 0, 0.53é1. Thick lines in A
indicate a direct linkage (valued at 1 in the matrx B). Thin lines in A represent
indirect linkages (valued at 0.5 in the matrix). Tle values represent different
strengths in linkages, which could be expanded to @ne values in future
ecosystem models. Direction of the representatiori the linkages (energy
transfer, dependence and stress) is not necessaoy fext analysis purposes.
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Comparison to Model of Sector Management System
To test the strength of our modeling strategy, plieg the analysis

technique to a primarily man-made sector-basedesyst chose to study the
Shipping and Transportation system because itsliméed components exist
throughout California, Oregon, and Washington. Alsome of this sector’'s
activities occur in estuaries. The Shipping and n$partation system was
represented with the selection of following compuse vessel, dredge, port,
navigation, ballast, spill, collision, and traffi€igure 4.3 illustrates the modeled
linkages. Performing the gaps analysis on the nsodeh sectoral system such as
Shipping and Transportation and an ecosystem nadid&led testing of the analysis
techniques. If the findings were to reveal a higihegree of mismatch (from gaps)
for the ecosystem model compared to that of theoserodel, this would verify the
potential of the technique to depict informatiomttltorresponds to management.
Conversely, if the sector and ecosystem modelspuiuteveal similarly high
correlation, these data would not reflect the sarisite difference between
management of these systems. The central hypstbéghis paper is that all or
most of the linkages in the sector model exishanlaws, demonstrating that a lesser
degree of mismatch exists within laws managingnglsisector’'s components than
within the laws addressing components of an eco&bgsystem across various
sectors. In addition, the hypothesis is that mdsihe linkages of the ecosystem

model do not appear in law.
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Figure 4.3. Components of the Shipping and Transpdtation sector
conceptually modeled system. A. lllustration of comonents and linkages; and
B. Represents modeled linkages with value of 0, Q&nd 1. Thick lines in A
indicate a direct linkage (valued at 1 in the matrx B). Thin lines in A represent
indirect linkages (valued at 0.5 in the matrix). Tle values represent different
strengths in linkages, which could be expanded to @ne values in future
ecosystem models. Direction of the representatiori the linkages (energy
transfer, dependence and stress) is not necessaoy fext analysis purposes.

DATASET

Text analysis was conducted on a collection afeséd national laws for
the U.S. portion of the California Current Large riia Ecosystem (CCLME). To
improve management of the marine environment, mat@wnal organizations and
national and state governments have adopted the laarine ecosystem (LME)
concept. On the magnitude of 200,000°kitMEs “are regions of ocean space
encompassing coastal areas from river basins amdare=s to the seaward
boundaries of continental shelves, enclosed and-secosed seas, and the outer
margins of the major current systems,” (ShermarbR00OMESs spatially cover the
most economically, politically, and ecologically portant portions of the oceans

worldwide (Wang 2004). The California Current Lafgarine Ecosystem consists
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of one of the most well-documented marine ecosystenthe world (Lluch-Belda
et al. 2003) providing a useful geographic scopentestigate ecosystem-based
management issues. Because state and national ngmemtr agencies have
jurisdiction over marine waters in the U.S.A. potiof the California Current LME
geographic scope, the collection contains laws fidfashington, Oregon and
California and the United States. Both state arttbnal level laws are included.
“Laws” refer to both codified statutes and codifieeldministrative code
(regulations).

I chose the laws by searching legal databasesdoh jurisdiction for the
terms “marine” “coast” and “ocean.” | conducted tiext analysis at the scale of
“section” because it is the smallest unit consitgensed across jurisdictions,
enabling a higher resolution of analysis (Krippenfid®004).

The selected collection, totaling 1,433 sourceudwents included codified
statutes and regulations from the Federal UniteateSt California, Oregon and
Washington. Using Digin Pro Version 1 (http://ttevom), | divided the source
documents into legal sections.

To prepare for text analysis, the sections of talected from the U.S.,
Washington, Oregon and California were fed throtigh Text Matrix Generator
(TMG) in Matlab (Zeimpekis and Gallopoulos 2006heTresult was a dictionary of
all unique terms in the collection and a generatibweighted term frequencies for
each document. Terms were stemmed so that wortsasutcrab” and “crabs” were

counted as the same term. Additionally, the TMAkow removed common words
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using a stop list of common words provided in thd@ toolbox. The completed
text processing generated a matrix composed oB85adcuments (sections of law)
by 33,347 terms and contained the occurrences loftainmed terms for each

section of law in the collection.

METHODS

The methodology to identify management fragmeomatincluded the
following steps: 1. creation of a term-document nradf ocean laws to produce a
law network in which components of the system asetained within a defined
system model, 2. execution of a correlation teshéasure the degree of statistically
significant association (R) between the linkagesthe ecosystem model and
linkages in the laws, 3. calculation of the ratfdemal gaps to system linkages (G),
and 4. identification of thosgapsor specific modeled links absent from the law

compilation.

Generating Law Networks of Modeled Components

Laws for Shipping and Transportation System Model
In an effort to focus the investigation, | proddaesubset of the large term-

document matrix for the laws containing terms reprgative of each component in
the Shipping and Transportation model. This geedrat smaller term-document
matrix. The matrix was then divided into individyatisdictions, producing four

matrices of components (terms) by sections of @ec@ments) for the U.S. federal,
Washington, Oregon and California. | manually impdr these matrices into

UCINET (Version 6.176, Borgatti et al. 2002)) frdvtatlab Version 7.1, and used
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the Affiliation Function in UCINET to calculate theumber of laws co-occurring
between each pair of components. For each impdeted-document matrix, this
function produced a square matrix of componentgdmgponents, so that the values
of the cells are the number of laws shared betveaeh pair of components. These
affiliation matrices were structurally parallelttte modeled network.
Laws for Estuary Model

The steps performed for the Shipping and Tranaport model were then
repeated for the Estuary Ecosystem model. Congreenthe Shipping and
Transportation model output, the Matlab query a@INET conversion produced
four affiliation matrices (one for each geopolitiparisdiction) that were structurally
parallel to the modeled estuary network. | thempared each affiliation matrix
with the ecosystem model matrix to find the misdings in management. It was
also critical to measure just how mismatched eadsdiction is in relation to the
ecosystem it is meant to manage.
Measuring gaps from fragmentation

The affiliation law matrices and their respectsystem models were used to
measure fragmentation. | applied two approachesmteasure the degree of
mismatch from gaps; first, the correlation betweetworks (R) and second, the
ratio of weighted gaps to links (G).
QAP Correlation (R)

A network analysis statistical procedure was fistd to evaluate the overall

mismatch of the laws for a given sector or ecolalgsystem. | calculated the degree
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of similarity between a law matrix and a system giodtilizing the Quadratic
Assignment Procedure (QAP) correlation. The QuadrAssignment Procedure
(QAP) computes the correlation between entrieswaj square matrices, “and
assess|es] the frequency of random measures ae ksgactually observed”
(Borgatti et al. 2002). The algorithm provided b€ MET software has two steps:
In the first step, it computes Pearson’s correlatmmefficient . . .
between corresponding cells of the two data madrida the
second step, it randomly permutes rows and columns
(synchronously) of one matrix (the observed matifx,the
distinction is relevant) and recomputes the cortiela and other
measures.
The second step is carried out [ten thousand] tinmesrder to
compute the proportion of times that a random measilarger
than or equal to the observed measure calculatextap 1. A low
proportion (<0.05) suggests a strong relationshiptiween the
matrices that is unlikely to have occurred by clrean®orgatti et
al. 2002)
Two types of QAP Correlation results exist for measy fragmentation. First, high
similarity (high correlation measurement) with higignificance (low p-value)
shows that linkages in the modeled system are agedesimilarly in the laws. This
result has two potential interpretations. It mayead a good fit for the management
of the system. Alternatively, a high correlationnceeflect a different problem
caused by fragmentation — overlapping jurisdictiortss problem occurs when too
many agencies manage one issue or resource withufitient inter-agency
collaboration.

A second type of QAP Correlation results is a@atron value that is (or is

close to) zero. This result demonstrates high légamentation (or mismatch) for
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the modeled ecosystem, revealing policy-makersk lat consideration for the
modeled ecosystem linkages.
Additional QAP Correlation: Comparison of Jurisdants

An additional set of QAP Correlation tests werefgrened to compare
one jurisdiction’s affiliation law matrix with thaif another. A high correlation
reveals that the two jurisdictions dealt similanhith linkages between modeled
components (indicating a potentially good fit amahg political jurisdictions).

A zero correlation reflects that the two jurisdicts did not address linkages
similarly, which indicates a lack of fit betweenetlinstitutions. A negative
correlation (p-value <0.05) indicates that onesdiction addressed linkages that
the other did not (or some variation of difference)

Ratio of weighted gaps to links (G)

Following the QAP tests, a basic calculation obmatch was performed
based on the number of observed gaps relativeetmtimber of modeled linkages.
The strength of the ecosystem linkages, directiaddect, was taken into account
by weighting the associated gaps as primary vsorgkry, respectively. The
different weighting of gaps in law was calculatgddividing the secondary gaps by
two, so their existence was worth only half thathe primary gaps. The degree of

fragmentation is the average weighted ratio of dapeodeled links (Equation 1).
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PG , (05)SG
G=PML  SML
0.75

Equation 1. “G” represents the proportion of legalgaps to modeled links. (PG
= Primary gaps; PML = Primary Modeled Links; SG = Secondary gaps; SML
= Secondary Modeled Links)

This measur& serves as an index of the degree of mismatchgh &core
indicates a high number of gaps, while a lower scodicates a closer match
between the institutions and the conceptually nextiesystem. This enables
comparison across jurisdictions within the sametesys models, as well as
comparisons across different modeled ecosystenen Ewa system resulted in high
positive QAP correlations, this second test pravide useful evaluation of the
number of specific linkages in a system absent fiamn
Identifying Gaps

To determine specific legal gaps for each jurisoin; | identified the
modeled linkages that scored zero in each law ralhese gaps reveal instances
where two terms (that represent different companant given ecosystem) did not
appear together in the same section of law forrtacpiéar jurisdiction.

In addition, | identified region-wide legal gaps ach model using the sum

of all four law matrices. An existing linkage saugizero for the sum of matrices

revealed gaps that are common to all four jurisoinst

RESULTS
As described in the methodology above, a comlmnabf Matlab and

UCINET analyses were used to generate the linkbgéseen laws for the two
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modeled systems. Results were reported first ferShipping and Transportation
modeled system and then for the estuarine ecosystael. In summary, the sector
model measured low mismatch for both metrics ofrfrantation. In addition, zero
legal gaps emerged. The ecosystem model measuledniismatch according to the
QAP Correlation tests (ranging from -0.078 to 0)1&8d the G ratio (ranging from
20% to 66%). Various legal gaps emerged for eacgdiction.

Sector Model System (Shipping and Transportation)

Figure 4.4 indicated the sums of sections of ldat tcontained each
component of the transportation system model foh@arisdiction. A total of 1209
sections of law for Washington, 577 sections foregan, 2399 sections for
California and 9367 sections for the United Staieder to at least one component.
For each jurisdiction, affiliation matrices wereeated using UCINET's affiliation
function which calculates the number of laws cowwdog for each pair of

components.
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Figure 4.4. Number of law sections that contain eaderm (representing
components of the modeled transportation system).

Measure of Fragmentation- QAP Correlation (R)
To apply the first method of measuring the degreragmentation, | used

UCINET Version 6.176 (Borgatti et al. 2002) to tést similarity between the
square affiliation matrix from each jurisdictioncathe matrix representative of the
transportation system model. QAP correlation tgstsluced a list of correlation
coefficients and associated p-values (Table 4.3nufnber of linkages between
components of the transportation system surfacethénlaws for Washington,
Oregon, California and the United States. Laws athegeopolitical jurisdiction

showed strong statistical significance in theiati@inship to the modeled sector.
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Table 4.3. QAP Correlation (R) results for links béween the modeled Shipping
and Transportation system components and section ¢dws.

Comparison of sector = p-value
model with:

Washington 0.376 0.002
Oregon 0.452 0.002
California 0.389 0.044
United States 0.418 0.027

Additional QAP Correlation- Comparison of Jurisdasts
Following the fragmentation measurement, the QéiPetation procedure in

UCINET was run to quantify the extent of similardggnong the law data matrices of
California, Oregon, Washington, and the U.S. Tahk shows that the linkages
between the laws of all four jurisdictions are Istlg more similar to one another,
more similar than any one jurisdiction is to thedeled linkages between modeled
components. For each comparison, the probabiligt R occurred by random
chance is, or is close to, zero. For example, Talleshows that the law affiliation
matrix for Oregon laws was highly similar to thdt@alifornia laws with a 0.941

correlation (p-value < 0.001).

Table 4.4. This table demonstrates the correlatiobetween jurisdictions for
how the transportation system model linkages are feected in laws. Horizontal
comparison refers to inter-state comparison, whil¢he vertical comparison

refers to relationship between federal and state \els of management.
Comparison Comparison between
; ) R p-value
type law matrices of:
Washington and 0.885 < 0.000
Oregon
Washington and 0.928 < 0.000
Horizontal California . .
Oregon and California 0.941 < 0.000
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Washington and U.S. 0.885 0.002
federal
. Oregon and U.S. 0.857 0.004
Vertical
federal
California and U.S. 0.821 0.009
federal

Measure of Fragmentation- Ratio of weighted gapgies (G)
The second measure of fragmentation (G), calculate@ach jurisdiction,

resulted in zero percent for each jurisdiction lseano missing linkages appeared
among the relevant laws. This result indicates thate is no mismatch for this
second method of measurement.

Legal Gaps Identified

For the laws of each jurisdiction all of the mastklinks are greater than
zero, indicating that this sector has no legal demia/een its modeled components.
Ecological System (Estuarine)

Figure 4.5 displays the composition of legal sewi for the estuarine
system. Sums of the number of law sections comgiaach term, and representing
a component of the system, are given for each diatisn. Using UCINET’s
affiliation function | created affiliation matricesith the sum total of the laws for
Washington (1061), Oregon (778), California (13a8d U.S. federal level laws
(1848). This process generated sums of the numfbaws in which each pair of

components occurs.
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Figure 4.5. Number of law sections that refer to ezh term that represents a
component in modeled ecosystem.

Measure of Fragmentation- QAP Correlation (R)

Using UCINET again (Borgatti et al. 2002), | coothd a test for
similarities between the square affiliation matfiiam the laws of each jurisdiction
and the matrix representative of the estuarineegyshodel. These QAP correlation
tests generated a list of correlation coefficigfitable 4.5). Table 4.5 shows that
linkages between components of the estuarine systemnot recognized as
statistically significant in the laws. All correlahs are close to zero with the 18% to
34% probability that this result is no differenathrandom.

Table 4.5. QAP Correlations (R) and statistical sigificance (p-value) between
ecosystem model and law data.

Comparison of ecosystem R val
model with: p-value
Washington 0.16 0.23
Oregon 0.178 0.18
California 0.101 0.343
United States -0.078 0.327
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Additional QAP Correlation: Comparison of Jurisdants
Next | ran the QAP correlation procedure in UCIN®BTquantify the extent

of similarity between the law data matrices of @ahia, Oregon, Washington, and
the U.S. Table 4.5 indicates that the linkages betwlaws of all four jurisdictions
highly correlate to one another relative to thergations between the ecosystem
and law data. Comparing Table 4.5 with Table 4.Glesizes the substantially
higher correlation between laws in the four jurcsidins.

Table 4.6. QAP Correlation test results (R) and stastical significance (p-value)
for estuarine ecosystem linkages reflected in lavegross different jurisdictions.

Comparison between law
! ) R p-value
matrices of:
Washington and Oregon 0.634 0.008
. Washington and California | 0.469 0.031
Horizontal Oregon and California 0.772 0.001
comparison
Washington and U.S. 0.306 0.104
, national
Vertical Oregon and U.S. national | 0.284 0.096
comparison e
California and U.S. 0.656 0.008
national

Measure of Fragmentation- Ratio of weighted gapéaiks (G)
The degree of fragmentation was calculated for gabdiction, as shown

in Table 4.7. For the estuarine model, Califorraevd measured the highest G of
66%, while Oregon and the U.S. federal ranked st@nd third (61% and 56%
respectively). Washington laws ranked the leasignrented for the tested

jurisdictions, with only four links missing froméhmodel’s primary linkages (20%).
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Table 4.7. This table presents the degree of misnudt (G) for the estuarine
model for each jurisdiction. The table includes thegrimary and secondary
links and gaps counted to calculate G.

Degree of
Geopolitical mismatch from
jurisdiction Measurement Primary Secondary gaps (G)
Gaps 4 1
1 0,
Washington 27 13 19.94%
Links modeled
Gaps 11 4
Oregon 61.25%
27 13
Links modeled
Gaps 11 5
California 66.38%
27 13
Links modeled
United States |-G@PS 11 3 56.13%
Links modeled 27 13

Legal Gaps Identified
Across all four jurisdictions there were two prima&cosystem links absent

from law: eelgrass-pesticide and eelgrass-crabreltvere no secondary ecosystem
links missing for all jurisdictions. The majorityf dhe legal gaps present in
individual jurisdictions include eelgrass. Table8 4isplays each modeled link
missing from the law matrices for each jurisdicti@ircle symbol). In addition,

Table 4.8 contains the number of sections (if ahg} refer to component dyads in

the model.
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Table 4.8. This table presents the dyads of compents in the ecosystem model.
Circle symbols (@) indicate relationships that are not linked in thelegal system.
For example, there is no section of law in the cealction containing both the
terms “crab” and “eelgrass,” which was a primary linkage in the ecosystem
model (Figure 4.2).

Interaction Type Interaction US|WA|[OR | CA
crab-eelgrass [ ° ° °
crab-shellfish 4 32 |11 |1
salmon-eelgrass ° 2 ° °
shellfish-eelgrass | e 12 | e °
crab-ocean 12 |11 (34 |11
crab-estuary 1 5 7 2
seabird-ocean 9 2 3 °

Primary .
seabird-estuary ° 2 ° °
_species_ /habitat eelgrass-estuary | o 2 2 o
Interactions salmon-ocean 23 [36 |66 |35
eelgrass-seabird [ 1 ° °
salmon-estuary 5 11 |8 6
shellfish-ocean 53 [29 |14 |12
shellfish-estuary 16 |11 |6 6
estuary-ocean 45 118 |28 | 35
crab-salmon 9 23 |17 |5
salmon-seabird ° 3 ° °
Secondary :
shellfish-salmon 5 51 |17 |2
eelgrass-ocean ° 2 1 °
dredge-crab 5 1 2 °
pesticide-crab ° ° 1 1
pesticide-seabird | e 2 ° °
Interactions dredge-eelgrass [ 7 ° 1
between pesticide-eelgrass | e d o d
species/ Primary
habitats and sewage-eelgrass (e |2 ° °
stressors dredge-shellfish 28 119 |2 5
pesticide-shellfish | 11 | 3 ° 7
sewage-shellfish 15 |21 | e 11
dredge-estuary 12 |15 |7 10
pesticide-estuary | 7 [ 3 5
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sewage-estuary 16 | 4 2 2
sewage-crab ° ° 1 °
dredge-seabird 6 2 ° °
dredge-salmon 5 4 2 2
Secondary | pesticide-salmon | 2 5 ° 2
sewage-salmon 1 2 ° °
dredge-ocean 99 (12 |7 18
pesticide-ocean 23 |1 2 7
sewage-ocean 38 | 4 3 13

DISCUSSION

Results of the combined tests proved to have m®rfor measuring and
identifying gaps in ocean law. The following dissias interprets the results for
both modeled systems and examines ways to refiadetthnique to improve its

utility in EBM efforts.

Interpretation of results

Sector-Based System
As predicted, the Shipping and Transportationesystnodel measured zero

fragmentation in both metrics. The QAP CorrelatigRy, comparing affiliation
networks of law linkages and the model system netwehowed positive
correlation to the laws in each jurisdiction. OVerkaws representing the sector-
based system were more consistent with the modsisttm than the ecosystem
law. Law networks from all jurisdictions were ssdittally significant when
correlated with the model. The second measure agnfientation from gaps (G)
revealed no mismatch for any of the jurisdictiofddditionally, there were no legal

gaps for any of the jurisdictions, further demoatstiy the ability of the
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methodology to provide quantitative analysis of whas been generalized about
ocean management. These findings affirm that théthodology can show the
integration of laws within a sector.

It was also found that management of this sewatas highly correlated
across geopolitical jurisdictions relative to thihey example. This illustrates that
both emphasis on components and linkages betwempatents were recognized
similarly horizontally among the States of WashamgtOregon, and California, and
also similarly vertically between each State aredfdéderal level of law.

Ecological System

As predicted, the modeled estuarine ecosystem edhavhigh degree of
legal fragmentation using the set of techniquesgared in this paper. Indicative of
fragmented management, the QAP correlations wepeogjmately zero for each
jurisdiction and lacked statistical significance emhcompared to the model run
against 10,000 random permutations of the law cegri Additionally, there were
several gaps identified for each jurisdiction vagyiacross jurisdictions. Eelgrass
consistently emerges as a component lacking sefficmanagement within its
ecosystem. This likely is due to the fact thatldves solely addressing eelgrass are
disorganized and thus fail to provide a foundationwell-managed connections
with other components. According to ecology litaratand management plans, as a
result of inadequate protection, eelgrass has leawvily degraded in the past
century (Short and Wyllie-Echeverria 1996, Duffy0BQ Orth et al. 2006). While 14

sections (four divisions) in Washington law used fbis analysis referred to
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eelgrass, only two sections (derived from the saogce document) in Oregon law
and one section in California law referred to tleenponent. No reference to the
species nameZpstera marina exists in the law utilized for the analysis. U.S.
federal law contained no reference to eelgrassriably all eelgrass links in the

ecosystem were identified as gaps at the natieval bf management. On the other
hand, this lack of emphasis on eelgrass may naatex problem, but rather this

species and its linkages may be covered with bro@des in law, such as through
the protection of “marine resources” in the CaliiarCoastal Act.

Beyond the disorganization within protective regidn of eelgrass in an
estuarine system, there were a number of gapsb#ttdér management practices
should address. California, Oregon, and the U.&.ndit have any section of law
referring to both the estuary and seabird comp@neam omission ignoring the well
established dependency of seabirds on estuariesftage (Litle et al. 2000, Parrish
et al. 2003).

Of even greater concern is that no section ofeStdt Washington laws
contains both the terms “pesticide” and “estuarfhe impact of pesticides on
estuaries in Washington and throughout the PacNiorthwest has been
scientifically established (Johnson and O'Neil 200he high number of sections
dealing with the two components separately dematestrsignificant management
responsibility; this legal gap might be a major reeu of the environmental
degradation of Washington estuaries. Another pdsgils that federal level law

covers this linkage; indeed seven sections of UeBeral law contain both
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components. However, if this linkage were undergble responsibility of national
law and agencies, then those linkages would aldo appear in Oregon and
California analysis. Alternatively, the gap may basleading because other
different terms representative of the two composiemére not used in the text
analysis. For example, the name of a specific gdsticould be queried to find if it
is mentioned in any sections of law with the keyavt@stuary,” or a query could be
done on like-terms, such as “bay,” “brackish wéaté&nlet,” tidal marsh,” or “river
mouth.”
Improvements to the Technique

From the initial quantitative analysis of this hague, it is evident that
ocean law is more fragmented in its managementcobystems relative to its
management of an individual sector/industry. Likesyithe statistical results reveal
the legal gaps in ocean management that are nogmeed in law. However,
several aspects of the technique could be imprdwedhe addition of terms to
represent components, adjustment of models todmepecific, and verification of
results with government agencies. Perhaps moshurgé¢he analysis of alternative
ecosystem models, to further test its performance.
Additional terms

For purposes of casting a wider net than posgibla simply querying a
single stemmed term, additional terms and phrasell ®e used to represent each
component. However, while sometimes it may prowapctive to apply alternative

terms and rerun the analyses, in some cases araigience to a general term, such
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asfish, may not be sufficiently focused to address a $igelthkage such as the
salmoncomponent.
Adjustment of Models

An additional improvement in the technique maytdeitilize the expertise
of ecologists and stakeholders to develop more rateuecosystem models that
focus on a particular place rather than span adhosge states. The generic models
proved useful for illustrating comparisons acrasssgictions, but the application of
this technique will be most valuable when applied&pecific locations. That output
will reveal the legal gaps in components, gaps shauld be addressing the social
values, activities, stressors, species and biopalysonditions of the place.
Verification

For maximized accuracy, these gaps need to bebmmated by interviews
or focus groups with marine ecologists, NGOs, ampdource managers. For
purposes of determining how accurately the legalyasims of location-based case
studies reflects management problems, interviewssanveys should be conducted
with resource agencies, marine scientists and sth&eholders.
Obstacles

Ideally this gaps analysis would be conducted a&cras variety of
representative ecosystems for the California Carrelowever, one of the main
obstacles to performing this analysis on a rangecoystems has been in obtaining
accurate, systematically generated, and completeepdual models. The technique

to find gaps in management through this analysmsagch would be most useful if
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a conceptual model, along with alternative modsbs provided by a diverse group
of stakeholders for a particular ecosystem or reghdatching the needs for diverse
stakeholders in ecosystem-based management prqgrams critical to the
performance of the gaps analysis that we work pitysical, biological, and social
scientists to create conceptual models of the etesywith best available science,
which should also reflect societal needs and values
Next Steps

Further research needs to be conducted on morelsadtest the usefulness
and interpretability of the technique. These mod#isuld provide analysis on a
variety of ecosystems and incorporate scales gfhysical processes and human
activities. For example, an ecosystem involvingogela, associated species, as well
as upwelling and other biophysical components ambdeled together to create a
subset ecosystem model, testable with this teclenilbuaddition, models should be
designed to exhibit real ecosystems for particplaces, increasing the complexity
of the model. These location-based ecosystem madstswill require alternative
models incorporating different words to represdm same components, or to

include different linkages between components.

CONCLUSION
The methodology presented provides a way to measund identify
fragmentation in management with regard to ecosysteApplication of this

techniqgue has the potential to improve ecosysteseda management.
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Fragmentation analysis grounded in quantitativefindd procedures extracts
baseline information for the identification of lafes and gaps in management.
Managers, ocean councils, NGOs and other EBM std#tefs can then promote
and monitor the progress of “de-fragmentation.” O#tee long term, the gaps
analysis can be aligned with ecological and socmemic data to gauge the
impacts of implementing EBM. Improved consideratiorlaw and by agencies of
linkages among ecosystem components helps to noeébgecal, economic and
societal goals in a way that sustains the resouncesghich they depend.

At this initial stage, the legal gaps analysissesly to see if the structural
and functional properties of the ecosystem areectddl in formal institutions. It
provides a step forward in understanding socioamiohl systems and the
institutional dimensions of environmental changeelft in its initial stages, the
analysis could provide useful baseline informatdaout existing governance of the
California Current. Gap analysis results may helghe design of EBM institutions
that increase the likelihood of successful stewapdsbecause the resulting
governance comprehensively reflects system compsnerelationships, and
functions.

This tool also highlights the importance pface in implementing EBM
(Young et al. 2007). By focusing the analysis giaze, stakeholders and scientists
can determine the core components of the locatamed ecosystem. Naturally,
scientific understanding of the area, as well asasoeconomic and cultural values

of stakeholders will drive the selection of compatse Combining scientific and
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local knowledge to understand stressors on an st@my produces multiple
ecological and social benefits.

Ultimately, implementing and monitoring the loregg+h effectiveness of
ecosystem-based management requires a quantitssessment of existing ocean
management across all sectors. The presented noédlggd with its capacity to
identify and measure legal gaps in specific locetjgrovides decision-makers with
a tool to tackle the major obstacle of fragmentatibrough ecosystem-based

management.
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Chapter 5 Overlaps Concept and Technique (technica )

INTRODUCTION

In the United States, the large and growing nundjelaws related to any
given issue or domain, such as building constra¢ctater quality, emergency
response, and oceans, is leading to inefficientiacmhsistent management. The huge
number of statutes and regulations can hinder id@ereaking involving both current
activities and emerging uses. For example, in tyel980s, while conducting
mineral exploratory assessments, seismic surveseiesinintentionally cut lines of
fishing traps set along the Southern Californiasto@his cutting resulted in derelict,
lost traps scattered along the ocean floor, a ¢assing direct economic impact on
fishermen and threatening future fish populationges the traps continued to catch
fish with no escape route (pers. comm. John Rid)a@ommercial fishermen had
set these traps under the permission of the CaiddDepartment of Fish and Game,
and the survey vessels operated under the authionzaf the California State Lands
Commission. The shared spatial jurisdiction betw#en Department of Fish and
Game and the State Lands Commissions became pratidenhen the two agencies’
permitted activities functionally interfered witm® another. Although the situation
was eventually remedied through a collaborativec@ss between the two agencies,
cross-functional disasters such as this one coeladvwnided if decision-makers had

information about management regulations of otlgenaies.

Regulatory measures permitting a new activity sthdug developed in the

context of existing legislation. Up until now, dgicn-makers have depended on
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gualitative legal evaluations to provide informatiabout existing legislation. While
this may be sufficient for small-scale issues ogngrin a manageable geographical
area, such as within one or two counties, a toopravide comprehensive and
guantitative data is needed for larger scale is3tvgh the number of laws continuing
to grow, a tool that addresses the scale and gensilaws and regulations is

necessary for future decision-making (Baron andnjon 2007).

Locating all applicable laws and their authoritati@gencies is no easy task.
Still, to avoid inconsistent and conflicting law-kiag, government agencies and
other stakeholders need objective baseline infaamaabout existing legislation.
Additionally, these data must be transparently peed so that decision-makers
unfamiliar with advanced information retrieval teajues can easily interpret critical
information. This paper proposes to employ infoioratretrieval techniques and
social network graphical representations that regeantitative information about
selected topics in the domain of ocean law.
Problem in context of oceans

As the health of Earth's oceans is pushed to itstdi by increasing
anthropogenic stressors, it is vital that we mdtecévely manage uses and abuses of
the marine environment. Uncoordinated ocean manageis a major source of
deteriorating ocean health and will continue tal@oblem under the current sector-
based management system (Crowder et al. 2006)thellJnited States, decision-
making for the marine environment is divided ingxtors such as fishing, mining,

and transportation, among others. Growing coastgulations, combined with
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technological advances, have greatly increasednogsa and led to the creation of a
massive body of government ocean regulation. Coupf¢h the morass of law, the

fragmented approach has resulted in overlappingdugtions, gaps in management,
and inconsistent regulation (Young 2002). As aseguence of the sectoral
divisions, the agencies with management authofignodo not consult or cooperate
with one another to ensure that permitted activitiee compatible. Lacking sufficient

coordination, the jurisdictional overlaps have bmeomajor culprits in damaging

ocean health (USCOP 2004, Crowder et al. 2006)cyrolakers cannot begin to

strategically fill problematic gaps in coordination address jurisdictional overlaps
without a comprehensive evaluation of the probl&wmcusing on the challenge of
overlap, this paper presents a simple but powersd of text mining and social

network analysis to systematically identify andrelecéerize who manages what in the
oceans. As the tool is further developed, the ohenusers are advisory boards of
ecosystem-based management (EBM) programs alongidke coast of the United

States.

In recent decades, the problems of uncoordinatestlapping laws and
agency jurisdictions have been highlighted by a Ineimof actors, including
proponents of ecosystem-based management (EBMjng&aet al. 1998, Crowder et
al. 2006) and marine protected areas (McArdle 19%0y instance, EBM is a
management approach developed to address problénsectoral management
(USCOP 2004). The implementation of this integrasggbroach requires tactical

coordination between agencies when making marineagement decisions. Thus far,
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advocates of EBM articulate fragmented managemaeauitlgms through a mix of
cases. These cases thoroughly and qualitativelgridesinstances of uncoordinated
overlaps, inconsistent regulations, incompatiblévaies, and cumulative impacts
(USCOP 2004, McLeod et al. 2005, Crowder et al.620Blowever, for both marine
protected area and EBM efforts, no comprehensiatysis has existed to compare
the degree of overlap across sectors. Such an simaly overlaps would equip
decision-makers with baseline information so thheyt can identify gaps in
coordination and incompatible regulations. Ideagifion of key agency control and
regulatory overlaps relating to any given managdniepic can assist effective
stakeholder communication, participation, and dentsnaking.

This paper demonstrates a simple, but formal,yarsgabf ocean and coastal

law that aims to answer the following questions:

* What ocean issues are the most fragmented in tefrmgerlap?

* A. What laws functionally overlap? B. What agencig®e involved in

implementing these laws?

Answering these questions provides data to: lerdebe the severity of
fragmentation by geographic location and ecosystgoe; 2. prioritize problems
based on location and severity of fragmentatiorseBve as a baseline for monitoring
institutional performance; and 4. measure the imgdcmanagement changes on
ecosystem health. More generally, the informatienegated from a comprehensive

and quantitative analysis of ocean laws can ask@sision-makers to define high
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priority areas more precisely. Moreover, empiricdbrmation provides a crucial
baseline vantage point for improved government ecatpon and future policy-
making.

Exploration of text mining applications to answerestions about overlap
required a collection of legal documents to repneseean and coastal management.
| used a compilation of laws that were manuallylemied in 2006 from publicly
accessible websites from four geopolitical jurisidics (federal and three states),
which is described in Chapter 3 of this dissertatidhe following Dataset section
presents the data and the metadata used. The PaynOverlaps Analysis section
presents the analysis methods used to exploreatiae The results of the preliminary
analysis are presented in the Results sectionhénDiscussion and Conclusion
sections, | present interpretation of preliminangdings and suggested future work to

fine tune the algorithm.

DATASET

Two sets of information were used in the overlapsysis: 1. term and phrase
frequencies extracted from a set of ocean and alodasivs; and 2. record of
authoritative agencies for each law. These datanagiddata were integrated for 46
topics representing various issues related to twene environment along the Pacific
coast of the United States (see Figure 5.4 keyigoof topics). Analyzing laws to
represent management constrains the analysis @nlfortnal rules, rights, and
decision-making procedures. However, until a datasgduding non-governmental

and informal institutions is compiled to represaat sectors across multiple
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jurisdictions, the laws provide a free and publicdyailable dataset to begin
guantitative examination of fragmented management.
Data filtering

In order to generate term and phrase frequenciased a set of ocean and
coastal laws representing the state and federa talevant to the west coast of the
United States (Ekstrom 2008). Choosing a set ofsldar analysis required
identifying and applying a set of criteria. To becluded in the analysis of this
project, a law had to fulfill three criteria: geaghic scope, scale of social
organization, and type of document. Collecting witthe defined criteria produced a
consistent collection of laws for quantitative exaation of overlap relevant to
federal and state levels, as well as among multqpes.
Geographic scope

The scope of this project was the Northern Califo@urrent Large Marine
Ecosystem. Therefore, documents with power or éemfte over managing the
activities that affect resources in this regioneveelected. International organizations
and national and state governments have adoptddatigje Marine Ecosystem (LME)
concept to improve management of the marine enwemt. On the magnitude of
200,000 kmi LMEs “are regions of ocean space encompassingatcaas from
river basins and estuaries to the seaward boursdafieontinental shelves, enclosed
and semi-enclosed seas, and the outer margins eofn&jor current systems,”
(Sherman 2005). LMEs spatially cover the most endoally, politically, and

ecologically important portions of the oceans waitte (Wang 2004).
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The California Current Large Marine Ecosystem cstissof one of the most
well-documented marine ecosystems in the worlddiiBelda et al. 2003). Located
from the Washington State-Canada border to justhsofi Baja California Sur,
Mexico, the California Current LME extends seawandapproximately 300-600
nautical miles from the continent. The northerntipor of this LME includes the
coast and offshore regions of northern Califor@eggon, and Washington (Sherman
1991).

Scale of social organization

The second criterion was that the laws were limitedhational and state
levels. The inclusion of additional levels of maeamgnt, such as county, regional,
and city, would have provided a finer scale of gsial but there are thousands of
localities within the geographic scope. Therefahge to time constraints, it was not
feasible to identify and gather laws from the seradicale jurisdictions.

Type of law

The third criterion was that laws were in the fotroé codified statutes or
administrative code (regulations) for state andefatllevels. Codified versions of
laws were used because these were the most adeegsiditionally, the publicly
accessible digital format throughout all relevamigdictions is updated regularly for
codified versions of law. For example, the updatede does not include repetitive
text from a reauthorized act that existed in thigioal version. The aim of this
collection was to gather relevant laws for one pairtime, for which codified laws

were the most appropriate. For each jurisdictiancluded any law that mentioned at
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least one of the terms “ocean,” “coast,” or “maririeaws referring only to “marine”
were manually filtered out if they only appliedigsues relating to the United States
Marines (i.e., insurance or retirement regulatiamsyther issues unrelated directly to
uses of the ocean). The remaining list of laws @amapiled in their hierarchical units
to be as parallel as possible among each jurisdiatiithin the constraints of digital
availability (Table 5.1). The number of laws megtithe criteria varied with

jurisdiction (Figure 5.1).

800
700 B Statutes [

600 O Regs
500

400 -
300 -
200

-~ m |

us WA OR CA

Number laws compiled

Figure 5.1. Number of ocean and coastal laws comed for overlaps analysis (see
Table 5.1 for hierarchical unit of law compiled foreach geopolitical jurisdiction).
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Table 5.1. Jurisdictions, format of law, and unitscollected for marine-related

law dataset.
Compiled
Geopolitical e . document
jurisdiction Law type Codification hierarchy (Statutory/
Regulatory Unit)
U.S. Code . .
Federal (statutes) Title/Chapter/Section Chapter
United U.S. Code of
States law Federal Title/Volume/Chapter/Part/Section Part
Regulations
Revised Code
of . .
Washington Title/Chapter/Section Chapter
State of
Washington (REW)
9 WA
Administrative Title/Chapter/Section Chapter
Code (WAC)
Oregon
Sewsed Title/Chapter/Section Chapter
tatutes
State of
(ORS)
Oregon Oregon L .
Administration Chapter/Division/Section Division
Rules (OAR)
C%';%rgla Code/Division/Chapter/Article/Section Article
State of —
California California : S . L
Code of Title/Division/Chapter/Section Division
Regulations

Ideally the legal units would have been compiledhsistently, such as in
chapters. However, the hierarchies varied slightiypss geopolitical jurisdictions and
the California code was more readily availablehat Article level than the Chapter
level. There were two types of legal units usethia analysis. Documents containing
regulations are referred to &egulatory Units(U.S. Code of Federal Regulations,
Washington Administrative Code, Oregon AdministratRules, and California Code
of Regulations), and the codified statute documargsreferred to aStatutory Units

(U.S. Code, Revised Code of Washington, Oregon dRevbtatutes, and California

Code).
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Metadata - Agency authority tables
The agency authority metadata for each law wergart supplied by the

National Oceanic and Atmospheric Administration (N& Coastal Services Center
and in part compiled by me. The NOAA Coastal S@viCenter Digital Legislative
Atlas Program (Willis 2006, NOAA) had the agencyhauity list for each federal
ocean-related statute publicly available on its siteb Their website listed authority
to the most specific level of program or agencyt thias apparent from reading the
law. For the state statutes, | obtained agencyoaityhby skimming laws. These
metadata were stored in the format of an agena@oloyment matrix (Table 5.2).
Table 5.2. Excerpt of document-agency matrix metada compiled for each law

in dataset. Ones indicate where an agency has autitg to implement the law. A
full list of agencies and acronym definitions can & found in Figure 5.2.

w EPA | DOC | DHS | ACE
Document

Clean Water Act
(33 USC 1251 et seq.)

Magnuson Stevens
Fisheries Management &
Conservation Act (16
USC 1801-1883)

Invasive Species Act
(16 USC 4701 et seq.)

To ensure consistency, the higher department le¥ethe agency was
recorded for the metadata. With this generalizataom agency was recorded as its
parent department, in which it is embedded. Forams, the National Oceanic and
Atmospheric Administration (NOAA) was recorded ke Department of Commerce,

and the National Park Service was recorded as thpafment of the Interior.
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However, the more specific agency authority infaiorawill be used in forthcoming
analysis to investigate needs for intra-agencydioation.

Agency authority for the national and state regofes was available on the
U.S. Code of Federal Regulations website (http:#ungpoaccess.gov) and on the
relevant State government administrative code (atigms) websites. Authorities

were scaled up consistently in parallel of theuséaauthorities, as described above.

PRELIMINARY OVERLAPS ANALYSIS

Preliminary text analysis was performed to map leyging functions among
laws of relevant agencies. To demonstrate the tgahls utility and test its accuracy,
| selected 46 issues related to ocean and coastagement (see key to Figure 5.4)
to represent key ocean topics. A topic for ovedaplysis can be anything related to
the marine environment, such as an activity, resguspecies, or ecosystem stressor.
Several of these topics were associated with weltuthented management
arrangements (USCOP 2004), thus enabling verifinati results. In addition, the 46
topics were selected as a representative sametivities and resources that span
all major marine-related sectors within the geogragcope of the laws investigated.
Data — Topic by document matrix

To establish the baseline analysis, the 46 topie®ach represented by a term
or a phrase (see Figure 5.4 for list of topics #tigated). In the future, | plan to

utilize multiple terms, synonyms, and related pésa improve results. A script

" The script was implemented by Daniel Spiteri.
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was developed to identify and count any term (warrghrase) occurrence in the law
collection. Querying the law collection with thelesgted term or phrase produced a

topic by document matrix of raw frequencies forreksgal unit (Table 5.3).

Table 5.3.Sample of topic-document matrix.

Document Topic freq Transportation Pollut* Fishing Ballast
Clean Water Act
(33 USC 1251 et seq.) 102 986 2 1

Magnuson Stevens

Fisheries Management &
Conservation Act 32 5 726 0
(16 USC 1801-1883)

Invasive Species Act
(16 USC 4701 et seq.) 8 3 1 79

The frequencies were used to represent the degnebith a law is involved
in managing issues related to each topic. Althabhghfrequency, as used here, cannot
precisely indicate a law’s jurisdiction, it can lest a law or agency’s relative
involvement. For example, if one law referenceshiing’ two times and a different
law references the term 700 times, it is evidesmt [diter is more concerned with
fishing activities. Alternatively, the fact that amlaws contain a term 15 times does
not necessarily reveal that they are equally inedlin management relating to the

topic.

To determine what agencies were involved in a givapic, the topic-
document matrix (Table 5.3) was integrated withdbeument-agency matrix (Table
5.2) resulting in a topic by agency matrix (Tabl&)5 The number of agencies

associated with laws containing a topic represeatsgcond dimension of overlap.
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As such, a relatively high number of agencies imgdlin a topic indicated a likely

complicated case for coordination.

Table 5.4. Excerpt of topic-agency matrix compiledrom combination of
document-agency and document-topic matrices. Seeghire 5.2 for agency
acronyms defined

Agency
Topic EPA DOC DHS | ACE
Transportation 1 1 1 1
Pollut* 1 1 1 1
Fishing 1 1 1 1
Ballast 1 0 1 1

Using the topic-document and topic-agency matritesfollowing two subsections
present preliminary variables developed to caleula¢ degree of overlap of laws and
agencies.

What topics are most fragmented from overlapping juisdictions?

We developed preliminary metrics to indicate thgrde of overlap as a
function of topic and geopolitical jurisdiction. &rdegree of overlap was calculated
using the number of laws involved and the numbeassfociated agencies that were
linked to laws involved in each topic. The topicerer then ranked for each
geopolitical jurisdiction based on these variables.

We used three variables to indicate the degreev@flap that occurs for each
given topic. The first variable was derived frone thumber of statutes that contain a

given topic, referred to as Statute Overlap (S@p @pic with the highest number of
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laws ranked as having the highest overlap from dtatute variable. To compare the
variable across multiple geopolitical jurisdictipisnormalized the statute overlap
variable by the total number of possible statutethé ocean law compilation for the

given geopolitical jurisdiction.

SUT,GP)

> SUGP)
SO= Statute Overlap; T= Topic; GP = Geopolitical juisdiction; SU= Statutory
units

SQT,GP) =

The second variable was derived from the numbeegilations that contain a
given topic, referred to as Regulation Overlap (RDhe topic with the highest
number of laws ranked as having the highest ovértap this regulation variable. To
compare the variable across multiple geopoliticailsgictions, | normalized the RO
variable by the total number of possible regulaionthe ocean law compilation for

the given geopolitical jurisdiction.

RU(T,GP)

> RU(GP)
RO= Regulation Overlap; T= Topic; GP = Geopoliticaljurisdiction; RU=
Regulatory units

ROT,GP) =

The third variable was derived from the agency auityy metadata for each
law. To calculate this agency overlap variableemefd to as Agency Overlap (AO),
the agencies associated with the overlapping lastastutes and regulations) for a

given topic were summed. To compare the variabl®sac multiple geopolitical
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jurisdictions, | normalized the AO variable by thetal number of agencies

represented in the ocean law compilation for tivemigeopolitical jurisdiction.

AO(F,GP):%

AO= Agency Overlap; T= Topic; GP = Geopolitical jurisdiction; A = Agencies

In our preliminary development of an overarchinder of overlap, the three
variables were averaged as the Overlap Index (@ljthin any geopolitical
jurisdiction for any given topic, this Overlap Inddemonstrates the legal and agency
complexity involved in managing the topic. For eaatisdiction, the number of laws
and the number of agencies were normalized by ttwiresponding total possible
laws and agencies. Then the average sum of theatiaed variables was calculated

as follows:

SO+ RO+ AO

3
Ol= Overlap Index; T= Topic; GP = Geopolitical juri sdiction

OI(T,GP) =

This overlap measurement provides an index thaiwallthe systematic
comparison of overlap between topics within and gnjarisdictions. The index can
range from zero to 100%. A topic involving a higlmmber of laws and a high number
of associated agencies would result in a numbeseclto 100%. Alternatively, with
zero number of laws and with consequently no agsnassociated, the index result

would be zero.
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This basic calculation of Ol adjusts appropriatelycases where one variable
is high and the other is relatively low; howevée separate variables of SO, RO and
AO provide a more detailed depiction of the oveplag information. For example, in
cases where a topic has many laws that are impkechénrough one agency, the Ol
may be a high number only based on the high resfiltke SO and RO. Only by
comparing the individual variables will the resdemcsee that the AO is low or null
and therefore, the topic is not at risk of interageoverlap (though intra-agency
overlap may be revealed through further investoygti The aggregated Ol and more
granular components are likely to be of interesdiiferent users, and | plan to
perform usability evaluations in the future to detme their usages.

What laws and agencies overlap?

To visualize ocean management overlaps, | demadastrare a graphical
representation of the previously defined data aetlidata matrices. For this task, |
used the social networking software UCINET vers@oh70 ((Borgatti et al. 2002)
and NetDraw version 2.064 (Borgatti 2002). The doent-agency authority
metadata matrix served as the primary data inpw@bl€l 5.2). Agencies and
documents were displayed as individual nodes wiknaies labeled and each
document (legal unit) represented by a circularendd line was drawn from each
document to its associated agency (or multiple eigeip (Figure 5.2). For example,
the National Environmental Policy Act (42 U.S.C243t seq.) was connected to its
authority agency of the Council on Environmentab(@y (CEQ) because this agency

has jurisdiction to implement the statute. Someutta are under the authority of
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multiple agencies, such as the Clean Water Acts Mot is under the authority of the
Environmental Protection Agency (EPA), the Army @oiof Engineers (ACE), and
the Department of Homeland Security (DHS). Regarathodes were linked to the
agency that wrote them. Lastly, the topic (représgnby a term or phrase)
frequencies were added as attributes. Documentsnwdee resized to reflect relative
frequency of each topic. These diagrams visualipatestrate what laws overlap, and
consequently what agencies overlap given theiraaitthover the topic-associated

laws.
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Federal codified () Federal regulation Connects law to
statute (U.S. Code) authoritative agency(s)

Figure 5.2. Metadata of agency authority for federhstatutes and regulations.
Laws (circular nodes) linked to their authoritative and/or implementing agencies
(square nodes labeled with agency acronyms). Thegaement of agencies and
length of lines are randomly generated. This is theoundational map from which
the diagrams in Figure 5.8 were generated. Note théhere are no term
frequency data in this figure. In Figure 5.8, the dw nodes are re-sized by the
frequency in which a selected term occurs in the V& Acronym key: EPA=
Environmental Protection Agency; ACE= Army Corps of Engineers; DHS=
Department of Homeland Security; DOTr= Department d Treasury; DOE=
Department of Energy; NSF= National Science Foundain; CEQ= Council of
Environmental Quality; DOC= Department of Commerce; DOT= Department

of Transportation; DOS= Department of State; DOI= Department of Interior;
DOA-= Department of Agriculture; FMC= Federal Mariti me Commission; DOJ=
Department of Justice; DHHS= Department of Health ad Human Services;
MMC= Marine Mammal Commission; DOD= Department of Defense.
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RESULTS

This section first presents initial results jughy use of term and phrase
counts to reveal a law’s involvement in a giveni¢codhen the results present the
measurements of overlap, followed by graphic dismf overlaps using the laws,
topic frequencies, and associated agencies in metivagrams.
Topic frequencies

Initial results showed that federal United Stal@ss that ranked as most
involved for each of the topics accurately corresjeml to the descriptions of the
recent U.S. Commission on Ocean Policy report (UBQD04). For example, the
U.S. law containing the most references to the téishing’ (frequency = 726) was
the Magnuson-Stevens Fishery Conservation and Managt Act (16 U.S.C. 1866
et seq.). The laws that ranked second and thirthéy raw count of the same term
were the regulations written by NOAA to implemené¢ tMagnuson-Stevens Act (50
CFR 600 et seq, 50 CFR 660 et seq.). Similarlyatiteoritative agencies that ranked
highest for each topic accurately correspondetiédtSCOP report descriptions. For
instance, the Department of Commerce (DOC), whicinany cases then delegates
authority to the NOAA, had authority over most bétlaws for the topic of fishing
(see Table 5.4, Figure 5.8c).

The general observation regarding a law’s relaiiweolvement provided
sufficient justification that simple text analystan be used to represent law and

agency jurisdictions. As such, the following praseam summary of results for what
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topics ranked as the highest degree of overlapaasaimple of what graphic display
of these data can illustrate.
What topics are most fragmented from overlapping juisdictions?

This subsection presents a summary of federall lssults of the three
individual variables (SO, RO, and AO) and thenrénults of the Overlap Index (Ol).
Results of the state levels of jurisdiction areeftyi summarized for the Overlap
Index. Table 5.5 provides excerpts of data usechlculate these three variables for
the federal laws. For example, for the topic ahfng,’ there were 31 statutory units.
To obtain the Statute Overlap variable, | dividddl® the total number of statutory
units (55) for the geopolitical jurisdiction of tifederal United States level.

Table 5.5. Sample of data used to calculate overlariables for federal
geopolitical jurisdiction

Units (federal only) Units in # units that refer to topic
Y collection | Transportation | Pollut* | Fishing Ballast
Statutes
(USC) 55 43 35 31 5
Regulations (CFR) 670 265 260 114 86
Agencies 18 17 15 12 9

For the federal laws, the topics of ‘transportati¢n8%), ‘fisher* (69%), and
‘pollut* (64%) ranked as having the highest Stat@verlap. The top three topics
ranked by Regulation Overlap were ‘discharge’ (48%hipping’ (43%), and
‘navigation’ (43%) for the federal laws. In termé Agency Overlap, the topics of
‘transportation’ (94%), ‘public health’ (88%), ‘dat*’ (83%), and ‘discharge’ (83%)
measured the highest. To follow the examples of fopics of ‘transportation’,
‘pollut®, *fishing’, and ‘ballast’, Figure 5.3 preents the variables measured for each

for federal laws.
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Figure 5.3. Three variables of overlap in U.S. fedal law for a sample of four
topics (transportation, pollut*, fishing, and ballast).

Based on the Overlap Index from the three combuagtables of the number
of statutes, regulations, and agencies per tapecigdsue of ‘transportation’ measured
as the highest overlap for the U.S. federal lewel all three states examined (Figure
5.4). For ‘transportation,’ the U.S. had 43 stau@56 regulations and 17 agencies
involved, which resulted in an Ol of 72%. Followitilte same computation, the Ols
of the states of Washington, Oregon and Califoraia 50%, 55% and 66%
respectively. The topic ‘agricultur*’ ranked secandhe Overlap Index for the states
of California and Oregon, while Ols that ranked cset for federal level and

Washington were ‘pollut® (64%) and ‘discharge’ @9 respectively. Figure 5.4
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presents Overlap Index for the 46 topics for eddh® four geopolitical jurisdictions

investigated.

80%

——Federal (US)

——\Vashington

-8-0regon
California

60% -

40% -

20%

O% rrrrrrrrrrrrrrrrrrrrrrrrr1r 1111151 11 1 T T 11

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46
TOPIC

Figure 5.4. Overlap Index (Ol) for topics investigéed for each geopolitical
jurisdiction. Key to topics: 1. transportation, 2. pollut*, 3. navigat*, 4. discharge,
5. fisher*, 6. port(s), 7. public health, 8. fishig, 9. agricultur*, 10. shipping, 11.
mineral, 12. dredg*, 13. water quality, 14. contanma*, 15. ecosystem, 16.
mammal, 17. shellfish, 18. estuar*, 19. bird, 20egiment, 21. pesticide, 22.
bulkhead, 23. ballast, 24. wastewater, 25. sewa@®, climat*, 27. salmon, 28. oil
spill, 29. aquaculture, 30. boating, 31. armor 3Zpawn, 33. herbicid*, 34. sea
level, 35. crab, 36. mercury, 37. nutrient, 38. oyar, 39. cattle, 40. invasive spec*,
41. sea otter, 42. algal bloom, 43. kelp, 44. noxiigenous spec*, 45. spartina, 46.
geoduck.

Although the degree of overlap varied slightly &mme topics, the results
among jurisdictions were highly correlated. Theit¢opf ‘discharge’ ranked within

the five highest overlapping issues for each jucissh. Similarly, for all four

135



jurisdictions investigated, the topics of ‘fishinghd ‘fisher* ranked within the top
ten. For California, Washington, and the U.S., tBeerlap Index of ‘pollut*
measured within the top five of each jurisdiction.

What laws functionally overlap, involving what ageries?

Numerical values of term frequencies revealed &nesloverlapping for each
topic. However, these long laundry lists of lawstabular form are difficult and
unpleasant to synthesize. As such, visual dispfayese data in network diagrams
exposed multiple dimensions of the data, allowimga more thorough and attractive
interpretation. Diagrams were produced using theadsa table of “agency authority
to laws” (see Figure 5.2). Labeled nodes reprefegtdgral government agencies and
lines were drawn from agencies to laws, which a&grasented by circular nodes
(pink = regulations, red = statutes). These laweisaslere then sized by the frequency
of topic contained in the law (see Table 5.3). mpke of four topics for the federal

level is presented in Figure 5.8 to demonstrateutitiéy of the graphical display.
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Figure 5.5. Overlapping United States federal lawand agencies for
‘transportation’, which measured 72% with the Overlap Index (Ol). Relative
frequency of term or phrase in each law (documentaude size varies with
frequency). Refer to Figure 5.2 for legend.
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Figure 5.6. Overlapping United States federal lawand agencies for ‘pollut*’,
which measured 64% with the Overlap Index (Ol).Reléve frequency of term or
phrase in each law (document node size varies witrequency). Refer to Figure

5.2 for legend.
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Figure 5.7. Overlapping United States federal lawand agencies for ‘fishing’,
which measured 49% with the Overlap Index (Ol). Redtive frequency of term
or phrase in each law (document node size variestWifrequency). Refer to
Figure 5.2 for legend.
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Figure 5.8. Overlapping United States federal lawand agencies for ‘ballast’,
which measured 24% with the Overlap Index (Ol). Redtive frequency of term
or phrase in each law (document node size variestwifrequency). Refer to
Figure 5.2 for legend.
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In the network diagrams, relational patterns andtiple dimensions were
revealed that cannot be easily captured from tatmdsar charts. For instance, the
diagrams reflected that the topic of ‘transportatiappeared to be more complex in
its management relative to the topics of ‘pollutfishing’, and ‘ballast’ (Figure
5.8). Large nodes point to laws that contain a Hrglquency of references to the
topic (represented by a word or phrase). Simildrgy/ laws with no reference to the
topic are eliminated, but the lines remain. Thesreaseveral laws containing high
frequency of the term ‘transportation’. On the othand, there were relatively few
laws that refer to the term ‘ballast’ with high dreency. The complexity of each
topic was revealed through the associated agetita¢sare linked to the laws. For
example, the largest nodes in the ‘transportatidi@gram (Figure 5.5) were
connected to the Environmental Protection AgendyAEand the Department of
Interior (DOI). In addition, medium size nodes waennected to several more
agencies. In contrast, the majority of laws conterhigh frequency of the term
‘pollut*’ are under the authority of the EPA, coryugg a relatively low complexity
in terms of agency overlap for this topic (Figur6)5The agency primarily involved
in ‘fishing’ appeared to be the Department of ComoegFigure 5.7) because the
statute and regulations containing the highestuieaqy of the topic were linked to
the DOC. Although there were relatively few docuneodes for the topic ‘ballast’,
the largest of these nodes were primarily connettigédle DHS, which is the parent
department of the U.S. Coast Guard (Figure 5.8h®igh the relative complexity

displayed in the diagrams accurately matched therl@y Index measurement, the

141



visual depiction of the raw data provided the ressul a more transparent manner,

which can be used by policy-makers and other ocelated stakeholders.

DISCUSSION

The discussion section includes a brief interpi@tadf key results, our plan
of evaluation of usability and accuracy for the iygs metric, and related work.
Interpretation of results

Results demonstrate the utility of text mining, ewe its simplest form, for
untangling overlapping jurisdictions in ocean mamagnt. Although government
agencies report on their policies, functions, antlied, etc., generation of a baseline
understanding of ocean management requires an tivigjeaverview. Of the 46
topics investigated, the one that ranked as hatheghighest Overlap Index was
‘transportation’ for each of the four geopoliticplrisdictions. This result was
consistent with the findings of the recent U.S. @assion on Ocean Policy. After a
multi-year examination of ocean management by govent-appointed experts, the
Commission found that management of the ShippirtyTeransportation sector was
so fragmented that it needs to be restructuredatti8iry, regulatory, and policy
differences among federal agencies with roles irrimaatransportation lead to
fragmentation, competition, and in some caseshahility to work collaboratively

due to conflicting mandates” (USCOP 2004).

The quantitative aspects of a baseline assessmeablee objective

comparison across sectors. Combining the Overla@xinrmeasurement with the
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graphical display of the overlap provided a compretive picture of the data. In
comparing these results, | was able to see discosgm between the generically
calculated Overlap Index, which does not take odosideration term frequency or

the relative involvement of multiple agencies ithased in the network diagrams.

The simple but comprehensive tool has enormouspaltefor example, to
assist ecosystem-based management initiatives fimirde priorities from data
collection to stakeholder communication. Presenpliegtions identified where
jurisdictional relationships and functions dictatke need for management
coordination. Even from the prototype text analysith transparent methods, the
lucid identification of the multiple agencies invetl in management of various
topics provides policy-makers with a roadmap faraking where (between whom)
coordination should exist.

Evaluation

Initial testing of the accuracy of results has bedhrough a series of
interviews with approximately 25 experts in ocea @oastal management. These
experts included government agency representatzasiemic scientists (both social
and ecological disciplines), and non-governmentajanizations. Conducted in
2007, these meetings were used to steer the lineqafry to produce useful and
accurate information about ocean management oveBaped on the last set of
interviews, suggestions for improvement will be wowunto the analysis in future
work, including a more thorough survey to evalwsteuracy of results. This future

study could survey the degree to which each agendy itself involved in the given
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topics. These survey results would be comparedhéo téxt analysis results to

determine degree and patterns of error that teadiysis reveals.

From the input of experts, it is also apparent thtatre work needs to include
input of synonyms for topics investigated. Inclusmf multiple terms or phrases to
represent a single topic could improve the accurcyesults. This improvement
could also be intertwined with the verification @&sult survey to test how much
inclusion of synonyms (and what rules are neededgsyaonyms) can increase the

accuracy of results.

Once the algorithm is fine tuned to meet the nesdsoastal and ocean
management stakeholders, automation of the ovettagswill require additional
surveys to establish usability for the potentiargs
Future and related work

The term-document matrix data yielded by this teghe affords excellent
opportunities to use information retrieval statistand other advanced text analysis
methods, such as the vector space model and athént analyses (Salmon et al.
1975, Krippendorff 2004). However, even raw freqties provide information that
pre-empts the need to read hundreds of documeatctatain an extremely detailed,
relative assessment of statutory and regulatorylaweln addition, text analysis can
be employed with any set of laws or policy docureem any subjectAs already
seen with work on construction and water qualitw [d,au et al. 2006), the
application of text analysis can help untangle nganzent in different domains.

Recognizing the growing problem of increasing lkegisn requiring review, a small
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group of computer scientists and engineers has Heealoping algorithms using
information retrieval statistics and methodologis navigating through legal
documents (International Association for Artificlatelligence and Law).

Future research also will further develop the meghe to prioritize what
agencies need to coordinate around any given tdith more topics, graphic
display through network diagrams of these dataccq@ubvide a valuable teaching
tool for marine policy courses. In addition, textalysis is being applied to the
collection of ocean related legal documents tostigate gaps in management in the
context of a given conceptually modeled ecosyst€umbining the overlaps
analysis with gaps analysis may prove to be thet meful for marine management
initiatives because it could be used to locate veggncies and through what laws

gaps in management could be filled.

CONCLUSION

Text analysis of the laws has the potential to @®wa thorough synopsis of
which agencies and laws manage various topic igsué® ocean. The approach to
measuring overlaps demonstrates how an interdisaiyl integration of methods
and perspective can be used to illuminate the Hbmskof ocean management. It is
our expectation that by providing a systematic agpleatable technique, policy-
makers and other stakeholders will be better eqaigp make new laws consistent
with existing ones. Rather than passing new letyislaor writing new regulations
that unintentionally conflict with existing one$,necessary, policy-makers will be

able to address the inconsistency in new law. Witiproved knowledge of
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management, policy-makers can implement and adé&piefregulation of the marine
environment, in particular for emerging uses, imare integrated and consistent
manner. Furthermore, this tool can be used to dehigh priority areas for

alleviating uncoordinated ocean management overlaps

Though contributing through the lens of ocean manaant, this prototype
text analysis technique can be applied to any d$eproblems of legal and
government agency overlap. With more and more atiguis created and increased
competition for agency authority, overlapping jdicgions and the need for
improved cooperation will continue to increase. &pplying policy-makers with
cross jurisdictional information about overlapsstmformation can assist them to
begin untangling and alleviating not only overlagpijurisdictions, but also the

subsequent inefficiencies and ineffectiveness istixg management.
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Chapter 6 Overlaps Concept and Technique (broad
audience)

INTRODUCTION

Scientific reports of irreversible fish stock de@s) increased dead zones, and
loss of marine biodiversity signal a global treridieteriorating ocean health caused
by anthropogenic impacts. In confronting these atider complex cross-scale
environmental problems, policy experts, governneggncies, scientists, and other
ocean stakeholders are shifting to more comprethemsanagement approaches that
consider characteristics of the ecosystem (Wilswh Wheeler 1997, Sutinen et al.
2000, Juda and Hennessey 2001, Juda 2003a, USC@®R K@Leod et al. 2005,
Rosenberg and McLeod 2005, Sherman 2005). Histlysiceadustries, such as
fishing, mining, and shipping, have driven managamaecisions (Knecht and
Cicin-Sain 1993, Weber 2002). One common probleah dlerives from fragmented
management occurs when multiple agencies haveljctiisn over the same resource
and/or activity, but do not coordinate. In someesaagencies also have jurisdiction
over incompatible activities (Rosendal 2001, You@02). Both types of
jurisdictional issues resulting from sector-baseanagement can benefit agencies
when they coordinate or have consistent mandatesvekier, when a governing
body makes a decision for one sector, it can reBultunintended negative
consequences for other sectors (Pew Oceans Coromiz803, USCOP 2004). For
instance, shipping routes along the Pacific anémiit coasts of the United States

coincide with whale migration pathways (Channelansls National Marine
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Sanctuary Advisory Council 2008). The designatiérsltpping sector’s route was
not determined in the context of marine mammal atign routes. Thus, as cargo
vessel traffic has increased, ship strikes haveezha high number of whale deaths
because of the overlap (Channel Islands NationatifdaSanctuary Advisory
Council 2008). Unintentional and uncoordinated aps can exacerbate the threats
to ocean ecosystems by creating obstacles to e#eand efficient regulation of the
marine environment (USCOP 2004, Crowder et al. 2006
How do we move to an ecosystem-based approachouwtithnintentionally

further fragmenting the sector-based managemeterags

A baseline view of ocean management

A critical step to transition into an ecosystensdth management approach is
to create baseline data that present a comprelemsoture of institutions that
govern the ocean (Juda 1999). Baseline informasibaut existing management
would assist decision-makers to: 1. identify whemordination should exist
between agencies, and thus reveal potentially prosaic overlapping jurisdictions;
2. identify potentially incompatible and inconsigteregulations; 3. monitor
regulatory impact on ecosystem health; and 4. alihy track feedbacks between
governance and ecosystem services that can impsaveunderstanding of the
complex interdependencies within social-ecologsyatems. Together these benefits
of generating a governance synopsis could assist BBiatives in planning stages

to understand existing management systems. Indhg term, if baselines were
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generated over time, such data could support mamitand evaluation efforts to
measure the effectiveness of EBM’s implementation.

Statutes, regulations, legislative histories, atiter management documents
contain useful information to generate this bagelirhe utility of such documents is
reflected in theReview of U.S. Ocean and Coastal Law: The Evalutib Ocean
Governance Over Three Decadégpendix 6 of (USCOP 2004)), which provided a
detailed account of key federal governing statingslved in a selection of ocean
issues. Such legislative analyses are extremelyabéd and irreplaceable; however,
evaluating a comprehensive selection of topics dibel expensive. Furthermore, the
outcome will often be dynamic due to ever-changiegulation and mandates. To
provide a path that avoids further fragmentationtlod jurisdictional landscape
regulating marine ecosystems, we need tools torgena baseline picture of ocean
governance that are rapid, cost effective, wideleasible, and provide new insight
(Juda 1999). Such baseline data could inform stdlebs of regulatory and other
management complexity, as well as possibly ass®sttthg rigorous legal analysis.

Even with a focus only on the Pacific Coast of Uf®A, marine and coastal
laws encompass over 30,000 sections of United Sfetderal law and regulation
(Ekstrom 2008), which exemplifies how overwhelmiitgcan be for agency
personnel, scientists, and other non-legal expensvigate through documents that
contain elements of marine management to answerstique about ocean
governanceExploring such a large number of documents tostigate even a single

topic for jurisdictional overlaps would be a daugtitask, as evidenced by the years
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of analysis the US Commission on Ocean Policy (UBLC@quired to explore
existing and historical legislation just in oceafated statutes.

Confronted with the rapid growth of digital infoatmon, scientists are
increasingly turning to a range of information mtal techniques to solve a wide
variety of similarly complex data analysis problefMational Research Council
1995, Feldman and Sanger 2007). For example, netitmg satellite and aerial
photography revolutionized our understanding of dbeans, terrestrial ecosystems,
and atmosphere. Can information technology alsestass generating governance
overviews so that new legislation can promote aensmosystem based approach to

ocean management?

Challenges and obstacles to text mining laws

There is ample reason for skepticism to an assetthat quantitative text
analysis, especially based on simple term freqesnaould objectively reveal the
complex functionality of a law in a way that proeg insight to managers and
legislators. First, word frequency may not equateniportance. One law may be
concise. Others on the same issue may ramble andsdi every nuance of the issue.
Second, laws and regulations vary in spatial juctszh. For example, the National
Park Service’s regulations on species protectidy pertain to areas with delineated
boundaries, whereas the Endangered Species Adlingeto any public and private
actors alike independent of location. Third, diffier sections of a law play different
roles. For instance, although a statute’s preamivies the context in which the law

was written, this content does not necessarilyngefain agency’s authority. To
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further complicate the challenge, different gedpmi jurisdictions not only fail to
use a consistent vocabulary, but also follow déf¢rstandards for regulating. For
example, the majority of the California Coastal Quoission’s decisions are not
reflected necessarily in its published regulatidng, instead in documents such as
Commission reports, meeting transcripts, case lamg certified Local Coastal
Programs. Despite the obstacles, those familidan aiean and any natural resource
management cannot deny the enormous desire forcassible and comprehendible
way to systematically synthesize ocean managenient. mining, a sub-discipline
of computer science, can reveal relationships batwidcuments by analyzing the
pattern and frequency of terms and phrases (FeldamdnSanger 2007). Thus, if
developed strategically to tackle the challengés dait above, text mining has the
potential to accurately generate baseline synopisesean governance.

These potential obstacles may constrain theyublitsimple text analyses, but
many can be overcome through more encompassingedatdeyond law and
advances in information retrieval (IR), such as xtafjging and generating
hierarchical sets of synonyms that facilitate congga of laws across jurisdictions.
Using hierarchical synonyms or concept domainsgi@mple, we could develop a
system to understand that a reference to “mariseurees” in the California Coastal
Act encompasses all marine species and habitat Gafifornia. Additional
approaches from organizations such as the IntemaltiAssociation for Artificial

Intelligence and Law (www.iaail.org), which invegies challenges involved in
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automatically generating accurate information frdaws, also could assist in
developing a useful tool.
Prior to undertaking more complicated analyselRinthis paper first explores

the insight that can be gleaned from simple teatyais through term frequencies.

Assessment

To explore the utility of information gleaned ab@mcean management from
text analysis of laws, | set up an experiment taneixie the ability of text analysis to
match a set of well-documented categorizations adan laws. Results of term
counts on laws were compared with the categorizadiostatutes described in the
USCOP Appendix 6 (Table S1). Investigation of tepwmithin three selected
categories provided strong evidence that findingenf our preliminary analysis
closely correspond to the synthesis of long terrpeeixlegal analysis (USCOP
2004)(NOTE 1). Although quite basic, this gene@respondence sets the stage for

a broader exploration of ocean issues.

Mapping landscapes of ocean law

Our continued analysis on term count data forray@aof ocean and coastal
relevant topics produced long lists of laws, diffitdo synthesize. For example, there
were many laws that referred to ‘pollut® in addii to the Clean Water Act.
Producing network diagrams using agency authoatiatv data (Ekstrom and Lau
2008) visually displayed multiple dimensions of tth&ta simultaneously, allowing

for a more thorough and insightful interpretatidiaw nodes were resized by the
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frequency of term or phrase counts for each topgcshown in Figure 1 for the
example topics of ‘marine mammal’ and ‘shippingarge nodes pointed to laws that
contain a high frequency of references to the toplule laws without reference to
the selected term or phrase were eliminated. Tegtneg set of diagrams creates a
graphical legislative landscape for any topic ombmation of topics. Although the
landscapes do not provide details about the cont@sxwithin the laws, they can
offer a roadmap to potential overlaps. Essentidifigy are general snapshots from a
system perspective of what agencies are involveadutgh what laws for

management of any given issue.
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O U.S. Regulation .U.S. Codified Statute /

AGENCY ACRONYMS DOJ: Department of Justice

ACE: Army Corps of Engineers DOS: Department of State

CEQ: Council Environmental Quality DOT: Department of Transportation

DOA: Department of Agriculture DOTr: Department of Treasury

DOC: Department of Commerce DHHS: Department of Health & Human Services
DOI: Department of Interior EPA: Environmental Protection Agency

DOD: Department of Defense FMC: Federal Maritime Commission

DOE: Department of Energy MMC: Marine Mammal Commission

DHS: Department of Homeland Security NSF: National Science Foundation

Figure 6.1. Overlapping United States federal lawand agencies directly
involved in management of marine mammals (A) and spping (B). Laws (red
circular nodes) linked with lines to their statutory implementing agencies.
Regulations (light pink circular nodes) are linkedto their author agency.
Relative frequency of term in each law is represeet] by varying node size.
Arrow points to the Marine Mammal Protection Act in A and B, which is under
the primary authority of the U.S. Department of Conmerce and the U.S.
Department of Interior.
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The network diagrams revealed relational pattemnd multiple dimensions
that cannot be captured in a single table or baplg(Ekstrom and Lau 2008). For
instance, the diagrams reflected that the key t&tatwolved in the topic of ‘marine
mammal’ is the Marine Mammal Protection Act (Tal3&), which is under the
primary authorities of the Department of Commenad the Department of Interior
(see arrow Figure 6.1a,b). For this topic, thee faw other federal agencies with
regulations that are involved in managing marinemmals (Figure 6.1la). In
comparison, it is apparent from Figure 1b thatppmg’ is under the regulatory
authority of many agencies without an apparentd@serning statute, which sets the
stage for potentially far greater regulatory cantfli

Other topics could be added to the displays teeakwow each agency’s
involvement differs or specifically overlaps withat of another in the context of a
specific topic. For example, the problematic oyetetween marine mammals and
shipping activities has been of recent concern ontlsern California due to the
unusual high number of blue whales struck and dkildg ships in 2007 (Channel
Islands National Marine Sanctuary Advisory CourgfD8). As with the continued
crisis of Right Whales in the North Atlantic (Jensand Silber 2003, Kraus et al.
2005), the overlapping geography of whale migrataytes and shipping traffic
necessitates strategic management decisions taaddidurther impact on threatened
cetacean populations (Channel Islands National dMaBanctuary Advisory Council
2008). When combined, the two “legislative landgsipexpose one aspect of how

sector-based decision-making has unintentionaliglpced problematic overlapping
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jurisdictions that can pose challenges for efftstpromote marine biodiversity and
ecosystem health. There is an enormous body oflaggu, under the multiple
agencies, involved in shipping (Figure 6.1b). Imsgocases, involvement of many
agencies indicates cohesion and coordination farag@ment of an issue. In other
cases, high involvement may reflect highly overlagp laws and agency
jurisdictions. The latter is likely the case foripgding, considering the U.S.
Commission on Ocean Policy (USCOP) noted the hgdrek of fragmentation in
Shipping and Transportation sector (USCOP 2004) mtter the interpretation of
how shipping is managed within the sector, its diegive landscape of term
frequency counts (Figure 6.1b) relative to the manmammal landscape (Figure
6.1a) demonstrates the large obstacles that therdhtMarine Fisheries Service (by
way of the Department of Commerce) faces to promtgamarine mammals from

shipping practices.

Dimensions beyond law

We recognize that applying text mining operatiemsonstrained in that the
text of laws will not contain all information that critical to understanding how the
oceans are managed (NOTE 2). Other fundamentahctesistics of management
may include: 1. agency budget allocations; 2. Nunalpel nature of Supreme Court
and other court cases involving interpretation statute; 3. geographic scope of a
law; and 4. whether the implementing agency hasttemri and implemented
regulations from a statute. Yet, quite convenienthese characteristics can be

directly linked to agencies and/or laws as add#loattributes of a quantitative
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analysis. These added dimensions could help clegizethe scope and influence of
laws. Also, other documents in addition to laws pasvide a more accurate picture
about management, such as legislative historiesrt atase transcripts, meeting
notes, management plans, Memorandums of Agreenaent, other documents.
Moreover, non-governmental organizations play aiiant role in governance and

thus baseline analysis should incorporate theitrimrtion.

Other applications

Text analysis techniques can be applied to a bseaadf problems involving
agency jurisdictional overlap. It may help untanglgnagement in different
domains, as already seen with work on construcrmhwater quality law (Lau et al.
2006). With more regulations created and increasethpetition for agency
authority, overlapping jurisdictions and the need fmproved cooperation will
continue to increase. By supplying policy-makersthwicross jurisdictional
information about overlaps, this information capnypde a starting point from which
to begin untangling and alleviating not only ovpgang jurisdictions, but also the

subsequent inefficiencies and ineffectiveness inagament.

CONCLUSION

In its rudimentary form, the governance analysespnted is only the tip of the
iceberg in terms of developing tools to generatéically needed baseline
governance data. There is enormous potential tdowrinformation gleaned from

the laws and additional management documents whkradata sources, such as
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ecosystem relationships (see e.g. Newton et al0)2@80d human threats on oceans
and coasts (see e.g. Halpern et al. 2008). Advaactesmn information technology
are facilitating integration of data that could bk imagined in the past. Experts in
all related fields need to conceive of the captddiof these advancements and push
for the tactical integration of social and natusaience data. Implementation of
efforts supporting such integration will equip oseffectively address complex and
large scale environmental threats with informed eoldesive policy, facilitating the

implementation of ecosystem-based management.
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Table 6.1. Comparison of primary law for each topiddentified by USCOP

(Appendix 6) compared to law ranked highest from tam frequency analysis.
Category Topic within Law listed by Law from Term Success
category USCOP App.6 | term count | frequency
(term/phrase (ranked
used) highest)
Coastal coast Coastal Zone CZMA 454 Yes
management Management
Act (CZMA)
Coastal CZMA CZMA 31 Yes
management
Coastal CZMA CZMA 4 Yes
development
Coast* + CZMA CZMA 711 (sum | Yes
management of terms)
Living marine | Living marine Magnuson MSA 13 Yes
resources resources Stevens Act
(MSA)
Marine MSA MSA 37 Yes
resources
Fisher- MSA MSA 1407 Yes
Fishing MSA MSA 726 Yes
Endangered Endangered ESA 144 Yes
species Species Act
(ESA)
Threatened ESA ESA 91 Yes
species
Critical habitat ESA ESA 34 Yes
Marine Marine MMPA 621 Yes
mammal Mammal
Protection Act
(MMPA)
Ocean and Pollution Clean Water CWA 986 Yes
coastal Act (CWA)
pollution from | Water quality CWA CWA 287 Yes
land-based Nonpoint CZARA CZARA 67 Yes
sources source pollution (sits within
CWA doc)
Air pollution Clean Air Act CAA 287 Yes
(CAA)
Atmospheric CAA CAA 5 Yes
deposition
Atmosphere(ic) | CAA CAA 71 Yes

NOTE 1: The experiment initially was designed ttedine if laws with the highest

term count for each of the given categories couddicinthose deemed “key statutes”
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for a selection of the categories described inW$COP (Table S1). | chose the
three categories (coastal management, living mareswurces, and ocean and
coastal pollution) that appeared to have the minaight-forward set of topics. For

example, the category of living marine resourcestaioed topics of ‘fishing’ and

‘fisheries,” which are under the primary authoritfythe Magnuson-Stevens Fishery
Conservation and Management Act (16 U.S.C. 186&e@t); but this category also
included the topic of ‘threatened species’ andtiwal habitat’ which are under the
primary authority of the Endangered Species Acte Tdws that ranked as most
involved for all three categories investigated aately corresponded to the
descriptions of USCOP Report (USCOP 2004). As amgte of a topic accurately
portrayed through term counts, the law containimg most references to the term
‘fishing’ (726 frequency) was the Magnuson-Stevdfishery Conservation and

Management Act (16 U.S.C. 1866 et seq.).

NOTE 2: Governance encompasses formal and infommsétutions, as defined by
Juda 1999. Analyzing laws to represent managenwengti@ins the analysis only to
formal rules, rights, and decision-making procedurglowever, until a dataset
including non-governmental and informal institusois compiled to represent all
sectors across multiple jurisdictions, the lawsvmle a free, publicly available
dataset to begin quantitative examination of fragi®ee& management. Even the most
advanced text mining techniques will not replacduaile legal knowledge or

lawyers’ experience with and interpretation of the.. Nor will they capture any
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disconnect betweede facto(law on paper) ande juro (management in practice)
management. However, text analysis of laws couttvige a useful tool to test the
disparity between rules on paper and rules inlasaddition, without case law, local
laws and regulations, and area management docunrestdts will not precisely

portray the full suite of formal institutions indloceans and coasts.
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Chapter 7 : Application of Gaps and Overlaps Techni  ques to
Evaluate Management Institutions Relating to Ocean
Acidification ®

CASE STUDY INTRODUCTION
Ocean Acidification

Over the next century, ocean acidification willkelly cause larger
ramifications for humans and ecosystems than gldbahte change. Scientists have
shown with certainty that the pH balance of theancwill decrease dramatically,
“acidifying” or reducing alkalinity, as a result dfe increased anthropogenic carbon
dioxide in the atmosphere (Caldiera and Wickett3)0h fact, since the beginning
of the industrial revolution, humans have beenaasible for more than 290 billion
tons of carbon dioxide emitted into the atmosph&hes carbon effusion has largely
been due to the burning of fossil fuels and cemaanufacturing (Hanle et al. 2004,
IPCC 2007). The increased concentration of atmogpl@0,, coupled with other
anthropogenic greenhouse gas emissions, causetelichange (Houghton et al.
2001). These CPemissions distribute among three places: tere¢dirota through
photosynthesis (and then partially into sedimetitg, atmosphere, and the ocean.
Humans have been fortunate thus far that the sgweafriclimate change has been

buffered by the ocean’s capacity to absorb a sobatgortion of atmospheric GO

8 NOTE TO READER: The methods section of this chaptatains portions taken
directly from Chapters 4 and 5
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(Raven and et al. 2005). Consistent with the lawdehry, the ocean draws down
increased atmospheric G@to the surface water by way of diffusion and into
deeper water through currents (Caldiera and Wick03, Portner 2008).
Unfortunately, this buffering action is alteringetbhemistry of the ocean. In fact, the
ocean’s pH balance has already decreased by Ouing$] which is a 30% increase
in hydrogen ion activity in ocean surface wateras&l on the Intergovernmental
Panel on Climate Change (IPCC) “business as usscdhario of CQ@ emissions
(1S92a), projections show that pH will decreaseahyadditional 0.3-0.4 units by the
end of the century (Haugan and Drange 1996, Bré®wei’). Research has already
shown that calcifying organisms, such as coral plashkton, may not be able to
adapt to the reduced carbonate conditions (Feebl.e2004). Increased levels of
CO; in sea surface water may also substantially unisherrtine physiology of non-
calcifying organisms, such as by undermining thepiratory systems of fish and
marine mammals (Seibel and Fabry 2003, Portner )20@8the big picture, the
ocean’s ability to sequester atmospheric carbom geelogical time scales — known
as the “biological pump” — will decline, exacerlafithe problem of carbon dioxide
build up in the atmosphere (Sarmiento et al. 19P8yhaps most frightening is the
realization that the cumulative impacts of thesessirs may cause the breakdown
of the ecosystem services (i.e., coral reefs progidhursery and refuge for
commercially important food fish) on which humarepdnd on for health (Portner

2008).
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Governance related to ocean acidification
Confronted with impending environmental catastesgphthe following

question arises: how do humans reverse the trajeaoocean acidification and
ensure a sustainable balance between industry rancbement? Ideally, we would
simply develop regulations that reduce — until tredyninate — carbon dioxide
emissions. Unfortunately, this proposition is nealistic because new regulatory
systems cannot be implemented in a vacuum; they beudesigned within existing
governance structures and regimes. As such, detdleowledge of existing
institutions is critical to the design of a reatisand effective resolution to any
environmental problem (Bromley 1992, Hanna et 8P6). The chemical process
for determining levels of ocean acidification isIlestablished and straightforward
(Raven and et al. 2005), so the knowledge of exgsgiovernance, and the ability to
redress the lack of governance on this issue, besotine essential element in
reversing ocean acidification. The basis of thisecatudy is our belief that an
improved understanding of existing management ageney jurisdiction will
illuminate the key agencies, regulatory standards a&ffective policymaking
strategies necessary to develop a realistic rasolub the problem of ocean
acidification.
Pending legislation -- FOARAM

While there are no existing laws specifically addieg ocean acidification,
there is a pending bill in Congress to fund moseaech on the topic. The bill seeks

funding to monitor and analyze biological and egalal impacts of ocean
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acidification (Federal Ocean Acidification Reseaacil Monitoring, FOARAM, Act
of 2007). This bill proposes to support furtherai@sh on the process and impacts of

acidification on marine ecosystems

Existing water quality standards
Also on the forefront of ocean management discussis the Environment

Protection Agency’s (EPA) marine water quality e for human-induced pH
alterations and whether the findings by the IPECkest-case scenario of
atmospheric C@rises will be in violation (Caldeira et al. 2007Mhe EPA water
guality standard established in 1976 states tlair bpen ocean waters where the
depth is substantially greater than the euphotiezthe pH should not be changed
more than 0.2 units outside the range of naturatigurring variation . . . " (U.S.
Environmental Protection Agency 1976). Indeed 2&dieg experts in ocean
chemistry and atmospheric science found contireggdon emissions from fossil
fuel burning would cause the ocean to violate ¢higrion (Caldeira et al. 2007). Dr.
Ken Caldeira, scientist from the Carnegie Instini$ Department of Global
Ecology, asserted that “if atmospheric £gves above 500 ppm, the surface of the
entire ocean will be out of compliance with EPA gtidelines for the open ocean”

(Carnegie Institution 2007).

® The Intergovernmental Panel on Climate Change@)F€ an international
scientific body that evaluates the state of sdieninderstanding on climate change
and its impacts (www.ipcc.ch/).
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Related and overlapping governance
Despite the lack of any specific initiative to aglss ocean acidification, a

tremendous quantity of formal and informal managensgstems exist that directly
relate to various aspects of the problem. In otdegive context to the issue in
human terms, consider that humans rely heavily aiviaes and energy that emit
CO, from basic necessities to recreational luxuries. &ample, agriculture that
produces most of the food consumed in the UnitateStalso uses a large amount of
fossil fuels (Cleveland 1995). How do we managesioch tradeoffs? Institutiotfs
support each of these carbon-emitting activitied products, so developing a new
set of rules that aims to eliminate &&nissions would overlap with the jurisdiction
and priorities of the existing institutions. Likelyhe status quo would override
proposed regulation. The situation of unintended/@nproblematic overlapping
jurisdictions so commonly arises that social segsthave spent considerable effort
on the topic, referring to it asstitutional interplay(see e.g. Rosedal 2001, Young et
al. 1999, 2005 IDGEC). Although institutional irnpéay is more widely researched
on the international scale, the findings on theuraatof institutional interplay,

approaches and results can be applied at the ahtod local scales (Young 2002).

9 The definition of annstitutionencompasses “rules, cluster of rights, and desisio
making procedures” that guide human behavior (Ya0@R). As such,
environmental institutionefers to a management system that guides humaandse
abuse of the environmeriEnvironment regimeon the other hand, refers to an
institution or set of institutions that have a pautar target, such as fisheries
management, minerals management, water qualityalpetc.Governanceefers to
management in general and also the system of gperdient formal and informal
institutions that exist for the management of coasitd oceans (Juda 1999).
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Despite institutional challenges, confronting acteaidification is not a lost
cause. To move forward, it is crucial to recogrtizat no institution can be created
as if it exists or will exist in a vacuum. As suete can work within the context of
the existing governance by either proposing to myodihat exists or to develop
entirely new institutions. It is critical that amenstitution be created as a productive
partner in the existing web of institutions and oatise unintended interplay among
overlapping jurisdictions (Ebbin 2002). Thus, basel data about existing
institutions provides policymakers and stakeholdesdth a blue print of the
regulatory environment in regard to ocean acidiftcg so they can determine the
most effective strategies toward realistic resolutof the issue. For example, there
are numerous laws pertaining to the regulationaobaen dioxide (C¢ emissions, a
causal factor in the problem of ocean acidificatiSmilarly, there are monitoring
systems and regulations in place that pertain tdaldnce of water. Although these
laws were not written to address ocean acidificattbey can still play a role in the
institutional environment where, if reasonable eavnnstitution that directly tackles
ocean acidification could be developed.

The amount of governing law as a whole that inhigrethough peripherally,
relates to ocean acidification is enormous as aseguence of sector-based
management. Historically, in the United States rnachy other developed countries,
management of the oceans has been conducted wéhiors or industries, such as
fishing, mining, shipping, and recreation (USCORZ2Elliott et al. 2006, Cao and

Wong 2007). Government agencies, along with otrean-related stakeholders,
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recognize that this approach is no longer effectiith the increases in coastal
populations (and its associated development), ogedintion, and technological

advances, the human footprint left on the oceadscaasts is visible everywhere on
earth (Halpern et al. 2008). With industry pria@#ileading regulation, marine and
coastal uses (and abuses) were developed in aypatenanner within the sectors.
As a result, sector-based management has cre@edeanance system riddled with
gaps and overlaps in ocean law and regulation (Knetal. 1988, USCOP 2004,
Crowder et al. 2006).

Fragmented decision-making is fraught with proble@ee problem is the
negative consequences that result from overlapjpingdictions, such as when one
institution’s regulation conflicts with the actios objectives of another. Some of
these overlaps can be mitigated through improveardioation or collaboration.
Another common problem associated with fragmentadagement is the mismatch
of institutions in the context of the ecosystemisTik referred to as “the problem of
fit,” which calls attention to the potentially hafuh ecological implications of
developing institutions without adequate considerabf the relevant ecosystem’s
properties (Young 2002, Folke et al. 2007). Cle#ny fragmented nature of sector-
based policy-making is no longer adequate for thrapiexity of modern ocean uses
and the severity of poor management consequenegs (f@eans Commission 2003,
USCOP 2004). New methods for effective managemait for a broader
perspective and better use of information about itsitutional environment

(Sutinen et al. 2000, Juda and Hennessey 2001).
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Ecosystem-Based Management (EBM)
There has been recent momentum in marine policshtts away from the

sector-based decision-making to a more holisticr@gh that considers the
ecosystem. Policymakers commonly refer to thishwablogy as ecosystem-based
management (EBM) or an ecosystem approach to mareaggEAM). For the sake
of this project these concepts are the same inthiggt both require decisions to be
made with consideration @l ecosystem components, rather than decisions made
based on an activity, resource, stressor, speore$iabitat as an isolated entity
(McLeod et al. 2005). This approach, which shouél thilored to the physical
location’s biophysical conditions and socio-culturaconomic, and institutional
environment, can involved a vast number of polingtiuments to implement it
(Young et al. 2007). There is no cookie cutteriingbnal design for what EBM
looks like (Young et al. 2007), but what is key dffective EBM is a scientific
understanding of the existing institutional envirent and how EBM can most
seamlessly replace the fragmented system (Sutihah 2000, Juda and Hennessey
2001, Olsen et al. 2006).

The holistic approach of EBM is especially effeetifor environmental
problems that span multiple scales. Without EBMreadly have no way in which to
strategically address multi-scale issues such gmxXiwy zones, climate change
impacts, rising sea level, increased storm severdtyd ocean acidification.
Implementation of EBM provides a mechanism to tacklich issues through the

strategic development of cross-scale institutioivdtages (Berkes 2002). Cross-
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scale linkages may vary from global scale decisi@king between nations (Young
2002) or bottom-up initiatives at the local levdiat influence national or

international decision-making (Berkes 2002). A &indi approach is the only method
that has the capacity to take into account alleHastors.

It is critical to remember that human actions tgda our current
environmental issues; these actions were guided rarsgjuided from human-
constructed rule, rights, decision-making procesluasd societal values (Hanna et
al. 1996, Young 2002, Ostrom 2005). In human sgciastitutions play the role in
mitigating and allowing harmful human actions te #nvironment, and preventing
and facilitating multiple-scale environmental dieas (Ostrom 2005). But in order
to strategically and effectively redesign or modihstitutional systems so they
consider ecosystem services and properties thakegumuman behavior, we must
have a clear understanding of the existing complexfi governance (Cortner et al.
1998, Juda and Hennessey 2001, Olsen et al. 2006¥ critical that this
management baseline reflect a comprehensive vieall skctors since the gaps and
overlaps between and within sectors have produaedyraf the major roadblocks to

effective management (Crowder et al. 2006).

Foci of this case study’s institutional analysis
This case study aims to generate a comprehensaselibe view of
governance relating to ocean acidification by peniag quantitative analyses about

gaps and overlaps in the laws and regulations isfisisue. The problem of ocean
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acidification is analyzed within its broader cressde context. Thischain of
explanationis a tool borrowed from political ecology and wadeveloped, and is
employed in this case study, to place a specifublem in the broader framework
(Vayda 1983, Sutinen et al. 2000, Belausteguig@®@4, Robbins 2007). The utility
of a causal chain approach has also been stressed faamework to integrate
systematic and holistic analysis of sector-basedagement problems (Juda and
Hennessey 2001). My chain of explanation, as #tesl to ocean acidification, is
presented as a set of interdependent componentsinitiade human activities,
species, habitats, and biophysical processes. tabenthese components and
relationships make up a system which can be redasl@ conceptual ecosystem (or
even socio-ecological system).

The scale of this system spans from global to lotareased C®for
example, is a global problem, but its impact onipHhe ocean surface layer will
differ by region. And the organisms directly afiesttby the ocean acidification will
differ by location. This case study encompassesrthkiple scales for the system,

but focuses on one particular locale for the diranod indirect impacts. The

1 Quoted from Juda and Hennessey (2001:67): “Peraeti MeeThe Global
International Waters Assessmesiipra note 8 emphasize the importance of causal
chain analysis. According to them: “A causal chaia series of statements that
demonstrate and summarize, in a stepwise manmelinitages between problems
and their underlying or ‘root’ causes. Uncertais@&companying each linkage
should be clearly stated. The analysis also petpaitgers to resolving the problems
to be investigated. A causal chain presents tha@aff the problem itself, including
the effects and transboundary consequences, angtbkes the linkages between
problems and its societal causes. In its pracéipglication, it can serve as a model
into which regionally relevant information may Imseérted.”
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geographic focus for this case study is the Charnsl@inds National Marine
Sanctuary. The impact analysis considers the dingaact on calcifying organisms,
the indirect impacts on dependent organisms, aschall representative sample of
human system activities that depend on the impaatgdnisms. In future research,
this approach can easily be applied to other reggias well as include an expanded
or modified version of the ecosystem model. Whiterf resolution to these analyses
is possible, this project provides a starting p@nt foments discussions that will
contribute to developing policy to tackle the enmegghreat of ocean acidification.

In Part A, the gaps analysis measures and higkligge points of mismatch
between state and federal governance and the nibdelesystem. In Part B, the
degree to which each agency is involved in eaclct@d category) is presented.
The second part of the case study also presentsvarlaps analysis, which
guantifies the complexity of governance relatedach component of the modeled
system. In addition, complexity is calculated fbe tgrouped components in their
respective categories.

In conjunction with demonstrating the utility arohitations for these
analyses, these findings will provide preliminamnformation for policymakers
about:

* Where the biggest gaps in management are thag telaicean acidification;
* Within topics relevant to acidification, which dfigse involve the highest
degree of overlap complexity, and therefore maysgmé the biggest

roadblocks against institutional change; and
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« What agencies are involved in the relevant topi®&hich agencies
(empowered by which laws) would need to be involuedr coordination
effort in order to effectively prevent or allevial@rther ocean acidification

scenarios?

Using the answers to these questions, the disguseidPart B presents policy
recommendations in regard to what an agency (ssitheaChannel Islands National
Marine Sanctuary) can do to initiate a solutiomirthe bottom-up. The discussion
then expands to a larger consideration of what :\¢ecbe done to tackle ocean
acidification from the top-down. At the foundatiohthis analysis is the belief that
understanding the institutional environment in tbentext of ecosystem-based
management is the first step in proposing a saiutiocomplex issues such as ocean

acidification.
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PART A — GAPS IN MANAGEMENT

GAPS ANALYSIS INTRODUCTION
As with nearly every other environmental problengrenresearch needs to
be conducted to broaden our understanding of oaedlification and its ecological
repercussions; in the meantime, management agen€engress, and other
stakeholders involved in decision-making can mawsard developing a practical
solution. Finding a realistic resolution dependorup better understanding of
existing management systems. Laws and regulati@ige¢late to ocean acidification
span across multiple sectors and scales. It igcarito identify the gaps in this
complex web of governance in order to strategicadlgiress priority issues currently
unresolved by existing laws. Confronted with impegdenvironmental disaster and
the task of designing a holistic resolution thaegnates multiple sectors and scales,
researchers and policymakers must ask themselves:
« What are the gaps in management related to ocedifiGation?
* What institutions are involved in each aspect @ firoblem (from carbon
emission sources to ecological impact)?
Identifying gaps and relevant institutions assistscision-makers, managers,
scientists, and other stakeholders to perform dfleving: 1. prioritize problems to
be resolved based on the severity of identifiedsgapmd then 2. determine which
agencies, statutes, and regulations should be Jedolin mitigating ocean

acidification. This paper focuses on analysis,rprietation, and discussion of gaps
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in management because the unresolved issues itatiegufor ocean acidification
could result in environmental disaster. Part Bnig tase study considers agency and
jurisdictional authority and provides insight irtiow to fill the gaps in management
in order to thwart the progression of ocean aadifon.

This paper applies a technique that identifies ar@hsures legal gaps in
ocean management, combining approaches from sysesmokgy, information
retrieval and social network analysis. The legap ganalysis technique was
developed based on the idea that management tistgushould reflect the nature
and functionality of a relevant ecosystem (Yound20 An ideal system of
governance would take into account a conceptuatigeted ecosystem, defined to
include humans, and relate to the pieces of thateted system. As explained in the
case study introduction, an ecosystem refers toysiem of interdependent
components that relate directly or indirectly toparticular problem. This study
guantitatively establishes that Federal and CalifoiState laws fail to specifically
address the problem of ocean acidification. Addaity, the technique reveals
where current laws address problem areas and vgagre exist. This information
provides a baseline view of governance that pergllye relates to ocean

acidification, and can be used to develop poliay a@nagement recommendations.

BACKGROUND
This section presents a background summary of gapaysis. More
information about this technique can be found imghr 4. This section provides a

conceptual model of ocean acidification as a sysiémterrelated components and
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presents various aspects of the issue from carbss®ns to ecological impacts of
the predicted ocean acidification. For the purposdés making manageable
conclusions, the scope of this project is limitecatsample of predicted impacts as
they may occur in the Southern California Chanskinds region.
Legal gap analysis

The legal gaps analysis generates baseline dat@alieg disconnects
between the institutional management and the sfientomponents of an
ecosystem. This technigque was developed basedeaddh that to sustain ecosystem
services, management systems should “fit” or mdtah properties of a given
ecosysterf (Costanza and Folke 1996, Young 2002, Folke e2G07). Within the
traditional sector-based approach, mismatches etwmstitutions and the
ecosystem are common. For example, Crowder e2@06) categorizes two types of
mismatches that commonly appear in ocean managesatial and temporal. A
spatial mismatch occurs, for example, when the abdgy scope of a species spans
political borders. This difference in scale pregeany effective control over human
behavior outside the jurisdiction unless thereuisstantial effort in coordinating the
authoritative entities (Wilson 2006). Temporal matat refers to situations in which
there is a disconnect between time scales of alogical or biological functional

process and a human governing process. Impactsagnersystems can occur faster

12 Ecosystenin this dissertation refers a system of interdeleah components including humans,
other species, and biophysical processes andesnfilillennium Ecosystem Assessment 2005). As
such, an ecosystem, depending on the componecadido, and scale, inevitably spans multiple
sectors and industries.
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or slower than rigid institutional time scales,de® to a lack of policy response to
adequately adapt management effectively (Crowdat. @006, Wilson 2006). These
mismatches, as well as others, often are unintesdadequences of management
based on industry priorities and not ecosystemtiel(USCOP 2004). The gaps
analysis performed in this dissertation evaluatesmatches between institutions and
ecosystems at a more fundamental level. By focusingrelevant ecosystem
components, and linkages between institutions aodystems, the analysis reveals
whether regulation and law adequately addressariinvironmental issues such as
ocean acidification. Law is the medium by which gmment agencies exercise their
control across multiple atmosphere, ocean, andalosectors.

The task for identifying these mismatches objedyivand quantitatively for
any given ecosystem requires that the gaps analgsts whether critical
relationships between ecosystem components aredfonnlaw. The analysis
generates two outputs: (1) two metrics for the def fit between a user-defined
ecosystem and the laws of a geopolitical jurisdictiand (2) specific ecosystem
linkages missing from law, callaghpsfor purposes of this case study. A legap
in ocean management is when laws and regulation®tiaddress a critical linkage
between two components of a systdamkagescan include interactions among
species and/or habitats, or with biophysical cood#, or human stressors. The
methodology of this analysis exemplifies ecologgdahsocial science findings that

conceptually modeling the interdependent componehtan ecosystem facilitates
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effective and holistic environmental problem sotvi(Huggett 1993, Cordell and
Bergstrom 1999).
Ecosystem approach for ocean acidification

This project applies an ecosystem-based perspettivanalyzing ocean
acidification-related governance for purposes ofettgping a policy resolution
across sectors and ecosystems. The methodologydtsires a succinct discussion
of ocean acidification within the context of a largsystem (see Figure 7.1 for
conceptual diagram of modeled system). Next a ptatsen is made of the modeled
components of the larger ecosystem, these occaimnaind between various scales.

Appendix A explains the model construction in mdeail.

T CO2+CO32-+ H20 - 2HCO3-
Adidification

' More maring biota. i
I jacks \
Figure 7.1. Conceptual diagram of ocean acidificabn problem. Diagram shows
acidification process from the source of carbon ertters through the predicted
ecological impacts, specifically on the kelp foregicosystem of Southern
California Channel Islands. Conceptual diagram of eosystem relating to ocean
acidification. A. Source; B. Cause; C. Effect; D. Dect Impact; E. Ecological
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Impact; F. Human Systems Impact. Refer to Table 7.1or definitions of each
category. lllustration generated in Adobe lllustrator with Integrative
Applications Network (IAN) Ecosystem toolbox, 2008.

Conceptual model

Full comprehension of the system and extent of dbean acidification
problem necessitates identification of compondikages and a conceptual model
of those species and human activities impactedckgro acidification.
Categorization

The drawing of a conceptual diagram (Figure 7.1lliges six main categories
to represent the chain of explanation related tdifazation. Beginning with ocean
acidification (OA) as thdeffect (represented by a diamond in Figure 7.2), we can
look backwards to the source of this problem (repnéed by circles in Figure 7.2),
and then forwards to the anticipated impacts of @Ahe future (Figure 7.2).
Therefore, the boundaries delineating this systewompass both the sources of
carbon dioxide and the indirect impacts of OA. Tollowing categories explain this
system: (A) Source; (B) Cause; (C) Effect; (D) Birdmpact; (E) Ecological
Impact; and (F) Human Systems Impact (Figure E2ch category is represented
with multiple components (Table 7.1), each intarectwith one or more other
components in the defined system (Figure 7.1). Thisceptual ecosystem model
generates a symmetrical matrix of 40 componentdgomponents with each cell
indicating either the existence of a direct linka@®@ or no direct relationship
between components (0) (Figure 7.3). Each composigntwithin one of the six

categories so that additional cross-category aisatys be calculated.
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Order of occurrence — Categorical labels

Figure 7.2. Categories selected to conceptually meldhe larger system
surrounding ocean acidification (OA) and its interrelated components.
Categories are represented by shapes in the order which they occur. Each
arrow indicates the direct linkage between these twvcomponents. For example,
the Source (carbon emitters) directly impacts the Guse (atmospheric CQ); or
specifically, carbon emitters directly increase themount of atmospheric
CO..The two categories occur on different geospatiatales; as such, their
position along the y-axis indicates scale. Refer fbable 1 for each category’s
description, components, and scale.

180



Table 7.1. Categories investigated as relevant compents of the system (Source
to Impacts) of ocean acidification for the Channelslands National Marine
Sanctuary. Scale varies from local to global, or sifically the carbon dioxide
emitters occur on a local scale while their emissig impact the atmosphere on a

global scale.

Component Scale Component Term usedto
ID | Category | description represent
component
Transportation Local, Fossilfuel Fossilfuel
industry, carbon regional Transportation _transportation
emitters Shipping _shipping_
Cargo Cargo
Wehicle Vehicle
Car car
A Source Truck Truck
NMotor Motor
Energy production Energy production Energy produc*
from power plants Fower plant FPowerplant
Cement Cement _cement_
manufacturing manufacturing
Physical causeof | Global Carbon dioxide Carbon dioxide
B Cause ocean acidification Atmosphere Atmosphere
(atmospheric COz Carbon emission Carbon emiss®
increase)
Atrmmospheric Regional, Carbon deposition Carbon + deposit®
carbon deposition | global Sequestration Sequest
fromthe
atmospheretothe
C Effect ocean
DecreaseinpH Acidification Acidification
pH _PH_
Carbonate Carbonate
Selection of Local Flankion Flankion
calcifving Kelp Kelp
D Direct organisms and Lobster Lobster
Impact kelpinCha_nnel Squid Squid
Islands region Abalone Abalone
Lrchin Urchin
Species directly Local, Sheepshead Sheepshead OR
linkedto onear regional sheephead
mare of the Whale ‘Whale
specieslistedin Oftter _Ofter_
Ecological Directimpact Anchovy Anchov
E 9 category Sardine Sardine
Impact Mackerel Mackerel
Starfish Seastar
Mackerel Mackerel
Raockfish Raockfish
Seabird Seabird
Recreational or Local, Fishing Fishing
EConomic regional Harvest Harvest
gdivities commaon Whale watching Whale watch®
Human | inthe Channel Scuba diving Scuba div®
F | Systems Islands region that Recreation fishery Recreafion fish*
impact directly relate to Commercialfishery | commercialfishe
components inthe
Directimpactor
Ecological Impact
category
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Linkages between components
Using the components listed in Table 7.1, this eatisn summarizes the

inherent linkages among categories that are predebtoadly in Figure 7.2.
Following the x-axis (from A to F), the first catay is the principaBource which
refers to the burning of fossil fuels by the tramsation and industry sectors, as well
as other activities emitting GOEmissions caused by fossil fuel consumption and
the resulting increase in the concentration of aheric carbon dioxide are the
physical Causeof the mounting uptake of inorganic carbon inte tbcean. The
Effect (the primary focus of this model) on the ocearoiser pH and reduced
carbonate availability; a process scientificallykm as ‘acidification’ (Caldiera and
Wickett 2003). This sequestration changes the csteynof the ocean surface water,
eventually producing a decrease in carbonate coratem. Acidification has a
Direct Impact on the physical oceans and the marine biota, edfyefor those
organisms that use carbonate to develop shellb, asipteropods, foraminifera, and
coccolithophores (Feely et al. 2004). These caloifylankton are essential food to
other commercially and aesthetically important sggcsuch as salmon and baleen
whales. Moreover, acidification raises the depththad carbonate supersaturation
horizon. This diminishes calcifying zooplankton habbecause waters saturated in
carbonate dissolve their shells (Feely et al. 2004us ocean acidification impacts
the fitness of calcifying plankton in two major rhanisms — decreased availability

of carbonate for producing shells and reduce hiabita
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While many direct impacts of this chemical altematthreaten ocean health,
the most studied concern is the effect of oceadifazation on calcifying organisms
(Orr et al. 2005, Gazeau et al. 2007). Chemicalsaking, the increasing uptake of
carbon dioxide combines with water B) and carbonate ¢€0s;), decreasing the
ratio of the ocean’s carbonate to bicarbonate (BI®0Os):

CO; + CO* + H,0 > 2HCOy
(Orr et al. 2005)

If this process continues to diminish levels of bcarate then calcifying
organisms in the Southern California Channel Istanefjion, such as pteropods,
foraminifera, lobster, crab, and urchins, will hanadequate supplies of carbonate to
form their shells (Orr et al. 2005). Scientistsdacethis will reduce the survivorship
and likely the overall fitness of the populatiof®cent studies have shown that
lower pH levels will have a negative direct impact kelp (Klinger and Kershner
2008), as well as the physiological functionalifyneany non-calcifying organisms
(Portner 2008). Kelp has been included in the extesy model as a directly
impacted organism, although other non-calcifyingamisms have not been included
in the model as directly impacted components bexthes science is less established
on these system components. Calcifying planktonase fundamental building
blocks to marine food webs, providing sustenancdéists, marine mammals, and
invertebrates (Hays et al. 2005). The reality & thhether we focus narrowly on the

fithess impacts on calcifying organisms (Orr et 2005), or expand the scope to
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include non-calcifying organisms, ocean acidificatstill has a broadcologicaland
human system impa(@rewer 2007) that scientists have only begun tn&re.

This synopsis of conceptual linkages vindicatesube of the components’
categorization, which then leads to the developnoérda more detailed matrix of

linkages between components within and betweeragdigories (Figure 7.3).
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Figure 7.3. Matrix of conceptual ecosystem model prining to the components
of ocean acidification relative to the Southern Caflornia Channel Islands
region. Cells indicate whether there is a linkagel{ or not (0) between the two
corresponding components. Colors group componentsto their relevant
categories (Table 7.1). PINK= Source (A); ORANGE= @use (B); YELLOW=
Effect (C); GREEN= Direct Impact (D); BLUE= Ecological Impact (E);
PURPLE= Human Systems Impact (F).
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Scale
Fundamentally, ocean acidification is a cross-spatdlem. The location of

the Source is not directly linked to where impactws. For example, CQOs
emitted by individuals or entities, but it is thenaulative abuse of the individual
emitters around the world that cause ocean acadifin. That being said, emitters
are a local to regional scale concern especiatigesicertain regions, such as the
United States, contribute more carbon dioxide eiomssthan most other parts of the
world. The rising atmospheric GOs a global issue because it causes worldwide
changes in climate and ocean pH levels. The creae-sature of ocean acidification
is also apparent in the fact that while increassetdan dioxide in the atmosphere and
its effect on pH levels is a global problem, thgrée of impact will vary by region
based on temperature, upwelling, and other localegional biophysical factors.
Research has indicated that the variance in thectetif ocean acidification in a
specific region will not necessarily correlate witie carbon emissions produced in
that region (REF). The polar regions will experienthe most severe and rapid
impacts because of cold-water temperatures andlteady limited habitat in which
marine organisms can survive (Orr et al. 2005). ddesstal waters of California will
also experience more severe impacts than otheonedbecause its waters are
already low in oxygen and high in GQ@ue to upwelling (Childress and Seibel
1998). Therefore, the addition of G@ombined with warming will further decrease
the oxygen concentration and thus be less ablegpast higher life than the coastal

waters at the same latitude in the Atlantic (PBrewer, pers. comm.).
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Caveat about modeled ecosystems
Some may argue that this analysis will be biagsethfthe start because it

relies upon a user-defined ecosystem. Howeverthakeobservation might be, it is

also true that the ecosystem itself is always adninonstructed entity delineated by
arbitrary boundaries. For purposes of understandipgcies, habitats and other
components as a system of interdependent partgcthe&ystem concept provides a
theoretical and tangible foundation for analysmsstudying issues related to global
environment change, it is far more useful to ackedge the complexity of systems
than to investigate the behavior and functionality single component in a vacuum
(Golley 1996). The boundaries of an ecosystem neapdsed on biogeography or
climate factors, but these scientific variableslwailvays be social constructions.
Thus at a fundamental level, while ecosystems m@ayakhuman construct, they
provide us with an understanding of the world iniclihwe live by systematically

reducing complexity to manageable units with bouleda(Huggett 1993).

DATASET
Dataset

The dataset used for this gaps analysis includesg®opolitical levels of
management, U.S. and California State laws, bottwloich are relevant to the
impacted region of interest. A collection of coddi statutes and regulations was
utilized to represent management. While the majooit state and federal laws
compiled in the dataset specifically relate to marand coastal issues, a large

number of state and federal documents in this clati@n represent air quality
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regulation and pH monitoring. Chapter 3 of thissdisation describes the federal and
state marine and coastal portions of the datasppeAdix B contains more
information on the selection criteria and a liseadfditional laws. In summary, a total
of 33,405 sections of United States federal law ragdilation and 32,820 sections of
California State law and regulation were queriethmtext analysis.
Constructing law matrices for analysis

The conceptual system model matrix in Figure 7. 3aestrates how a term
or phrase represents each modeled component. €gaeincy of the 40 relevant
terms in each document was counted and organizedaiterm-document matrix.
Two term-document matrices were generated for &aai of management; federal
and state. Utilizing the social networking softe’&fCINET Version 6.182 (Borgatti
et al. 2002), the affiliation function was employaa each term-document matrix to
sum the co-occurrences of documents. For both statk federal levels of
management, this produced a symmetric matrix ehdeloy terms—mimicking the
structure of the modeled system (Figure 7.3)—extleat each cell contained the
number of documents that refer to the relevantseithis produced a matrix that is
structurally identical to the conceptually modessmbsystem (Figure 7.3). Therefore,
these two matrices enable a direct comparison legtvilee model ecosystem and

laws to determine whether the linked componentaadel occur in the law.

METHOD
The methodology to identify and quantitatively lexsie gaps in management

requires the following actions: 1. Create a terrowaoent matrix of ocean laws to
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produce a law network, where components of the meddescosystem are

represented as terms in law; 2. Identify legaps these being specific modeled
links absent in a law collection; 3. Calculate tmetrics that indicate the degree to
which the management is riddled with gaps: firstato of legal gaps to system

linkages (G), and second, a quadratic assignmestegdure test to measure the
degree of statistically significant correlation (Retween the linkages in the
ecosystem model and linkages in the laws; 4. lagtly gap metric, G, is performed
on subsets (blocks) of the matrices for a finelessgnthesis of the gaps.

Measuring gaps across whole networks

The affiliation law matrices and ecosystem modelkwvim conjunction to
measure the extent of mismatch (or gaps) in manegemAs described and
demonstrated in Chapter 4, the two approaches meedlse degree of mismatch
from gaps; first, the correlation between netwqiR$ and second, the ratio of gaps
to links (G).

QAP Correlation (R)

A network analysis statistical procedure was fustd to evaluate the overall
degree of misfit between the laws and the concépashecosystem. The degree of
similarity between a law matrix and a system modetalculable utilizing the
Quadratic Assignment Procedure (QAP) correlatiohe TQuadratic Assignment
Procedure (QAP) computes the correlation betwedmesrof two square matrices,
“and assess[es] the frequency of random measurésges as actually observed,”

(Borgatti et al. 2002). The algorithm provided b€ MET software has two steps:
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In the first step, it computes Pearson’s correlatmpefficient . . . between

corresponding cells of the two data matrices. Ire thecond step, it

randomly permutes rows and columns (synchronowdlygne matrix (the

observed matrix, if the distinction is relevant) damecomputes the

correlation and other measures.

The second step is carried out [ten thousand] timesrder to compute the

proportion of times that a random measure is largen or equal to the

observed measure calculated in step 1. A low priopoK<0.05) suggests a

strong relationship between the matrices that ikety to have occurred

by chance. (Borgatti et al. 2002)
Two types of QAP correlation results exist for measgy fit of laws to an ecosystem.
First, high similarity (high correlation measurerjenith high significance (low p-
value) shows that linkages in the modeled systenaddressed similarly in the laws.
This result has two potential interpretations. laymreveal a recognition of
interdependencies among components by the managementhe system.
Alternatively, a high correlation can reflect owgrping jurisdictions, a different
problem caused by fragmented decision-making. @perhg jurisdictions typically
arise when multiple agencies manage a single issuesource without sufficient
interagency collaboration (see Chapters 5 and 83rl&ps in jurisdiction result from
a lack of strategic coordination between institasi@nd often cause conflicts and/or
inefficiencies.

A second type of QAP output results in a correlatralue that is (or is close

to) zero. This result demonstrates high legal fragtation (or mismatch) for the
modeled ecosystem and exposes a common policy-magitfall in which

ecosystem linkages have not been considered. @ type of correlation result value

could be a negative value that is statisticallyngigant. This output indicates that

189



laws were made avoiding system linkages and linkungrelated modeled
components.
Additional QAP Correlation: Comparison of Jurisdants

An additional set of QAP Correlation tests werefgrened to compare one
jurisdiction’s affiliation law matrix with that ofnother. A high QAP correlation
would reveal that the two jurisdictions dealt semy with linkages between
modeled components (indicating a potentially goibd A zero correlation would
reflect that the two jurisdictions did not addrekiskages similarly, or put
inconsistent emphasis on components. A negativeelation (with p-value <0.05)
would indicate that one jurisdiction addresseddés that the other did not.

Ratio of weighted gaps to links (G)

Following the QAP tests, a basic calculation okmmatch was performed
based on the number of observed gaps relativeetmtimber of modeled linkages.
Because there is no range of strengths in the Ifoksthe development of the
ecosystem model in this paper, there was no weigli place for the linkages. The
degree to which management is riddled with gaghasnumber of gaps divided by
the total number of modeled system links (Equafipnin effect, this is the ratio of
the gaps in law to the total modeled links.

_ #gaps
#linkages
Equation 1. “G” represents the proportion of legalgaps to modeled links. (gaps

= number of modeled links absent from law; linkages number of total
modeled links in the system)
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This measur& serves as an index of the degree of mismatchghA &core
indicates a high number of gaps, indicating higrsmatch within the modeled
system. Conversely, a lower score would demonstateser match between the
institutional management and the conceptually mextlel/stem. The G index enables
comparison across jurisdictions within the sametesys models, as well as
comparisons across different modeled ecosystenmen Ewa system resulted in high
positive QAP correlations, this second test prowide useful evaluation of the
number of specific linkages absent from the lavgsilaing that system.
Comparisons among subsets (“blocks”) of modeled q¢sn and law matrices

Finer resolution of network comparison coupledhwihe G metric can
guantitatively reveal the location (in the modeémbsystem matrix) of any patterns
of gaps in law compared to the ecosystem modek Mmethodology divided cells
(representing individual linkages) in the ecosysteimdel matrix into interaction
types corresponding with the categories of Souftayuse, Effect, Impact, and
Ecological Impact, and Human Systems Impact (Talg. The cells representing
relationships between components of each categerg wectioned into individual

“blocks” (Table 7.2).
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Table 7.2. Block identification numbers within ecogstem model matrix used for
the block-based analysis. Letters represent eachtegory in order of
occurrence, according to Table 7.1. Blocks 1-6 repsent linkages among
components within a single category. Blocks 7-12 peesent linkages between
components of two categories. For example, Blocklinkages in the modeled
ecosystem matrix between categories of Source anduise.

Source Cause | Effect Impact Eco Impact | Human Impact
(A) (B) (©) (D) (E) (F)
A 1 I 12 16 19 21
B 2 8 13 17 20
C 3 9 14 18
D 4 10 15
E 5 11
F 6

The higher resolution of network comparison allowssto see patterns of
gaps across the entire system. For example, is thpattern of legal gaps within the
matrix, or are gaps evenly distributed throughtat modeled ecosystem network?
Our null hypothesis revealed the latter, that tapsgare evenly distributed. If the
gaps are not evenly distributed, this suggests sbate blocks are more severely
mismatched with the ecosystem than others. In tefmpslicy, this would lead us to
specific priorities within the system; blocks thsttow up displaying a higher
proportion of gaps relative to modeled links shdutdtagged for policy review.

To test this hypothesis the G metric was employ@dcampare whole
matrices against each other. This metric was calledlfor each block, rather than on
the matrices as a whole, so that both metrics dummetion of blockn. In addition,

tests were performed as a function of managemealt, lso that both metrics were a
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function of n and, wherej represents the geopolitical jurisdiction. Therefahe

new G measurement was calculated by:

block n. Table 7.3 shows the number of links modetieper block.

G(n, j) = #ggps{n, )
#links(n)
Equation 2. The metric indicating degree of mismatas between laws and the
ecosystem (G) is performed on each block. Appliechdhe block-level (see Table
7.2),j is the jurisdiction or management level (federal pstate); n is the block
number; gaps(n,j)are the number of blockn modeled links absent from the law
matrix of jurisdiction j; and links(n) is the total number of modeled links for

Source Cause Effect Impact Eco Impact | Human Impact
(A) (B) (©) (D) (E) (F)
A 30 33 1 1 2 6
B 3 15 6 0 0
C 10 17 0 0
D 6 17 13
E 9 34
F 8

Table 7.3. Number of modeled linkages per block. Helers of rows and columns
correspond to categories of the modeled ecosystemriated to ocean acidification
(see Table 7.1, Figure 7.3)

In addition to providing insight on distribution @faps, the block-based
analysis allows us to compare any patterns andilpesdifferences in gaps within
the state and federal bodies of law. If the bloakdd pattern between these two
levels of law differs substantially, this could eotally reflect a multi-scalar
incongruence between federal and state governamceslation to the relevant
ecosystem. Alternatively, the difference may suggeat the federal government

more thoroughly regulates certain issues, whilewtbsues are left to the State. If

patterns appear similar on the federal and stat,léhis may indicate that federal
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and state law is consistent in how it manages comps and linkages in the
modeled system.
Identification of specific legal gaps

In order to determine specific legal gaps for eachle of management, it
was necessary to identify the modeled linkages dnatzero in each law matrix.
These gaps reveal instances where two terms, eaphesenting different
components in the modeled ecosystem, did not agpgather in the same section
of law for a particular jurisdiction. To facilitaiaterpretation, these gaps have been
listed by their corresponding block. Additionallyystem-wide legal gaps, in the
context of the system model, could be identifiechgishe sum of both law matrices.
An existing linkage scoring zero for the sum of neats revealed a gap common to

all geopolitical levels of management investigated.

The following questions can be explored using thieck-based analysis in
combination with the list of specific gaps:

» Are gaps more severe in any particular blocks?

* How do the gaps vary across levels of management?

* Does the state law recognize links that federaldaes not?

RESULTS
This section reports the results for the analysislmwle systems (by scale of
management, state and federal), for the block-bessdts, and for the specific list

of identified gaps. Although various legal gaps sged for each jurisdiction, both
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metrics of fragmentation revealed that Californiat& law and United States Federal
law showed similar degrees of misfit in the contektthe modeled ecosystem.
According to the block-based synthesis and thet(®,rthe gaps are highest in the
blocks that involve modeled relationships withire tbategories directly related to
ocean acidification (OA), as well as the linkag@esoag living marine resources.
Two other blocks in federal law and one block iatestlaw also measured a high
degree of mismatch but were completely irrelevanO®\, and therefore removed
from the final interpretation.

Results have been presented in the following ordg): frequency of
documents within which the modeled components sedureferred to as the term-
document matrix; (2) calculation of two metrics qmaring modeled ecosystem
matrix to law matrices, referred to as the R catreh and G ratio; (3) block-based
G ratio analysis; and (4) identification of specitgal gaps.

Term-document matrix data

Figure 7.4 presented a summation of the total setdf law containing each
component of the ocean acidification ecosystem mdde both federal and state
laws. A total of 5,395 sections of law for Califarand 7,011 sections of federal law
referred to at least one component. For each jatied, matrices were created using
UCINET’s affiliation function for purposes of calating the number of laws co-
occurring for each pair of components. This proggsserated a total number of

laws in which each pair of components occurs.
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Figure 7.4. Number of law sections that contain eacerm. Each term
represents a component of the modeled system invislg ocean acidification (see
Table 7.1).

Whole network comparisons

Measure of Fragmentation — QAP Correlation (R)
To apply the correlation method of measuring tegrde of fragmentation

(R), UCINET Version 6.187 (Borgatti et al. 2002) svamployed to test for a
similarity between the square affiliation matriotn each jurisdiction and the matrix
representative of the ecosystem model. QAP coivelaests produced a list of
correlation coefficients and associated p-valuesbld 7.4). Although a number of
linkages between components of the ecosystem sarfac both state and federal
law, many linkages were also absent. Laws of bethpglitical jurisdictions showed
weak correlation (from 0.22 to 0.26), with strongtistical significance in their

relationship to the modeled system.
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Table 7.4. QAP Correlation results for linkages beteen the modeled system
components and sections of laws.

Comparison of sector R p-value
model with:

California 0.22] <0.001
United States 0.268 <0.001

Additional QAP Correlation- Comparison of Jurisdictions
Following the measure of fit between the ecosysteadel and laws, the

QAP correlation procedure in UCINET was run to difgrthe extent of similarity
among the federal and state law data matricesommparing the two geopolitical
jurisdictions, the comparison calculated a 0.868etation demonstrating similar
instances of linkages. The probability that thighhcorrelation measure occurred by
random chance is, or is close to, zero (p-valu®Gl). Comparison of Table 7.4
values, with the state to federal correlation, ateated the significantly higher
correlation among the two geopolitical jurisdictsomelative to the correlation
between the ecosystem and each geopolitical jetisdi This finding quantitatively
confirms that state and federal law acknowledgefdids to acknowledge) linkages
in the ocean acidification ecosystem model mordlainio one another than either
acknowledges the modeled ecosystem linkages.
Measure of mismatch- Ratio of weighted gaps to lirk(G)

The degree of mismatch was calculated for botlsdigtions, as shown in
Table 7.5. For the ocean acidification ecosystendehoCalifornia State laws
measured the higher G of 35%, while the UnitedeStameasured a slightly lower

degree of mismatch at 26% (Table 7.5).

197



Table 7.5. QAP correlation test results for oceanadification ecosystem
linkages reflected in laws across two geopolitic@lirisdictions.

Degree of
Geopolitical mismatch from
jurisdiction Measurement # gaps gaps (G)
Gaps 73
California Links modeled 211 35%
Gaps 55
United States | Links modeled 211 26%

Block-based comparisons between subsets of modelgtem and law matrices
Representation of the categorical relationshipshef components required

the division of each matrix (modeled ecosystem taradlaw matrices, all having the
same structure) into subsetsptwcks as shown in Table 7.2. Performing the G ratio
of gaps to modeled links on these blocks providegirepsis of gap patterns within,
and between, each jurisdiction. The block-basedysisashowed that for both state
(Table 7.6) and federal law (Table 7.7), the bloekth the highest degree of
mismatch from gaps were Block 13 (representingslibketween categories Cause
and Impact, B and D), and Block 16 (links betweategories Source and Impact, A
and D). For state law, the G ratio measured 1008bdvh blocks 16 and 13. The
federal law measured 100% for Block 16 and 83%Block 13, indicating slightly
less fragmentation for the latter. Block 9, whidpnesents linkages between Effect
and Impact (C-D), ranked third for both state aadefal levels with 65% and 59%

respectively.
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Table 7.6. State law G proportion of #gaps/#linksHigher percentage indicates a
higher degree of mismatch from gaps. Asterisks (*point to blocks that involve
linkages completely irrelevant to ocean acidificatin. Further analysis omitted

these irrelevant linkages (Figure 7.5).

Source | Cause| Effect | Impact| Ecolmpact| Human
California (A) (B) © (D) (E) Impact (F)
A 23% 27% 0% | 100%* 50%* 0%
B 33% 60% | 100% 0% 0%
C 60%| 65% 0% 0%
D 33% 47% 8%
E 44% 21%
F 0%

Table 7.7. Federal law G proportion of #gaps/#linksHigher percentage
indicates a relatively higher degree of mismatch tm gaps. Asterisks (*) point
to blocks that involve linkages completely irrelevat to ocean acidification.
Further analysis omitted these irrelevant linkagegFigure 7.5).

United Source | Cause| Effect | Impact | Eco Impact Human

States (A) (B) © (D) (E) Impact (F)
A 0% 18% 0% | 100%* 0%* 17%
B 33% 33% 83% 0% 0%
C 30%| 59% 0% 0%
D 33% 65% 31%
E 33% 6%
F 13%

Upon closer view of this block-based analysisreéheere a few blocks that
ranked as highly fragmented but had nothing to dth vacean acidification
(indicated with asterisks in Table 7.6 and Tabl@.7For instance, a legal gap was
found in California law betweeplankton and power plant Since this modeled
linkage was the only one in its block, its abseincstate law produced a G of 100%
for that block. While this linkage undeniably esisbetween the two system
components, the relationship does not relate tgptbblem of ocean acidification.

Therefore, Figure 7.5 displays a contour plot ef @& measures for both jurisdictions
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and unrelated blocks were removed from this vidliaplay of the block-based

results.

A. State of California law B. Federal Uniteatst law

A B C D E F

Figure 7.5. Contour plot of block-based gaps analysfor the system involving
ocean acidification. Light color indicates high raio of legal gaps to ecosystem
linkages in the block (up to 1, as indicated on thkegend color bar). Gaps
irrelevant to ocean acidification system were remaad from the contour plot
(i.e., whales/shipping, power plant/plankton). BotHfederal and state laws have
peak degree of gaps at the same areas: linkagesween categories of Cause
(carbon emitters) and Direct Impact (kelp and caldying organisms), and
between categories of Direct Impact and Indirect Ealogical Impacts. The peak
degree of gaps demonstrates that laws made for cam species have been
written without ecosystem linkages (modeled for o@n acidification) taken into
account.

The state and federal plots of the block-basedysisarevealed two main
peaks indicating mismatch (Figure 7.5). The mosgkisgy peak is in the upper
middle of both diagrams. This peak demonstratesgh boncentration of gaps
between B-C (Cause and Effect), C-C (Effect ance&jf and C-D (Effect and

Impact) and climaxes in B-D (Cause and Impact)sTihist peak relates to issues
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associated with ocean acidification. For examplé&cB 8 (interaction between
Cause and Direct Impact, B-D) was the summit of flgak with 100% mismatch (G
ratio) for state law and 83% mismatch for fedeaav.| This block contains linkages
between CQ(Category B) and several species (Category D} asglankton, kelp,
lobster, squid, abalone, and urchin. These modelkdges compose the connection
between the ocean acidification process and itgegd impact on marine
organisms. As such, the fact that these linkagesat found in law legitimizes the
anecdotal concern of many scientists and othezeci about the lack of law to
tackle the impending environmental catastrophe.

The second peak was in the lower right side ofcbr@our plots, involving
interaction types D-E, E-E, and slightly E-F. Tipigak contains linkages between
living marine resources and human activities depehdipon them. The degree of
mismatch was lower in state law at its summit tttan federal law. The state law
measured 44% for the interactions in E-E (Blockasid D-E was 47% (Block 10).
The latter peaked at D-E with 65% of mismatch frgaps (Block 10). These
categories (D, E, and F) are all species or adgvithat depend on marine species.
At first glance this peak in gaps appears to belewant to ocean acidification;
however, it may reflect a fragmented decision-mgHor all the impacted species. If
not addressed strategically, this fragmentatioriccoreate an obstacle to monitoring

and developing a united front to adequately cortfomean acidification.
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Legal Gaps ldentified
Across both the state and federal levels of managge there were 40

ecosystem links absent from law. While Table 7 &vtes the list of all gaps, a few
noteworthy patterns emerged. State law had six gap®e linkages among Source
components (Block 1), five of which involved thengaonentfossil fuel Federal law
had zero gaps in this block. Block 8 (B-C) contdigaps for both jurisdictions that
involved carbon emission(B) and terms in reference to the process of ocean
acidification (C). Six gaps emerged involvicgrbon emissionalthough 13 state
sections and 14 federal sections of law referredhts phrase in the document
collection investigated.

Table 7.8. This table presents the dyads of compams in the ecosystem model.
Circle symbols (#) indicate relationships not linked in the legal sgtem. For
example, no section of law in the collection contas both the terms “plankton”

and “squid,” a linkage specified in the ocean acidication ecosystem model
(Figure 7.3). Relationships are organized accordintp Block ID, for which the

corresponding interaction type is listed. Interacton type refers to the categories
with which the modeled linked components are assated.

Block Interaction Type Jurisdiction us CA

ID , Federal State
Interaction
Fossil fuel-shipping 3 °
Fossil fuel-cargo 2 °

1 Source-source (A- | Fossil fuel-car 3 °

A) Fossil fuel-truck 12 °

Fossil fuel-energy production 8 °
Energy production-power plant 3 °
Carbon dioxide — carbon 3 °

2 Cause-cause (B-B) | emission
Atmosphere-carbon emission ° 2
Deposition + carbon — sequest 3 °
Deposition + carbon — ° °
acidification

3 Effect-effect (C-C) | Deposition + carbon — carbonate 3 °
Sequest* — acidification ° °
Sequest*-pH 3 °
Sequest*-carbonate ° °
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Direct impact-direct
impact (D-D)

Plankton-squid

Plankton-kelp

E-E

Anchovy-bird

Sardine-bird

Mackerel-bird

Rockfish-bird

Mackerel-rockfish

F-F

Harvest-scuba diving

|0 0 (| Ne

A-B

Fossil fuel-atmosphere

[EEN
N

Energy-produc*-carbon dioxide

Power plant- carbon dioxide

Energy produc*-atmosphere

Fossil fuel — carbon emission

Shipping-carbon emission

Cargo-carbon emission

Car-carbon emission

Energy produc*-carbon emission

Power plant-carbon emission

Cement-carbon emission

B-C

Carbon emission-carbon +
deposition

|0 0 (0o 0|0 0 WN|F

|0 0 LMo e o006 0 0 U6 e 6|0 0 o

CO2-sequest

CO2-acidification

Atmosphere-sequest

Atmosphere-acidification

Carbon emiss*-deposition +
carbon

oW hiFLIN

Carbon emiss*-sequest

Carbon emiss*-acidification

Carbon emiss*-pH

Carbon emiss*-carbonate

C-D

Acidification-plankton

Acidification-kelp

Acidification-lobster

Acidification-squid

Acidification-abalone

Acidification-urchin

pH-lobster

pH-squid

pH-abalone

Carbonate-plankton

Carbonate-lobster

Carbonate-squid

10

D-E

Plankton-whale

Plankton-anchovy

Plankton-sardine

Plankton-mackerel

Plankton-rockfish

Lobster-otter

Squid-whale

[ A BN BN BE BN BEK BE BN BIIN BN BE RIS IK BN BN BE BN BN BE BN BN J

[ K BN BEK BE BN BEK RIS IN B BIIN BN BN BE BN BN BE BN BN BN BE BN J
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Squid-bird ° 3
Abalone-otter [ 2
Urchin-sheephead ° 1
Urchin-otter ° °
11 E-F Harvest-scuba diving ° 9
12 A-C No gaps - -
CO2-plankton ° °
CO2-kelp ° °
CO2-lobster ° °
13 B-D CO2-squid 1 .
CO2-abalone ° °
CO2-urchin ° °
14 C-E No links modeled - -
Sheep(s)head-scuba diving ° 1
Whale-scuba diving ° °
Otter-scuba diving ° °
Otter-recreational fish* 2 °
15 D-F Anchov*-recreation fish* 2 o
Sardine-recreational fish* 2 °
Mackerel-recreational fish* 3 °
Starfish-scuba diving ° °
16 A-D Energy produc*-plankton ° °
17 B-E No links modeled - -
18 C-F No links modeled - -
19 A-E Shipping-whale 4 °
20 B-F No links modeled - -
21 A-F Motor-whale watching ° 1
DISCUSSION

The following discussion presents an interpretawdrresults, preliminary
policy implications of findings, next steps, anduite work.
Interpretation of results

The results of this project demonstrate that atamfial degree of mismatch
exists between the modeled ecosystem and relevamt relating to ocean
acidification. In addition, two main patches ofeatively high degree of mismatch

for both state and federal law emerge from theltgsu
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Whole networks
When looking at the whole network analysis of statel federal law, in

relation to the ecosystem model, the two jurisditsi have a similar degree of
mismatch. The correlation value (R) was low betwinenlaws and ecosystem model
relative to the high R among the state and fedkral matrices. This finding
indicates that state and federal regulations areagiag ocean issues in a similar
manner but not in the context of the modeled system

Block-based analysis

Overall, the block-based analysis proved to béequseful for the synthesis
of the gaps analysis as it revealed patterns wittdividual geopolitical jurisdictions
and facilitated a comparison of patterns acrosstwee management levels. The
block-based results for state and federal collestishowed clear areas of higher
mismatch compared to other parts of the OA syst&fter irrelevant block data
were removed, the two peaks of high mismatch dyemd indirectly related to
ocean acidification.

The larger peak of mismatch, directly associateth wcean acidification
terminology (pH, acidification, carbon depositionsequester, carbonate),
demonstrates the absence of law to address thisggrgesnvironmental problem
and its predicted biological and ecological impiicas. This data may appear to
state the obvious but it is fundamental to veridyithe accuracy of the entire
analysis. In the best-case scenario five or temsy@am now, repeat analysis ought

to show that these gaps have been filled: assummagmanagement institutions
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make progress toward the mitigation of OA. Of ceutbe ecosystem model should
continue to be improved with more robust scientifiederstanding of the impacts
and feedbacks associated with temperature and telictzange. In the meantime
however, a statistical analysis that generatestgaave output of where gaps in law
exist provides policymakers with a blue print f@veloping new legislation.

The second peak is likely a product of speciesiipedecision-making
within the living marine resources sector (LMR)KiRih et al. 2004), and may be
depicting the species-specific strategy in law camrfor LMRs. This high degree
of mismatch within a single sector poses an adwili@bstacle to the resolution of
the ocean acidification problem because it exemeglithe lack of cohesion within
the LMR regime. These findings demonstrate thatpitytaw does not adequately
address important issues related to OA and otheireemmental problems, and
substantiates the urgency of ecosystem-based iBsheranagement. Gaps analysis
and a finer resolution block-based analysis provadeersuasive argument: why
LMR management should evaluate the current regylastrategy and consider
multiple species and habitat interactions in fig/ermanagement (Pikitch et al.
2004).

Legal gaps identified

Certain absent linkages in both state and federhagement laws were

especially noteworthy. For example, in Block 3 (C4Ge absence of a linkage

betweencarbon + depositand acidification is a severe gap. It indicates a lack of
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acknowledgement between the two components, andifisgy that no formal
institutional arrangement even recognizes the @®oéocean acidification.
Potentially, absent linkages betwepower plantand carbon dioxide and
power plantand carbon emissiorare also gaps for California State law. This is
surprising considering that California touts iten@te change and greenhouse gas
emission policies (Barringer 2006). The Intergoveental Panel on Climate Change
(IPCC) reported in 2005 that compared to any o#emtor, energy produced by
power plants each year emits the largest propomibi€O; into the atmosphere
(IPCC 2005). In 1999, California G@missions from the Energy Sector were over
350 million megatons (http://www.climatechange.oa&/golicies/images/fig6a.jpg).
Furthermore, as of 2005, California had 388 povants dependent on gas andbil
(California Energy Commission 2007). In additiongge power plants that burn oil
and gas produce 74% of the state’s total capaditgnergy used in California
(California Energy Commission 2007he State of the Carbon Cycle Repg@@07)
found that North America’s carbon emissions fromssibfuels contribute 27% of
global emissions (SOCCR 2007). Thus, the statesbaisubstantial amount of fossil
fuels, contributing to the increased atmospheric, Gt appears to fail to
acknowledge the interconnection between power plamd CQ emissions. The
evidence of the link between power plants and €Qissions is clear scientifically.

The undeniable connection necessitates more igadistn by policy experts to

13 This number refers to power plants that produdeast 0.1 megawatts of energy
(California Energy Commission 2005).
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determine why this analysis identified a gap betw#ese two critical components.
The data output may truly be revealing a gap omaty be a case of different
terminology used in the laws than was employedhis study.

Preliminary policy implications of findings

The gaps analysis results provide a springboarfilittce action. The next
step involves investigating how to fill the exigiigaps in management. As
explained in the introduction of this case stutlys critical that new policies or laws
are developed within the context of existing legfisin in order to avoid creating
more of the unintended overlaps already typicaltltd fragmented system of
governance. Accordingly, Part B of the case stuaggnts findings of the overlaps
analysis and identifies the agencies involved icheaf the modeled system
components. This analysis has the potential to igeopolicymakers with a
preliminary indication of institutional politics dnexisting strongholds that may
hamper inter-agency collaboration and cohesion (@eample of Shipping vs.
Marine mammal agency involvement in Chapter 6).aAAsadded benefit, overlaps
analysis coupled with the gaps analysis generaissline data for other qualitative
and quantitative analyses.

With or without overlaps analysis, there are stithportant policy
implications of this paper's findings. Foremostge thighest peak in Figure 7.5
indicates a striking disconnect between the sdieally established linkages directly
associated with acidification process, and thedgickl and ecological implications.

The results of this paper’s findings should compelicymakers to address the
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mismatches and gaps in regulation with collaboeapwlicies that acknowledge the
complexity of the systems and institutional envinamt.
Next steps

Part B of this case study presents the results fiee overlaps analysis,
revealing existing laws that address the single eteati components, as well the
degree to which various agencies manage these c@n{s The overlaps analysis
contains output that can be useful to policymaketerested in evaluating whether
and to what degree a particular bill in U.S. Cosgrean fill a gap in federal law
related to ocean acidification. In addition, theed&ps and agency involvement
evaluation in Part B can be combined with the gapalysis in Part A to predict
where the current form of the FOARAM bill will effavely fill gaps in the context
of the existing governance. This could help anat@proadblocks and strategically
prioritize and prepare for challenging coordinatimtween institutions.
Future work

This analysis represents one utility for analyzmgrine management with
text mining of ocean law. Future work will invohautomating the gaps analysis
technique so that policymakers, managing instingiand other stakeholders may
freely investigate their own ecosystem models. Aabon will facilitate more
profound analysis on large scope environmental lproy. The capabilities of
advanced text mining techniques and the statistinalysis of ocean management
law are limitless if the interface is user-friendRuture work could entail coupling

law data with attributes shedding light on the im@aoce and scope of a specific law.
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For example, budget allocations of statutes liniketéxt analysis of laws could help
expose the extent to which an agency implemengticplar statute. Take the case
in which a statute without funding contains theyoséctions of law that fulfill a
modeled ecosystem linkage. The analysis would coentiie economic and law data
so that economic data would prompt a disregardther unfunded statute, and
therefore more accurately reveal a gap in managefragher than merely in law).
While analysis of law is constrained by the languagf the law, the
advantage of the ability to organize, manage aed \gatterns in gaps and overlaps
in law has been investigated in this project. Ndwatta process for mining the
enormous body of laws across the multiple jurisding has been initiated, we can

add other data types to the analysis.

CONCLUSION
Though the findings of this analysis may appear b® logical to

environmental policy experts, the contributionledége findings is twofold. First, the
analysis brings a quantitative dimension to comgmnslve legislative analysis and
can be applied to any alternative conceptual etesysf interest to a researcher or
decision-maker. For example, one may add compor@néven new categories to
the system model related to ocean acidificatiommanents such as temperature and
other climate change-related feedbacks with rolec@an acidification. Second, the
gaps analysis presented in this paper reveals aecrasults that verify the utility of
the approach. Perhaps the technique used in thierpmay be even more

instrumental in finding gaps in a system with lebsious gaps than those revealed
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for ocean acidification. Therefore, the hope fas tiechnique is that it will be useful
tool for management agencies, policymakers and goremts of ecosystem-based
management. By assisting efforts in determining sgap management and in
defining priorities in the context of an ecosystethis tool can promote and
contribute to more effective management of usesatndes related to ocean health.
But most urgently, findings from this gaps anaysveal holes in existing
federal and state law. In order to prevent therelsing scenario of ocean
acidification and its toll on ocean health and aiga survival as predicted by
scientists across the world, we need institutioith etter management strategies to

address and fill the gaps at all scales and asexdsrs of governance.
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PART B - Filling the gaps
OVERLAPS ANALYSIS INTRODUCTION

Part A of this case study defined the prominergsge federal and state
legislation related to ocean acidification. To fackthe problem of ocean
acidification, new policies must be developed tlilathese holes in management;
however, simply filling the gaps with new regulaiso does not guarantee
implementation.

A critical dimension of baseline governance datates to jurisdictional and
agency authority and is essential in the developrokan effective solution to ocean
acidification (OA). Improving our understanding axisting legislation and
associated agencies that relate to OA is imper#abitbe design of a new institution
that will make effective policy and minimize ovegrtaand conflicts. As mentioned in
the case study’s introduction, one scheme to taG#ewould be to prohibit C®
emissions. However, common sense tells us that ghoeposition is logistically
unfeasible because an outright prohibition cordlietith existing regulations and
laws. It would create an overlapping jurisdictiama system of governance already
riddled with overlaps. While it can be argued tbaérlapping jurisdictions can be
beneficial when the laws are strategically consisi@/and coordinated (Young
2002, Cao and Wong 2007), when laws lack consigtenaccoordination overlaps
can cause unintended negative consequences. Istnisiregulation is often
unenforceable (Grenade-Nurse 1998) and ineffecthack of enforcement is

especially problematic for environmental protection conservation efforts. An
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enormous amount of time can go into developingva megime but a new institution
or agency will only be as effective as its abititycoordinate with existing rules and
regulations. If the existing overlapping regime®lMicontrol of the issue of focus,
the new regime can end up missing its aims.

The goal of the case study’s Part B is to prodd®aseline of legislative and
agency jurisdiction for the modeled ocean acidifara ecosystem presented in the
gaps analysis. | applied two techniques first destrated in Chapter 5. Along with
an additional measurement, these techniques prddincee main results for each
modeled topic: (1) the degree of agency involvem@)tthe relative complexity of
legislation based on the proportion of agencieglegions, and statutes; and (3) the
legislative landscapes for each modeled topic. #lized in the case study, a topic
can be either an individual modeled component orcategorical group of
components. Together, these techniques generatsetirte for determining methods
and institutions that can resolve the problem ohaggment gaps as they relate to
OA.

Part B gives a short review about the case stundyaiefly describes the
reformatted dataset used from Part A. The methedsos presents the two metrics
of overlap. First, the methods section describesptieliminary agency involvement
measure (AIM), a new metric utilized for overlapafrsis. Second, the degree of
complexity, as identified by the overlap index asdociated variables, is supported
by an excerpt from Chapter 5. The method sectiolodes with an explanation of

the data format used to produce these metrics dmgtasummary of the legislative
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landscapes. The results section presents the cowctuof the analysis in the same
order as the methods; first the two metrics and the legislative landscapes. The
discussion section interprets the results and puts context the findings for the

purpose of filling gaps in OA related policy. P&tconcludes with a discussion
about questions the results and analysis can andotaaddress, as well as

recommendations for future work.

BACKGROUND
Ocean acidification (OA) in brief

Over the next century, ocean acidification wilkelly cause larger
ramifications for humans and ecosystems than glabalate change. Scientists
predict that increased levels of €@ the atmosphere will be absorbed by ocean
surface water causing acidification and seriouslyjnpgromising the physiological
health of both calcifying and non-calcifying orgemis (Portner 2008). In the big
picture, the ocean’s ability to sequester atmosphearbon over geological time
scales — known as the “biological pump” — will deel exacerbating the problem of
carbon dioxide build-up in the atmosphere. Perhamat is most frightening is that
the cumulative impacts of these stressors may daesecosystem services on which
humans depend for our own health to default (Po2668).

This case study applied an ecosystem perspectigadtlyze the governance
related to ocean acidification in order to assi&irts toward a policy resolution. A
conceptual ecosystem model related to ocean am@ton was built by identifying

components and linkages; this was a necessaryastepderstanding the full system
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and the extent of the problem. The conceptual dragfFigure 7.7) draws upon six
main categories to represent the chain of explanatelated to acidification.

Beginning with ocean acidification (OA) as th#ect(represented by a diamond in
Figure 7.6), we can look backwards to the sourcéhisf problem (represented by
circles in Figure 7.6), and then forwards to théicgmted impacts of OA in the

future (represented by rectangles in Figure 7.6her&fore, the boundaries
delineating this system encompass both the sowtesarbon dioxide and the
indirect impacts of OA. The following categoriesp&in this system: (A) Source;
(B) Cause; (C) Effect; (D) Direct Impact; (E) Ecgical Impact; and (F) Human
Systems Impact (Figure 7.6). Each category is sgorted with multiple components
(Table 7.1), each interacting with one or more ptb@mponents in the defined

system (Figure 7.7).
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Figure 7.6. Categories selected to conceptually meldocean acidification and its
interrelated components. Categories are representdaly shapes in the order in
which they occur. Each arrow indicates the directihkage between these two
components. For example, the Source (carbon emittgy directly impacts the
Cause (atmospheric CQ) or specifically, carbon emitters directly increag the
amount of atmospheric CQ. The two categories occur on different geospatial
scales; as such, their position along the y-axisditates scale. Refer to Table 7.9
for definitions of each category.

Gaps summary

Gaps analysis
In Part A of this case study, the legal gaps amalysovides baseline legal

governance data about disconnects between the eraeag institutions and the
scientific understanding of the system relateddeam acidification. This technique
was developed on the idea that in order to supgm$ystem services, management
systems should “fit” or match the properties ofetated ecosystem (Costanza and
Folke 1996, Young 2002, Folke et al. 2007). Thesgstem modeled for the
purposes of this case study related to ocean matdn (Figure 7.7). The main

entities responsible for OA included two categarigsurce, which represented the
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CO, emitters, andause indicating increase in atmospheric £Gource and Cause
lead to theEffect which is ocean acidification for purposes of tpi®ject. The
Effect is predicted tdirectly impactcalcifying organisms, such as urchins, plankton,
and lobsters, who reside in this study’'s area ¢drest: the California Channel
Islands. The plight of calcifying organisms, dueQd, has an indirececological
impacton other local organisms and an indirect impacsewveral human activities

(human system impgct

. Source (A) Sj Cause (C)

Direct, Ecological
and Human
Systems Impact
(D,E, F)

Effect (B)

Figure 7.7. Conceptual diagram of ecosystem relatinto ocean acidification. A.
Source; B. Cause; C. Effect; D. Direct Impact; E. Eological Impact; F. Human
Systems Impact. Refer to Table 7.9 for definitionsf each category.
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Gaps found
According to the gaps analysis, there were two npatches indicating a

relatively high degree of mismatch for both statd &deral law. For both state and
federal law, the peaks appeared similar. The masnsive peak illustrated that a
striking disconnect exists between the scientijeaktablished linkages directly
associated with the acidification process, and thelogical and ecological

implications. This discrepancy needs to be adddesse order to avoid the

destructive potential of OA. The slightly smalleatgh of gaps, related to linkages
among the direct and indirect impacts of oceaniticadion, indicates an obstacle of
intra-sector fragmentation. While the nature okthévo apparent gaps differs, they
underscore the necessity for improved knowleddeg$lative and agency authority
and the goal to avoid producing new unintended laper that could stall OA

problem-solving efforts.

Overlaps analysis
For purposes of identifying situations of potentiastitutional interplay, |

have developed in this dissertation project threehniques to investigate
overlapping jurisdictions. This interplay is chaeed by regulations or mandates
of one sector or agency influencing those of ano#extor or agency. In some
situations this can benefit one or both agenciash sas in cases where resource
sharing or coordination results from interplay. @ersely, interplay can also have

negative consequences on the performance or e#eess of one or both agencies.
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The indicators of potential interplay are analyzedhis case study utilizing two
aspects of this overlaps analysis and one additimeasurement of the degree of
agency involvement for any given topic. Chapter@vjaes a basic demonstration of
this analysis.

The techniques performed in this paper were oriyirteveloped to identify
existing overlaps. As added value, they can alscused to strategically avoid
unintended overlaps when designing new legislatmal regulations. The two
metrics, in conjunction with the legislative landpe diagrams, provide insight into
potential roadblocks and the urgency of coordimatm confront the perils of ocean
acidification. This added value came to light fré@edback given by a handful of
interviewees during the development of both thesgapd overlaps analyses. Apart
from developing the tools to solely define and difprthe problem of gaps and
overlaps respectively, interviewees suggested gathie analysis one step farther in
the context of ecosystem-based management (EBMiatimes. For instance,
baseline information about agency involvement codé&fine gaps and foment
recommendations toward filling these gaps and gweldpment of improved policy.
Otherwise, managers and EBM initiatives are lethait a way to implement the
information produced from the gaps analysis.

In summary, Part B acknowledges the clear gapstifeehin Part A and

takes the next step to answer the following quastio
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« What agencies are involved in the relevant topi®&hich agencies
(empowered by which laws) would need to coordimaterder to prevent or
alleviate further ocean acidification scenarios?

* Within topics relevant to ocean acidification, whigssues involve the
highest degree of overlap complexity and could gmeghe most challenging

obstacles on the path to institutional change?

DATASET

The overlaps analysis uses two sets of informati@utput: 1. term and
phrase frequencies extracted from a set of ocedrt@astal laws; and 2. a record of
authoritative agencies for each law. Chapter 5ipes/more descriptive detail of the
informational output of the overlaps analysis. Ehefata and metadata were
integrated for the 40 components modeled in theamcacidification ecosystem.
Table 7.9 displays the list of topics; these waie game terms and phrases queried

for in Part A of this case study.

220



Table 7.9. Categories investigated as relevant compents of the system (source
to impacts) of ocean acidification for the Channelslands National Marine
Sanctuary. Scale varies from local to global. Fomistance, carbon dioxide
emissions occur on a local scale but their impacnahe atmosphere is on a

global scale.
Component Scale Component Term used to
IO | Category | description represent
component
Transportation Local, Fossilfuel Fossilfuel
industry, carbon regional Transportation _transportation
emitters Shipping _shipping_
Cargo Cargo
Vehicle Vehicle
Car car
A Source Truck Truck
IMotor Motar
Energy production Energy production Energy produc*
from power plants Fower plant Power plant
Cement Cement _cement_
manufacturing manufacturing
Fhysical cause of | Global Carbon dioxide Carbon dioxide
B Cause ocean acidification Atmosphere Atmosphere
(atrnospheric COz Carbon emission Carbon emiss®
increase)
Atmospheric Regional, | Carbondeposition Carbon +deposit*
carbon deposition | global Sequestration Sequest*
fromthe
atmospheretothe
C Effect acean
DecreaseinpH Acidification Acidification
pH _PH_
Carbonate Carbonate
Selection of Local Flankion Flankion
calcifying Kelp Kelp
D Direct organisms and Lobster Lobster
Impact kelpin Channel Squid Squid
Islands region Abalone Abalone
Urchin UJrchin
Species directly Local, Sheepshead Sheepshead OR
linkedto one or regional sheephead
more of the ‘Whale ‘Whale
species listedin Otter —Ofter_
Ecological Directimpact Anchovy Anchov®
E g category Sardine Sardine
Impact Mackerel Mackerel
Starfish Seastar
Mackerel Mackerel
Rockfish Raockfish
Seabird Seabird
Recreational or Local, Fishing Fishing
economic regional Harvest Harvest
activities common Whale watching ‘Whale watch?*
Human inthe Channel Scubadiving Scuba div®
F | systems Islands region that Recreation fishery Recreation fish®
Impact directly relate to Commercialfishery Commercialfish*
componentsinthe
Directimpactor
Ecological Impact
category
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Data filtering and configuration
The generation of term and phrase frequenciezedila body of ocean and

coastal laws representative of state and fedena talevant to the west coast of the
United States. This represented the same collecfidaws and regulations used in
Part A, but in a different format. The overlapshi@ique analyzes coarser-sized
documents, from which the sections of law werewdetifor the gaps analysis. The
coarser grain of documents allowed for the exarmnabf relationships between
statutes rather than between sections of law wdloicuments. In contrast, the gaps
analysis required the finer granularity of documseriecause it sought co-
occurrences of terms in the same section. For gaglysis, larger documents likely
would have produced false information. For instaricthe gaps analysis had been
performed on statute-level documents (e.g.wlifale occurred in section 1 of a
statute and shipping occurred in section 220),afi&ysis would indicate that two
topics occur in one document and therefore fuHillmodeled ecosystem linkage,
despite the fact that the law-maker had not intdraey relationship between the
two terms. In contrast, the statute level of analyand multiple sections of
regulations lend themselves well to the needsebtlrerlaps technique performed in
Part B. These laws were codified, and typicallytiern, as somewhat cohesive units.
They may be composed of many sections but are meghander a defined authority
of one or more agencies. For purposes of expantdmgcope of the project, it was
important to first identify overlaps in relationphto entire legal units rather than

within specific documents. However, future inveatign of overlaps could pinpoint

222



where the overlap occurs within the statute or lsguy unit by using section level
of documents in the analysis.

This project investigates overlaps on the legal lewel, which is consistent
with Chapter 5’s presentation of the analysis. ligghe legal units would have been
compiled in a consistent manner, such as in chaptdowever, the hierarchies
varied slightly across geopolitical jurisdictionsdasome were more accessible than
others. For example, the California Code was rgaahiilable at the article level,
but not at the chapter level. Furthermore, thdaf@ala Code of Regulations was
available by section or division, but not by chapiéerefore, these documents were
compiled in divisions rather than in sections bseaa division was more consistent
with the hierarchical unit of the rest of the cotlen’s documents (Table 7.10). Two
types of legal units are used in this analysis;udoents containing regulations are
referred to aRegulatory Units(U.S. Code of Federal Regulations and California
Code of Regulations) and the codified statute denimare referred to &tatutory
Units (U.S. Code and California Code).

Table 7.10. Jurisdictions, format of law, and unitcollected for marine-related
law dataset.

Compiled
Geopolitical document
=>€0poilt Law type Codification hierarchy (Statutory/
jurisdiction
Regulatory
Unit)
U.S. Code . .
Federal (statutes) Title/Chapter/Section Chapter
United States U.S. Code of
law Federal Title/Volume/Chapter/Part/Section Part
Regulations
California Code Code/Division/Chapter/Article/Section Article
State of
California California dee Title/Division/Chapter/Section Division
of Regulations
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As described in Chapter 3, the majority of theettibn was compiled based
on a connection to ocean and coastal related lasregulations. The additional
documents were added to encompass federal andssa#iiory law concerning air
quality, CQ, pH, and chemical water quality because theseessselate to ocean
acidification. The analysis was run on 385 and Teffal units for the State of

California and Federal United States, respectively.

Metadata - Agency authority tables
The agency authority metadata for each law wasairt pupplied by the

National Oceanic and Atmospheric Administration (N&K) Coastal Services Center
and in part compiled by me. The NOAA Coastal S@wi€enter Digital Legislative

Atlas Program [Http://www.csc.noaa.gov/legislativeatlassupplied the agency

authority list for each federal ocean-related seapublicly available on its website.
Their website listed authority to the most speciwel of program or agency
discernable from reading the law. For the stattutds, | obtained agency authority
information by skimming laws. These metadata wdogeds in the format of an
agency by document matrix. To ensure consistendiigmrmetadata, an agency was
recorded as its parent department. For instance, ntletadata represented the
National Oceanic and Atmospheric Administration (NK) as the Department of

Commerce, and the National Park Service as the rbepat of the Interior.
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However, more specific agency authority informatieil be used in future work
analysis to investigate needs for intra-agencydioation.

Agency authority for the national and state regoiest was available on the
U.S. Code of Federal Regulations website (http:iwgpoaccess.gov/) and on the
California State government codified regulationsbsree (http://ccr.oal.ca.gov).
Regulatory authorities were reported at the padepartment level, consistent with
the statute authorities described above. Howevénancase of the state agencies it
was necessary to modify the authority specificatimtause in the hierarchy of
California (CA) state law, nearly all agencies fatider the California Resources
Agency.

Although many departments, commissions, boards, ahdr entities are
embedded within the CA Resources Agency, their aith is essentially
decentralized (REF). Each of the agencies, depatinand commissions within the
CA Resources Agency essentially operate undenits iastitutiort?, with its own
regulations and decision-making procedures (Gu#8B7). For this reason, the
relevant entities under the CA Resources Agencyewecorded when possible.
Similarly, the agencies acting under the Califofarevironmental Protection Agency
(CalEPA) also were recorded as individual entiti€his seemed to produce a
somewhat even playing field in terms of agency fizecomparison across agencies

under state law. For example, the Department oh Fasid Game, Coastal

1 Note thatinstitutionrefers to a system of rules, rights, norms, valaed
decision-making procedures as defined earlier,enthié agency itself is the actor
guided by this institution.
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Commission, and Coastal Conservancy were recordesueh rather than hiding
these under the auspices of the CA Resource Ag&ieyertheless, some laws did
not articulate a specific department, but rather ldrger parent agency. Therefore,
California “agency to law authority” data containultiple levels of the agency
hierarchy. In addition, some statutory codes cleatated their implementation by
federal agencies. Thus, the state landscapes vostame instances of state law
tagged as under federal authority. In total, thetachmta includes 70 agencies
associated with the compiled state law and 20 agemssociated with the compiled

federal law.

METHODS

Text analysis generated a map of relative functem®ng laws of relevant
agencies. In order to examine issues related t@rocidification, 40 topics
represented components of the ecosystem modebkmeli@ied to ocean acidification
(see Table 7.9). To establish the baseline analybis 40 topics were each
represented by a term or a phrase (Table 7.9)s@he script was used in Chapter 5
to identify and count any word or phrase occurrendde law collection. Querying
the law collection with the selected word or phraseduced a topic by document
matrix of raw frequencies for each legal unit.

The frequencies represent the degree to which a il#luences the
management issues related to each topic. Althobghftequency measurement
generated here cannot precisely indicate a lawisdiction, it can reflect a law or

agency’s relative involvement. For example, if da& contains the term ‘fishing’
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twice, while a different law refers to the term 7fddes, clearly the latter is more
concerned with fishing activities. However, in tbase that two laws reference a
term an equal number of times does not necessadigate that they are equally
involved in management relating to the topic.

To determine what agencies were involved in a git@pic, the topic-
document matrix was integrated with the agency-odwu matrix resulting in a
topic- agency matrix. The number of agencies aasetiwith laws containing a
particular topic represented a second dimensiaveflap. As such, a relatively high
number of agencies involved in a topic indicatgab#entially complicated situation
for coordination.

Using the topic-document and topic-agency matridbs, following two
subsections present preliminary measures develapedlculate the degree of legal
complexity associated with the modeled system spibe graphical representations
of these data are then presented. The first steprides a new metric, called the
Agency Involvement Measure (AIM), which indicatedative degree of agency
involvement in a topic or category. The second stemics Chapter 5, presenting
the Overlap Index (Ol) as a measurement of regylatstatutory, and agency
complexity. As also described in Chapter 5, thedtlsitep generates the graphical
network diagrams of the term frequency and agentlgoaity data. By computing
the sum of components within a category, this geghnetwork illustrates the
legislation and agency authority for each topice3éndiagrams utilize the same data

used to calculate the Overlap Index of complex@®})(and Agency Involvement
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Measure (AIM). The goal of the metrics was to depeh tool to quantify the visual
results of the data. Both metrics are still prefiary prototypes and will likely be

advanced in the future.

Agency involvement measure (AIM)

Implementation purpose
The development and execution of the metric to tiiyathe degree of

relative involvement of any agency in a topic hdlpsdentify what agencies should
be involved in a proposed policy addressing oceadifecation. Hypothetically
speaking, if the Environmental Protection AgencyPAE were the only agency
involved in all of the topics associated with theodaled system of ocean
acidification then, assuming the conceptual modektbped encompasses all related
issues, implementation of a new policy or statuteutd solely involve the EPA.
However, in cases where one agency has exclusitrerity over one topic and
another agency is solely responsible for anothgictat behooves these two entities
to coordinate for a more cohesive resolution todbean acidification problem. If
one of these agencies is not involved from theptioa of new policy measures, it
may thwart the effectiveness of the new initiativEhis is especially likely if the
uninvolved agency has a mandate in conflict witlvigeproposed legislation. The
most probable situation is that multiple agenciesiavolved in all or nearly all of
the topics associated with ocean acidificationthis case, a range of alternative
coordination models are available to policy expénterested in problem-solving

efforts for more effective decision-making.
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Calculation
The preliminary metric of agency involvement wasdzhon two variables:

(a) proportion of agency-related documents; andpfioportion of agency-related
term frequency. The first variable derives from thember of documents associated
with agencyA that contain topicT. To compare the variable across multiple
geopolitical jurisdictions, the number of agencyculments was normalized by
dividing it by the total number of documents asated with agency A. This

proportion is referred to as Agency-associated Duwnis (AD).

D(A,T, GP)

AD(A, T,GP) =
( ) D(T,GP)

AD= Agency-associated documents; A=Agency; T= Topi&GP=Geopolitical
jurisdiction; D= Documents

The second variable derives from the summed fregguehtermT for those
laws associated with agengy To compare the variable across multiple geoaliti
jurisdictions, | normalized the summed term freques by the total sum of term
frequencies for terril in all the documents of the particular geopolitjoaisdiction.

TF(T,D(A,T,GP))

AF(AT,GP) = Y. TF(T,D(T,GP))

AF= Agency term frequency; A=Agency; T= Topic; GP=&opolitical
jurisdiction; TF = Term frequency; D= Documents
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In the preliminary development of an overarchingdex of agency
involvement, the two variables were multiplied engrate the Agency Involvement
Measure (AIM). Within any geopolitical jurisdictioand for any given topic, an
agency’s AIM demonstrates the degree to whichinvslved in management of the
topic. For each jurisdiction, the number of lawsl ahe summed term frequency
were normalized by their corresponding total pdeslaws and term frequencies.

The two proportions were then multiplied as follows

AIM(A,T) = (AD)(AF)
AIM= Agency Involvement Measure; A=Agency; T=Topic;Refer to equations
above for definition of AD and AF.

The agency involvement index provides a measurerfwgnthe systematic
comparison of involvement among agencies within betiveen topics. The index
can range from zero to 100%. An agency that is gaweml with many laws
containing high frequencies of reference to theictopould result in a higher
percentage. A higher index identifies an agenahagprimary entity involved in that
topic relative to the other agencies. Alternatiyefyan agency is associated with
zero number of laws and consequently no term frecpethen its AIM index result
would be zero.

The basic calculation of AIM adjusts appropriatéty cases where one
variable is high and the other is relatively lovewever, the separate variables can

provide more detailed depiction of agency involvem&or example, in cases where
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a topic has one agency managing many laws congpthiat topic, the AD will be
high despite the high or low frequency of occureencthese documents (as long as
it is greater than zero). However, in the case thatterm frequency for a topic is
relatively low in these documents, the result wduddan AF close to zero. The AIM
adjusts appropriately to reflect a combinationhaf two variables. If another agency
has one or just a few laws containing high freqiesnof the same topic, this second
agency will measure with a high AF relative to finst agency’s AF. In other cases,
agency involvement may be consistent among thabi@s and would be reflected
by the AIM index. For example, if one agency marsag@st of the laws associated
with a topic (measuring a high AD) and these lavemtain relatively high
frequencies of the topic (measuring a high AF), résulting AIM for this agency
would be high as function of topic. Therefore, dépg both of these pieces of
information is important to the overarching index.
By category

The Agency Involvement Measure was performed am 40 individual
components. The AIM was also performed on groupsoaiponents for purposes of
identifying patterns of agency involvement betwee six categories of the
modeled system and for creating a synthesis ofteesiio generate an AIM for each
category, the AIM(A,T) of all components was avesgvithin each category so
that this new category-based AIM still ranged fraero to 100%. Therefore, this
metric indicates the average agency involvemeritahaarticular agency has across

the components of a given category.
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Overlap Index (Ol)

Implementation purpose
Chapter 5 demonstrates the Overlap Index (Ol)clwviwas developed to

evaluate complexity for any given topic relatedhie ocean. In contrast to Chapter
5’s application, this case study calculates then®@tric to expose potential obstacles
due to complexity that may encumber holistic manag@ resolutions to ocean
acidification. For example, if a topic (represenigda single component or category
in the modeled ecosystem) were to measure a higdrl&pv Index (or associated
variables) relative to the other categories, ifikely that this category poses a
potential obstacle in coordination among categofidscourse, this high complexity
may also be an indication of high coordinationtfeg given topic. And while current
coordination could be a positive indicator, it @balso pose another barrier because
existing strongholds on issues and procedures aft&bit institutional change. On
the brighter side, any cohesion could streamlingsten-making toward a holistic
resolution to the problem of ocean acidification.
Calculation

The following explanation of the variables and o#ton of the Overlap
Index also appears in Chapter 5.

The degree of overlap was calculated using thewiatlg variables: (1) the
number of laws involved; and (2) the number of asded agencies linked to laws

involved in each topic. The three variables weleutated to indicate the degree of
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overlap occurring for each given topic. The firgtriable, referred to as Statute
Overlap (SO), was derived from the number of séstuhat contain a given topic.
Based on this statute variable, the topic with lilghest number of laws ranked as
the most severe overlap. In order to compare thalla across multiple geopolitical

jurisdictions, | normalized the statute overlap ialle by the total number of

possible statutes in the ocean law compilatioriifergiven geopolitical jurisdiction.

SU(T,GP)

“AED= Y suen

SQ: Statute Overlap; T= Topic; GP = Geopolitical juisdiction; SU= Statutory
units

The second variable, referred to as Regulation I@wgiRO), derives from
the number of regulations that contain a partictitgric. The regulation variable
indicated that the topic with the highest numbetasis ranked as having the most
instances of overlap. To compare the variable acroulltiple geopolitical
jurisdictions, it is necessary to normalize the R®iable by the total number of
possible regulations in the ocean law compilatian the given geopolitical
jurisdiction.

RU(T,GP)

RAT.GP) = > RU(GP)

RO= Regulation Overlap; T= Topic; GP = Geopoliticaljurisdiction; RU=
Regulatory units

The third variable derives from the agency autlyamietadata for each law.

To calculate this agency overlap variable, refetieeés Agency Overlap (AO), a
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summation was made of the agencies associatedtmetloverlapping laws (both
statutes and regulations) for a given topic. Ineordb compare the variable across
multiple geopolitical jurisdictions, AO variable waormalized by the total number
of agencies represented in the ocean law commldo the given geopolitical
jurisdiction.

A(T,GP)

AO= Agency Overlap; T= Topic; GP = Geopolitical jurisdiction; A = Agencies

In our preliminary development of an overarchingasweement of overlap,
the three variables were averaged to determineOiWerlap Index (OIl). For any
geopolitical jurisdiction over a particular topitis Overlap Index demonstrates the
legal and agency complexities in management ofttgat. For each jurisdiction, the
number of laws and the number of agencies were alared by their corresponding
total possible laws and agencies. Then the avesageof the normalized variables

was calculated as follows:

SO+RO+ AO

OI(T,GP) = 2

Ol= Overlap Index; T= Topic; GP = Geopolitical juri sdiction

This overlap measurement provides an index thawallthe systematic
comparison of overlap between topics within andvieen jurisdictions. The index

can range from zero to 100%. A topic involving gthnumber of laws and a high
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number of associated agencies would result in a bewuncloser to 100%.
Alternatively, with zero number of laws and with nsequently no agencies
associated, the index result would be zero.

The basic calculation of Ol adjusts appropriatelydases where one variable
is high and the other is relatively low; howevée separate variables of SO, RO and
AO provide a more detailed depiction of the ovepiag information. For example,
in cases where a topic has many laws implementedigh a single agency, the Ol
may be a high number only due to the high resuitthe SO and RO. Only by
comparing the individual variables will the resdwsacrecognize that the AO is low
or null and be able to determine that the topinasat risk of inter-agency overlap
(though intra-agency overlap may be revealed thrdugher investigation).

By category

The average Overlap Index per category was caédildo facilitate
comparison between categories and geopoliticaddigiions, and to synthesize the
results. For example, this categorical-based coxitglandex information allows one
to see whether there is a similar degree of coniyléor state and federal law in any
of the categories. To generate Ol for each categbey OI(T,GP) average of all
components within each category was calculatedhabthis new category-based Ol
still ranged from zero to 100%. Consequently, thetric demonstrates the hubs of
activity or complexity of a particular category bdson the average proportion of
laws and agencies in relationship to the frequasfcgomponents occurring within

that category.
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Legislative landscapes -- graphical depiction

Implementation purpose
To visualize legislative and agency jurisdictiom fbe modeled ecosystem

components (Table 7.9), the following legislatiadscapes provide a graphical
representation of the previously defined data aethdata matrices. These diagrams
visually illustrate what laws reference the variotgpics in the model, and
consequently what agencies are involved in thectogiven their authority over the
topic-associated laws. The figures reflect the ymial performed on the six
categories, listed in Table 7.9.
Construction

The task of creating visual analysis for the congmis and categories
utilized the social networking software UCINET s@n 6.170 and NetDraw
version 2.064 (Borgatti et al. 2002) . The docuregdncy authority metadata
matrix served as the primary data input. Agencres documents were displayed as
individual nodes, with agencies labeled for clarBBach document, or legal unit, is
represented by a circular node with a line conngatiach document to its associated
agency or multiple agencies (Figure 7.8 and Figu®d. For example, the National
Environmental Policy Act (42 U.S.C. 4321 et se@rects to its authority agency,
the Council on Environmental Quality (CEQ), beca®®eQ has jurisdiction to
implement the Act. Some statutes are under theoatyttof multiple agencies, such
as the Clean Water Act. This Act is under the authoof the Environmental

Protection Agency (EPA), the Army Corps of Engirse@CE), and the Department
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of Homeland Security (DHS). Also, regulation notieked to the authoring agency.
Lastly, terms or phrases were organized as topies,frequency of these topics
appear as attributes. The size of the documentsn(sth®wn in the Results section)

reflects relative frequency of each topic.
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"DoL DHHS MMC

Federal codified (O Federal regulation Connects law to

statute (U.S. Code) authoritative agency(s)
AGENCY ACRONYMS DOI: Dept of Interior EPA: Environmental Protection Agency
ACE: Army Corps of Engineers DOE: Dept of Energy FMC: Federal Maritime Commission
CEQ: Council on Environmental Quality = DOJ: Dept of Justice MMC: Marine Mammal Commission
geHrUE;Eept. of Health & Human DOL: Dept of Labor NIH: National Institute of Health
DOA: Department of Agriculture DOS: Department of State NSF: National Science Foundation
DOC: Department (Dept) of Commerce  DOT: Dept. of Transportation ~ OSTP: Office of Science & Technology
DOD: Dept of Defense DOTr: Dept of Treasury Policy

Figure 7.8. Foundation maps of agency authority fofederal statutes and
regulations. Laws (circular nodes) linked to theirauthoritative and/or
implementing agencies (square nodes labeled witheacy acronyms). The
placement of agencies and length of lines was ranity generated. It is
important to understand first how federal governane@ of ocean law is organized
by agency and second, how the laws implementing th® agencies’ goals cluster,
interact or work autonomously. This is the foundatonal map with no term
frequency data from which the diagrams in Figure 716 were generated. In
Figure 7.16, the law nodes are re-sized by the fragncy in which a selected
term occurs in the law.
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Figure 7.9. Foundation maps of agency authority fostate statutes and
regulations. Laws (circular nodes) linked to theirauthoritative and/or
implementing agencies (square nodes labeled withecy acronyms). The
placement of agencies and length of lines was ranaity generated. It is
important to understand first how state governanceof ocean law is organized

by agency and second, how the laws implementing th® agencies’ goals cluster,

interact or work autonomously. This is the foundatonal map with no term
frequency data from which the diagrams in Figure 717 were generated. In
Figure 7.17, the law nodes are re-sized by the fragncy in which a selected
term occurs in the law. See following two pages facronym definitions.
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FIG7.9
ACRONYMS

DTSC
DCA
ARB
BAWSCA
BOEqual
BTH
CAgC

Cal Fire
CalEPA

CALMITSAC
CalTrans
CBDA
Cconservancy
CDFA

CDI

CDOJ

CEC

CEQA

CHP

CITY
CiIwMB
CNTY
CoastalComm
CommcCall
COPC

CRA

CcsC

CSG

CSLB

CSTr

Ccsu

DBW

Delta

DFG

DMV
DOConserv

AGENCY NAME

Department of Toxic Substances Control
Department of Consumer Affairs

Air Quality Districts

Bay Area Water Supply and Conservation Agency
Board of Equalization

Dept of Business, Transportation, and Housing
County Agricultural Commission

Department of Forestry and Fire Protection
California EPA

California Marine and Intermodal Transportation
System Advisory Council

Department of Transportation
Bay-Delta Authority

California Coastal Conservancy

CA Dept of Food and Agriculture
Department of Insurance

CA Department of Justice

Energy Commission

CEQA

California Highway Patrol

City

Cal Integrated Waste Management Board
County

California Coastal Commission
Community Colleges

California Ocean Protection Council
California Resource Agency

CA Seafood Council

California Sea Grant

Contractors State License Board
Cal State Treasury

Cal State University

Department of Boating and Waterways
Delta Protection Commission

Dept of Fish & Game

Department of Motor Vehicles
Department of Conservation
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ACRONYM
(continued)

DOD
DOH
DPR
DWR
GS
Harbors
HCD
HHSA
LWDA
MXSoCAL
NA
NODC

OEE
OES
ORMP
PFMC

PilotComm
PUC
RECBD

RegionalParks

SCSA

SFBCDC
SFBCP
SIOSC
SLC
SMBRC
SMMC
State
SuUC
SWRCB
USAmry
USCG
USCS
OSHA

AGENCY NAME

U.S. Department of Defense

State Department of Health Services

Dept of Parks and Recreation

Dept of Water Resources

Government Services

Harbors and watercraft commission, or Harbor districts
Dept of Housing and Community Development
Health and Human Services Agency

Labor & Workforce Development Agency

Marine Exchange of Los Angeles-Long Beach Harbor
Not Applicable

Navigation and Ocean Development Commission

Office of Education and Environment
Office of Emergency Services

Ocean Resources Management Program
Pacific Fisheries Management Council

State Board of Pilot Commissioners for the Bays of
San Francisco, San Pablo and Suisun

Public Utilities Commission

California Reclamation Board
Regional Park Districts

State and Consumer Services Agency

San Francisco Bay Conservation and Development
Commission

SF Bay Conservancy Program

State Interagency Oil Spill Commission
State Lands Commission

Santa Monica Bay Restoration Commission
Santa Monica Mountains Conservancy
State

Sea Urchin Commission

State Water Resources Control Board

UsS Army

US Coast Guard

US Coast Survey

Occupational Safety and Hazards Administration
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CRA
BTH

NA

Department
of Education

FED, DOC

CRA
SCSA

CRA
CRA
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CDFA
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FED

DHS, FED
DOC, FED
OSHA, FED



It is important to understand first how federal gmance of ocean law is
organized by agency and second, how the laws ingaling those agencies’ goals
cluster, interact or work autonomously. Thus Figidr8 and Figure 7.9 provide
foundational maps illustrating the mandate and @itth connections between the
agencies and documents for federal and state lée.Results section uses these
foundational maps to generate the legislative leajpls of topics associated with the
conceptual ecosystem model of ocean acidification.

By category

Following the synthesis of the AIM and Ol metridhe generation of
legislative landscapes by category facilitated ittentification of patterns between
categories and involving different geopoliticaliggictions. A raw sum of the topic
frequencies or an average sum across componerdsga® an equivalent diagram
because the nodes are sized relative to the miniamohmaximum frequency of a
given topic (see example Table 7.11). Thus, | usedaw sum of component term

frequencies for each category.
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Table 7.11. For a sample of five laws, this tableoatains the Sum of raw
frequencies for modeled ecosystem components. Theramation is made by
category.

DIRECT | ECOL. HUMAN
Law SOURCE | CAUSE | EFFECT | IMPACT | IMPACT | IMPACT

Clean Air Act
(42 U.S.C. 7401) 1434 20 2 0 0 0

Energy Policy of
2005 (42 U.S.C.
15801) 366 21 18 0 0 4

Clean Water Act
(33 U.S.C. 1251) 170 3 4 5 1 6

Global Climate
Change
Prevention Act of
1990 7
U.S.C. 96 et seq.) 0 2 7 0 0 0

Magnuson
Stevens Act (16
U.S.C. 1801-
1883) 91 0 0 10 20 995

RESULTS

This section presents findings from the two measwf overlap, Agency
Involvement Measure (AIM) and Overlap Index (Olpr footh state and federal
levels of law. Graphic displays present the fingdifgr each category. Together these
data provide a baseline illustration of the manag@nentities and their authority as
it relates to our conceptually modeled system afaocacidification. In summary,
federal agencies exhibited high cohesion among oommts by category. This
cohesion is evident in that AIM results of indivadicomponents were similar within
their associated categories. The impact-relatecgoaies displayed the most
consistency among components in that the Departroén€Commerce (DOC)

dominated nearly all of the components of Direcpé#et, Ecological Impact and

243



Human Systems Impact categories. Graphic result$efiteral law confirmed this
cohesion in that the majority of laws referencingpact-related category topics were
under the authority agency of the Department of @ence. In contrast, the graphic
results for state law revealed fragmentation in aggment, where many agencies
with minimal involvement in each component and gatg act independently.
Management by the California Department of Fish &n did exhibit cohesive
controls of the impact-related categories more isterstly within and between
categories.

Based on the Ol, it appears that both state anerdégolicy related to OA
addresses issues of Source, Cause, and Human Slysteat categories with the
highest complexity. In some cases high complexday enean that agencies are
working together but it can also mean that two ageEnare implementing redundant
policy with potentially dangerous consequences. Tategories of Effect, Direct
Impact, and Ecological Impact measured lower Olictvlindicates the components
of these categories are more clearly managed bgicesigencies and/or there are
relatively few laws referencing the associated congmts. In some cases this low

complexity may be because gaps exist.

Agency involvement

Federal Agency Involvement Measure (AIM)
Every federal agency was involved to some degreenim or more of the

modeled system components investigated. Figure grd€ents the AIM results for

each individual component, grouped by category. Ewample, Figure 7.10A
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contains the AIM results for each component of 8®urce category, and are
presented as stacked area charts to facilitatdifidation of patterns within and
across categories. Figure 7.11 illustrates theameecomponent AIM results of each
category in order to display patterns within andoag categories. AIM results for
federal departments ranked accordingly: the Departnof Commerce (DOC)
ranked as the most involved in the categories coethiwith EPA at a close second,

and the Department of Homeland Security rankedl f{siee Figure 7.11).

245



A. Source

B. Cause

AIM(Source,US)

AlM(Cause,US)

[J_cement_
 power plant

W energy produc
@ motor

Wtruck

W _car_
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W cargo

m _shipping

m _transportation
 fossil fuel
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[ carbon emiss_

matmosphere_
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Figure 7.10. Agency Involvement Measure of federdw for each modeled
component. Each chart contains the AIM of the compents grouped into
associated categories (A. Source; B. Cause; C. KffeD. Direct impact; E.
Ecological impact; and F. Human systems impact). Qors correspond to the

categories, except cement, power plant, and energyoduction not colored in a

shade of red to facilitate differentiation betweerthem and the other Source
components. In other situations, shading allows terpretation of the
differences and similarities among components withieach category. (Color
key: RED and variations = Source; ORANGE = Cause; ELLOW = Effect;
GREEN = Direct Impact; BLUE = Ecological Impact; PURPLE = Human

System Impact.)
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Figure 7.11. Figure shows the average agency invelment for each category.
Colors correspond to key in Figure 7.10.

There were two primary and two secondary agengigslved in Source
components. The Environmental Protection AgencyAlERPanked as the most
involved for the combined AIM of the Source compatse The AlIMs of each
component summed to 2.39 for the EPA and 1.26HerDepartment of Homeland
Security (DHS). The Source component average oA and DHS were 21.5%
and 11.5% respectively. The secondary agenciedviedan the Source category
were the Department of Energy (DOE) and Departnoérifransportation (DOT),
according to the Agency Involvement Measurement.

Within the Cause category, two highly involved ages emerged: the DHS

and EPA displayed categorical averages measurir@@@nd 21.8%, respectively
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(Figure 7.11). In contrast, the Effect categoryeaed EPA as the primary agency
involved, measuring an average 40.2% for this categrhe Department of Energy
(DOE) ranked at a distant second for the Effectgaty, with an average of 6.1%.
The impact-related categories (Direct Impact, lkeclifEcological Impact, and
Indirect Human System Impact) showed similar patieior agency involvement.
Within all three categories, the Department of Carosa (DOC) ranked as the most
involved agency, with averages ranging from 33.%%#1.3%. The DHS ranked
second in each category, with average involvemai¥lY ranging from 1.2% to

4.9%.

State Agency Involvement Measure (AIM)
Results showed a range of state agency involvemeniss and within the

categories, especially in comparison to the colmesézn in the federal law. Overall
results show that the Department of Fish & Game GPks the agency most
involved in OA related management across all categoHowever, according to the
components investigated, DFG measured zero invawenm the categories of
Effect and Cause.

While there may be many agencies managing the meddebmponents,
agency involvement of components is not consistatitin categories. Out of the
total 70 agencies identified as being associated thie laws investigated, only 58

had relationships to the laws containing one or emoccurrence of a model
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component. In other words, results indicate agendiave either potentially
overlapping jurisdictions or potential for commawmats or outcomes.

Following the description of federal agency invehent, Figure 7.12
presents the AIM results for each individual comgrangrouped by category. For
example, Figure 7.12A contains the AIM results éach component of the Source
category, but they are stacked area charts tatédeiidentification of patterns within
and across categories. Figure 7.13 illustrates Al results of each category

(average component AlM) to presenting patternsiwiimd among categories.
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Figure 7.12(a). Agency Involvement Measure of stataw for each modeled
component. Each chart contains the AIM of the compaents grouped into
associated categories (A. Source; B. Cause; C. EfteD. Direct Impact; E.
Ecological Impact; and F. Human Systems Impact). dors correspond to the
categories, except cement, power plant, and energyoduction not colored in a
shade of red to facilitate differentiation betweerthem and the other Source
components. In other situations, RED= Source; ORAN&=Cause;
YELLOW-=Effect; GREEN=Direct Impact; BLUE=Ecological Impact;
PURPLE=Human System Impact. Shading allowed interpetation of the
differences and similarities among components withieach category.
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Within the Source category, the agency involvenveas spread across many
agencies and displayed no clear cohesion amongpthponents. The Department of
Industrial Relations (DIR) measured the highesitre® involvement for the Source
category, with California Energy Commission (CE@y &California Environmental
Quality Act (CEQA) ranking second and third respegty. The DIR ranked highest
by its involvement in the components adr, power plant andcement Averaging
across the Source category, the only agenciesntieasured an AIM above 10%
were the DIR (13%) and Air Resources Board (ARB/p).2

As with the Source, the Cause category reflectetear lack of cohesion
among the components for the agencies involved. Aih&esources Board (ARB)
had the highest AIM relative to the other agenchag, this was solely due to its
involvement in carbon emiss* For the specific componengtmospherge the
Department of Industrial Relations ranked highestits involvement. Averaged
across the whole category of Cause, the Air RessuRoard (ARB) ranked as
exhibiting the highest involvement (with 33% AlMpllowed by the DIR (16%),
CEQA (10%), and CEC (8%)).

Within the Effect category, there were only thrgeracies measuring average
involvement over 10%. The highest ranking agencys wihe California
Environmental Quality Act (CEQA), which was invotvein all three of the

category’'s components with an average of 39% AINgyFfe 7.13c). The Air
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Resources Board (ARB) ranked second with 15.8%thadDepartment of Health
(DOH) ranked third with 10.0%, for the Effect cabeg AIM.

For state law, the Direct Impact category showeghdr cohesion than the
other categories. The Department of Fish & Gamé&edras the highest involved
agency with over 70% average AIM (Figure 7.12dy] amerged as the only agency
with an average involvement measuring over 10%s Tanking was due to DFG
management and controls on lobster, squid, abalané, urchin. The California
Environmental Protection Agency (CalEPA) and Stétater Resources Control
Board (SWRCB) both ranked second but with a miniavedrage of 8.8%, attributed
to their involvement in two laws exclusively assded withplankton

The Ecological Impact category also showed higiodresion relative to the
other categories for state law. The Departmentisif B Game (DFG) ranked by far
the highest with 81.3% of the average AIM per congrd. No other agency
measured more than 4%. Notably, the DFG also rarikighest for the Human
Impact category with 45.9% of the average AIM pemponent. The Board of
Equalization ranked second with 18.2% due to tlenegs association with the one

state regulation mentioninghale watcha single time.

Degree of complexity (Overlap Index), function of @pic/category
This subsection presents a summary of federal tatd Evel results of the

three individual variables (SO, RO, and AO) andthesults of the Overlap Index

(Ol by component. Then the Ol of the componen®viraged for each category to
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show normalized categorical complexity, and toisaepattern emerges between the
state and federal levels of law. The results of¢heverlap measures provide insight
into ocean acidification-related management isswblgre coordination is most

needed.

Federal
As evident in Figure 7.14, large fluctuations appdan the Overlap Index

between topics. Even so, aside from three compente variables of SO, RO, and
AO aligned closely in the federal law. The compdsesf car, carbon dioxide and
atmosphereappeared to have the largest difference betweenlehece of agency
overlap and the other two variables. The Agency rfape (AO) consistently
measured higher than either the Statutory or Réyyl®verlap.

Among categories, there was a clear difference Qmerlap Index
measurements (Figure 7.15). The Source (A) and €C4B3 categories ranked
highest in complexity with 35% and 27% respectiyethile the Human System
Impacts (F) category ranked third with an Ol of 19Pke categories of Effect (C),
Direct Impact (D), and Ecological Impact (E) mea&suconsiderably lower Overlap

Indices with 9%, 6%, and 9% correspondingly.
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Figure 7.14. Degree of overlap (Ol) by topic. The-axis represents topics
investigated, which are organized into their relevat categories as defined in
Table 7.9. Categories are as follows: A= Source; BCause; C = Effect; D =
Direct Impact; E = Ecological Impact; F = Human Sysems Impact.
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Figure 7.15. Degree of overlap (Ol) by category (somed topics). Categories
are as follows: A= Source; B = Cause; C = Effect; B Direct Impact; E =
Ecological Impact; F = Human Systems Impact.
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State
There was a clear difference in Overlap Index mesmsants on average

among categories in state law (Figure 7.15). Fallgwmhe federal law pattern
(Figure 7.14), the Source (A) and Cause (B) categaanked highest in complexity
with 28% and 17% respectively, while the Indireetntan system impacts (F)
category ranked third with an Ol of 16%. The categgoof Effect (C), Direct impact
(D), and Indirect ecological impact (E) measuredsiderably lower Overlap Indices
with 7%, 4%, and 9% correspondingly.
Law networks of modeled components

The graphic displays are presented for each catdgayure 7.16 and Figure
7.17). In combination with the metrics indicatingeacy involvement and issue
complexity, these landscapes depict the baselinehia¢h agencies manage what
laws related to our conceptually modeled systenoadan acidification. Patterns
among components that demonstrated similarity ffleréince of complexity are

noted in the Discussion section.
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Figure 7.16.

components in the ecosystem model for ocean aciddtion. The color scheme
follows accordingly: RED= Source; ORANGE=Cause; YELOW=Effect;
GREEN=Direct Impact; BLUE=Ecological Impact; PURPLE=Human System
Impact. Refer to Figure 7.8 for enlargement of foudation map and agency key.

259



Source

w5105 /
HSA S
T‘\ /\\\; [
© A&L oy L
= 7]"‘
R
=oFE / \ Lor )\
— “ ,)mm« e e =
>
/ /
/ c00) »
y X o)
Corc /I /1
ety N I\
\/'-hm N
pHODC apau none
o e BAVISCA ha ~=BAWSCA -
= 7 s
#pilotcomm arbors
muoay ¢ N
( s, { ) nes_
ausamy / . s !
\\/' s =RegionaParks \ Ay acsTr =Regionalaks
D S Ny
o -
e/ =commall
JSCoA pa camITsAC =000 Jsesh _ Goon =camrmsac "200
J . o ~ i - CRA ,7,1 pouc N
oo (1 / ° / ) o geam o
T)U(ensnw s / uscs 7/ A P / puscs
o Ul & ‘ ~ wEGED L H / /

Effect Direct impact

msiosc /o
s #S105C

23
N
\ B VO | N
I
!sm{((
o / |
=oEE / \ L \
) =~ "ymlm (\\,DCA\\ / R BOEE__
\ LN

4
‘ [
/{/&?w« ~ »/—;K.es
AN _ /A\
v

oy i ,
/T\ el Y, peoor
/ \\ = oastalComm scorc // \
| Va Dl /
/ X’-M;
e
Wi —mBAviSCA 2/ ponc
< P >
w7
VL j?wbms wpilotcomm
| mosu__ !
A mushmy ,Q Ay o
\ L g wsn SRegonabarks kSocAL
Cymena N > _mcagc AN
wcommColl  / e / S wCommColl /
meiC \ / \) i
G A / wsa /
T ascsa csc Ef N — l =pon pscsh o\ o =p0D.
< _— e CAMITSAC 4 N ot pRUC RcuMTsAC
i
J e mm/ S / e pcalrre /Y ' / .
L ~7 A woQComserv [ puscs 7 A o gy puscs
wEED Y =T LS ‘

Ecological impact Human system impact

Siosc
v -\«r\mn R ysiosc T’”’"
\ ® \ N
0
Y/
SHERC ryRC = o /7/
\ o =ecamans /.
Loe ot AN £
. “\\cmswx—‘ T
/ EAOWR____ / TCDUJ
wCopc ot wcopc /\
cone oastalComm Dl \
Mo Mo
“a0Es “aoes
Al o
_ e
wCsip w7 \
PiotComm Friotconm b
/ AT
aLvoA P
v / mcsu__
- - P
UsAmry mesTe 'jomml?avks MXS0CAL FUSAmry ‘(‘:SII
Jeriore N Nz TR
—msc
_ PARS - i
=CommColl / \ =commeoll
s s oy s
pscsn cs6 N2 N2 l 00D mSCsh e
/ p EDA _
4 BOEqual / 7 Vgl cammsac e CALMITSAC
/-uwmﬂ ,,(A,m,& /& i 77 / Al mcalrre () .
-‘oo(msm I / FusCs </ ) o wogcomsen |« puscs
widn e & y ¢ \ / 7N i J

Figure 7.17. State legislative landscapes related €ach category of components
in the ecosystem model for ocean acidification. Thalor scheme consistent with
key in Figure 7.16. Refer to Figure 7.9 for enlargment of foundation map and
agency key.
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DISCUSSION
Interpretation of results

The visual and quantitative Results showed a rariggggency involvement
across the categories. However, while federal lmplayed relatively high cohesion
among components within the categories, state dakeld comparable cohesion. In
the context of this case study, cohesion was egpettecause most of the
components making up each category are associatbdawsingle sector. Since
lawmaking has been conducted primarily within secto should follow that the
components within each category be managed consistey a single or small
group of relevant agencies. Notably, for the catiegoof Source, Cause, and Effect,
the state law did not exhibit as much cohesion betwagencies that were involved
in each category’s components as much as fedesaktkte law however, the three
categories relating to impact AIM analysis showkghly more cohesion between
components within the categories, as well as batwagegories. This inter-category
consistency, which primarily revolves around themdwant involvement of the
California Department of Fish & Game, is analogdos the Department of
Commerce’s role in the same three categories.

Findings from this case study suggest that the miuastlenging situation for
both geopolitical jurisdictions is that the agennymost danger of impact on its
resources currently has minimal, if any, involveinanthe categories of Source,

Cause, and Effect controlling the supply of oceeidification. As such, the policies
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necessary to effectively confront the threat ofascacidification will rely upon

coordination among all relevant agencies.

Federal results
Combining the three analyses, the modeled systetagades can be

summarized together. To begin, the Environmentadtdetion Agency (EPA)
emerged as the primary agency involved in the Effategory due to its prominence
as a regulatory entity. The Department of EnergH) was involved through
statutory authority. The complexity of agencies dads involved in the Effect
category was relatively low. In contrast, the Seuamd Cause categories showed
high overlap index, indicating a higher numberay$ and agencies associated with
the relevant components of the categories. Thisexpscted for the Source category
because it contained so many components. And wh#eCause category only
contained three componentgmosphereandcarbon dioxideare multi-scale issues
(Figure 7.6) that inherently cross sector and glicisonal boundaries. This diversity
in characteristics is evident through the many land many agencies associated
with the components of these two categories (Faband

The categories related to impact in federal lawenaghly consistent with
one another in that the Department of Commerce thasagency showing the
highest involvement. This was expected considetimgse categories contained

components related to living marine resources, Wwhie generally regulated by the
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National Oceanic and Atmospheric Administration (N an agency within the
DOC).

The consistency within the Effect category and imitihe impact categories
may indicate an encouraging policy developmenerms of monitoring the impacts
of ocean acidification. The EPA has primary invohent in chemical water quality
standards, this is apparent from its high involvetna the Effect category which
contained components ofarbonate pH, sequester carbon deposition and
acidification Also, according to the AIM analysis, the DOC hé&& primary
authority over the species and human activities ik be directly and indirectly
impacted by the change in water quality. Cleahyy EPA and DOC need to be in
coordination in their efforts to monitor water gtyalas it relates to impacts on
marine organisms and ecosystems. And given theusermplications of ocean
acidification, these two agencies should be at finefront of federal policy

addressing the issue.

State results
Beginning with the primary focus of the case stutigre was no clear single

or even small group of agencies that dominatedEfifect category. The California
Environmental Quality Act (CEQA) by itself did demsirate substantial
involvement, a logical result considering that #tatute enforces the environmental
quality standards for any activity in Californiat e same time, this finding was

surprising because the parallel federal law, theodal Environmental Quality Act,
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NEPA, did not demonstrate the same degree of ievoént for the Effect category.
Considering that the California Environmental Pctitth Agency (CalEPA) was
created to implement the regulations at the sttel Ifor the national EPA, so the
lower level involvement of CalEPA in the Source,u€a and Effect categories
versus that of EPA was surprising. However, in stede law analysis, the CalEPA
showed no prominence in these or any of the modeezhories. It is recommended
that further investigation of state law be madestbering the questions that arise
from this analysis.

The components in categories of Source and Causbitx obvious lack of
cohesion. For example, AIM for components in theurSe category appeared
chaotic because many singular agencies exhibissdadl degree of involvement but
no cohesion among grouped components. Furthermioeeanalysis revealed only
slight consistency between the Source and Causgiveelobservations made in
federal law.

The Department of Fish & Game measured as the mustved for the
Direct Impact, Ecological Impact, and Human Systenpact categories. The
emergence of a primary agency for impact categamdgting to living marine
resources was parallel to federal law results. H@yeamong the other categories
the analysis showed a low degree of involvementnfrmany agencies with the
impact categories, both on average and by individoenponent. Interpreting the
chaos produced by the state law findings prove#iesitang and will require further

analysis.
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Filling the gaps

Federal United States
The gaps analysis showed two main patches in déed@w relating to the

ocean acidification ecosystem model. The primangtpaelated directly to ocean
acidification (see Part A, Figure 7.5). To fill $hgap, in the context of existing
legislative information, this patch can be brokemvd into linkages within the Effect
category, linkages between the Effect and Cause ttaan Effect and Direct Impact
categories. For analysis of the Effect categore daps should be relatively
straightforward because this category has one pyiagency, the EPA. However, it
is more complicated to strategically close the dagisveen Cause and Effect since
multiple agencies will need to remove themselvesmfrcurrent regulatory
bottlenecks.

Note that according to the gaps analysis, thendivmarine resources-
associated categories were part of the second dtamajor mismatch. The data
demonstrated that this mismatch sits within oneneage the Department of
Commerce (DOC)—a situation in which intra-agencyrdmation can facilitate
needed changes. In fact, the National Marine Fiehe3ervice been charged with a
mandate to implement an Ecosystem Approach to Managt (EAM) since 2006
(Barnes and McFadden 2008). A demonstration thagnfiented species-based
regulations hinders effective monitoring of oceamd#ication could impel NOAA

to also move forward in its implementation of EAM.
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State of California
The gaps analysis of state law showed two mainheat pertaining to the

ocean acidification ecosystem model. The primargtpaelated directly to ocean
acidification (Figure 7.5). To fill this gap in theontext of existing legislative
information, this patch can be broken down int&diges within the Effect category,
linkages between the Effect and Cause, and thetedfed Direct Impact categories.
Within the Effect category for state law, the gaps more complex than federal law
because several agencies are involved in the coemp®mf this category. Perhaps
many of the laws that refer to the terrasidification, pH, and carbonate are
irrelevant to the ocean acidification problem. Fexample, the Department of
Industrial Relations regulation contains the tezatbonate33 times, indicating a
relatively high involvement of the agency in thdegmry. Howevercarbonateis
discussed in the context of industrial specifiaagiowhich is an irrelevant use for
this project. It is recommended that further resleabe performed to fine-tune
investigation of the state law. This research sthdaé done in collaboration with
lawyers who can identify and remove unrelated l&em the collection so they do
not interfere with the analysis. Furthermore, texning (computer science) experts
could assist in developing algorithms that recogrize context in which a given
term is used. For instance, term-sensitive textimgincould prevent counting
carbonateunless it is only used in the context of marinemafstry. In summary, no
policy recommendations can be made on how tohidl Effect category gap without

suggested further investigation.
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The second patch of gaps that resulted from theagebysis involved the
impact-related categories, which include componessociated with living marine
resources. Similar to that of the federal levek #@mgency involvement in these
categories was more consistent. This indicatestkigagap derives primarily from a
single agency's lack of ecosystem-based decisiockinga Consequently, this
conclusion underscores the problem of species-basgthgement paralleled at the
federal level. Of course, congruent species-basmilion-making in federal and
state levels may be indicative of a policy struetduilt to mimic itself across
geopolitical jurisdictions.

To fill this major gap within the living marine masrces sector, other
agencies besides the Department of Fish & Game tesinvolved. Analysis
revealed that the Coastal Commission, Coastal Ceasey, and the State Water
Resources Control Board (SWRCB), and several otpdag some role in the
components of these categories, although no agappgars dominant. Relatively
speaking, the California Environmental ProtectiogeAcy measured as having
substantial involvement in the Direct Impact catgduecause of one law containing
a single occurrence of the tegtankton(California Public Resources Code 28000-
28007). The law mentioning plankton designates M&ay and San Diego Bay as
state estuaries. Moreover, Morro Bay and its whttsare combined as a State
Estuary planning area, reflecting a policy shifivémd a holistic ecosystem-based

management approach.
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Further investigation should be conducted to detegnwvhether this law or
type of law could be expanded or used as a modelatmage more of the California
coast with an ecosystem-based approach.

What we can and cannot obtain from this text analyis

This case study introduces a gaps and overlapsysiaheretofore
unexplored by governance entities and applies it am emerging global
environmental problem. The coupling of the gaps awdrlaps text analysis
techniques shows high promise for providing uséitdbrmation, even in terms of
using a simple array of terms and linkages to pteda visual representation of the
modeled system-related ocean acidification. Itigmificant that the data output for
the gaps analysis makes logical sense in the cbategovernance literature and in
the experience of policy experts. The overlapsyamkupplements the gap analysis
by providing baseline governance data about agenegplvement and legal
complexity. Notably, the results for the geopoétigurisdictions drew different
conclusions. For instance, the California State \ag difficult to interpret because
frequencies of some documents' modeled componeats misleading. For both
state and federal findings, exploration by reseaihvill be critical in understanding
the true nature of the findings because of the dexies and potential
explanations. It is important to consider that easling results could originate from
guality assurance problems related to the following

» Different terminology in state law than federal law
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» Different level of management/focus by state agencversus federal
agencies
* Inconsistent document collections between statefeshetal levels
* More fragmented decision-making than imagined
* Laws appear fragmented, but only a few of the lasesimplemented
The first three issues could be tested by a tearaxpérts in California law and
computer scientists adept in advanced text miniggrahms. The last two issues
could be investigated through strategic discusslmgtsveen policymakers about a
select group of topics, with a researcher presemé¢ord and analyze complexities
of the various agencies’ involvement. Further espam of this analysis could
involve the comparison of the budget allocationghase agencies to the Agency
Involvement Measures, for purposes of exploringlibreefits of economic and law
data integration.
Policy recommendations for the CINMS Advisory Cound
A look at The Channel Islands National Marine Saact (CINMS) provides
insight into what a single agency can do to systeméaself to better confront ocean
acidification. CINMS acts under the authority of N® within the federal
Department of Commerce. As mandated under the h&ltidlarine Sanctuary Act,

the objective of the Sanctuary is “to compreherigigenserve and manage special
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areas of the marine environment,” (http:/sancesrioaa.govy. Although CINMS

enforces few regulations and labors to achievgotds under budget pressures, by

maintaining protection of species and ecosystems fadditional stressors within

the Sanctuary, it plays a critical role in mitigegfiimpacts of ocean acidification.

Scientists predict that changes in ocean chemiatrgsult of increased atmospheric

carbon, will make marine organisms and ecosysternose mulnerable to other

environmental impacts such as climate change, wgtality, fisheries, and

pollution. Raven et al (2005) asserted that “theraased fragility and sensitivity of

marine ecosystems needs to be taken into consmlerdtiring the development of

13 Eight of the nine purposes and policies of thedyel Marine Sanctuary Act (16 U.S.C.

1431)

quoted below:

To provide authority for comprehensive and coorttida conservation and
management of these marine areas, and activifiestiay them, in a manner which
complements existing regulatory authorities;

To maintain the natural biological communities liree thational marine sanctuaries,
and to protect, and, where appropriate, restore @midance natural habitats,
populations, and ecological processes;

To enhance public awareness, understanding, aptimgiand wise and sustainable
use of the marine environment, and the naturaltotiisl, cultural, and
archeological resources of the National Marine Ssrg System;

To support, promote, and coordinate scientific aes® on, and long-term
monitoring of, the resources of these marine areas;

To facilitate to the extent compatible with the npairy objective of resource
protection, all public and private uses of the ueses of these marine areas not
prohibited pursuant to other authorities;

To develop and implement coordinated plans forpitmeection and management of
these areas with appropriate Federal agencieg &tak local governments, Native
American tribes and organizations, internationghoizations, and other public and
private interests concerned with the continuingtheand resilience of these marine
areas;

To create models of, and incentives for, ways taseove and manage these areas,
including the application of innovative managemehniques; and

To cooperate with global programs encouraging awasen of marine resources
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any policies that relate to their conservationtanable use and exploitation, or the
communities that depend on them,” (Raven et al.52(Qfage vii). This policy
recommendation epitomizes the role the Sanctuagyisting management plan
already plays in combating ocean acidification iotpan its role of maintaining the
resilience of the ecological system. In additianalso underscores the need for
collaboration with other agencies and sanctuargnams. As such, the following
discussion proposes further recommendations on drevagency can work within
its mandate and jurisdiction to help confront ocaeudification.
Formal recognition of ocean acidification

For purposes of establishing a foundation for suppnd recognition of
ocean acidification, the CINMS Sanctuary Advisoryu@cil should formally
pronounce the threats of ocean acidification aaccammitment to addressing the
issue. Consequently, the Manager of CINMS shoutthédly declare approval of
this commitment to combating ocean acidificatiom Additional piece of this
declaration would be the Sanctuary’s intentionaketthe initiative to join forces
with other agencies and strategically confront aceaidification. To leverage
collaboration with other agencies, other Sanctsaaleng the west coast should sign
onto this declaration, eventually developing agratvide conservation policy issued
by the Director of the National Marine Sanctuarpd?am®. Such a policy could

attract the collaboration of NOAA Fisheries Sciencéenters and the Fisheries

'8 For further information the process of establighionservation policy in the National
Marine Sanctuary Program see
http://sanctuaries.noaa.gov/management/conservsigitml
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Management Councils, and with bottom-up momentuar e creation of unified
front in NOAA to confront ocean acidification.
Public awareness

Once the Channel Islands National Marine Sanctumaakes a declaration
recognizing ocean acidification, the Sanctuary play a role in disseminating this
message through public education. One of the msti@ngths of the Sanctuary
Program is its successful public awareness andat¢iducefforts (Morin 2001).
Prioritizing ocean acidification in the CINMS publeducation plan would spread
awareness of the issue. Recognizing that the offgctere remedy to ocean
acidification is to stop carbon emissions, publiti@tion around this issue should
focus on methods to minimize carbon emissions aedburning of fossil fuels in
order to protect marine ecosystem health.
Interagency coordination

Another major strength of the National Marine Saacy Program has been
the facilitation of interagency communication (Sum&997). By nature of their
geography and mandate, sanctuaries exist withiputiedictions of other agencies
(e.q., see Figure 7.18). Given the role of santdgaas collaborative partners, it is
recommended that the Sanctuary Advisory CouncilGsAdd a new member to
represent air quality, since the SAC brings togetine primary actors in their
waters. Now that the role of carbon emissions heenlfirmly established as the
culprit in marine water acidification, issues of quality should have a voice on the

Advisory Council. As seen with the Sanctuary AdwsdCouncils nationwide,
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representation by experts in crucial issues hawalittded coordination and
communication among other government agencies raedest groups. As such, the
inclusion of an air quality council member wouldcearage coordination among all
agencies and stakeholders with an interest in #adthh of species and water of the
Sanctuary.

From this starting point, perhaps a more formaleagrent between the
Sanctuary and the state and federal air qualityn@gs could be developed. For
example, the Sanctuary could propose a goal toceedarbon emissions released
within the boundaries of the Sanctuary. Togethdh\the air quality agencies, the
CINMS could develop a voluntary monitoring prograwhich could be evaluated
biannually and encourage new emission standardscangpliance. Although the
release of carbon into the atmosphere is a glofedllgm, the collaboration between
NOAA and air quality agencies would raise awareraass establish a constructive

model of coordination for other agencies to follow.
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Figure 7.18. Map of California Channel Islands regon and coast of Southern
California. This map contains the spatial jurisdictions of activities and
associated agencies in the area, demonstrating timherent potential for

overlapping jurisdictions.
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Future work
Future work will explore more advanced text minteghniques for better

analysis and more conclusive findings. Additionaltagets will be generated to
represent management, as well as alternative moefdsting additional or different
components of ocean acidification.
Exploration of advanced text mining

The collection of laws compiled to develop the gapd overlaps techniques
provide a comprehensive dataset deserving of mdwareed information retrieval
techniques for greater exploration. As discussed Cimapter 6, text mining
applications such as hierarchical organization yofosyms or tagging preambles
could assist in accurate and critical informatietrieval from the massive dataset. It
is also recommended that additional datasets legrated with law analysis for
purposes of accurately deciphering the enforcemémtiles in real life and their
description in the written law. Overall, furtheraquitative and qualitative evaluation
of accuracy and conclusions of the experimentsemdble future work.
Exploration of addition ecosystem models

Future work needs to involve gaps and overlapyasabn other conceptual
models. For purposes of this case study, the mei for ocean acidification was a
simplistic model in that it was isolated from theokvn feedbacks such as
temperature, sea level rise, and other factorscaged with climate change.
Furthermore, research is emerging that quantifiesphysiological impacts on all

marine organisms from projected pH decent. Witls timformation, more non-

275



calcifying components found to be directly impactaed well as other components
for the other categories, could be included in aiffed system model.

In addition, the application of this analysis abube applied to other
locations, such as the other National Marine Sams. This analysis would
provide data to test whether similar gaps exist ragnoategories for both state and
federal law, in the context of differing local ingie. Analysis could also be
performed for different costal states to see ifytlexhibit a lack of cohesive

governance similar to that of California.

CONCLUSION

Ocean chemistry confirms what will happen if we toame on our business-
as-usual path of fossil fuel burning and other ocarkmitting activities. A holistic
ecosystem-based approach is crucial to tacklingntiodti-scale and multi-sector
environmental problem of ocean acidification. Tmalgsis performed in this case
study demonstrates the power of text mining a massllection of laws, in order to
generate baseline information about gaps in agemanagement and legal
jurisdiction in relation to ocean acidification. & loutput showed that more cohesion
exists in federal law among individual issues metato ocean acidification, which
made term frequency data transparent to interphederstanding this output in the
context of governance, it is clear that the Enwvinental Protection Agency and the
Department of Homeland Security need to coordinaiéh the Department of
Commerce to develop a policy and enforcement stradb limit carbon emissions.

If top-down policy is unfeasible due to the poblticenvironment, bottom-up
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initiatives are critical for generating the pub&dwareness and consequently policy
momentum to confront ocean acidification. A sangfiedeas was provided for the
Channel Islands National Marine Sanctuary, thesemenendations can be tailored
to another agency. With or without new federal @tes legislation, it is important
that individual agencies initiate progress towardognizing and confronting ocean
acidification through internal declarations and catments. Another key factor in
progress toward solutions to global environmergsiliés such as ocean acidification
is that individual agencies will initiate relatidnips and collaborations between
sectors and relevant agencies. The future succedkeoholistic management
approach will likely be demonstrated in the contekimulti-sector environmental
problems, such as ocean acidification, becausedhle, complexities and stakes are
So great.

The gaps analysis of state law resulted in patofiesismatch between the
laws and ecosystem akin to federal law. Howeveg tverlaps of agency
involvement analysis looked nothing like the fedleesults. The state law results
involved many agencies working unilaterally andatielly. The convoluted output
was thus difficult to interpret and begs furtheamxnation. A range of tools can be
used to investigate this lack of cohesion foundthe state law and can help
determine whether these results are accuratelyctiggpi highly overlapping
jurisdictions among state agencies, or a need d¢onfegure the agency authority

metadata.
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Despite the challenges of interpreting agency wemlent for the state, this
analysis powerfully illustrated the complexity dfet issues and the range of
government agencies at multiple jurisdictional lsvdahat relate to ocean
acidification. No simple solution emerges from ftireding. However, a baseline
perspective on the management systems, relatedenaacidification or any other
multi-scale environmental problem, can be espagciafieful to develop strategic
policy and avoid redundancy and disastrous sitnatioom regulatory overlaps. In
their rudimentary form, the gap and overlap anaysesented in this case study are
only the tip of the iceberg in terms of developingls to generate critically needed
baseline governance data. There is enormous pattémitombine data gleaned from
the laws with other data sources, such as budmtasibns, spatial delineation of
relevant laws and regulations, court cases, meetiogs, management plans,
memorandums of agreement, and many others. Onteatetysis techniques go
beyond just counting terms in laws, baseline gowmece data could be generated as a
time series and integrate with other marine, ténedsand atmospheric biophysical
data, such as ecosystem monitoring results andliteat®a temperature data. This
integration would begin to truly break down bamsidor understanding feedbacks
and causal drivers between governance and bio@iysistems. Furthermore, socio-
cultural and economic data could be intertwined hwihe governance and
biophysical information to understand and examihe thole system and its
linkages. A holistic approach such as this oveduoutdated methodologies

commonly divided by disciplines and unequipped ¢mfoont global, multi-scale
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issues. Advancements in computer science and digitaamation are facilitating
integration of data that could only be imaginedthe past. Experts in all related
fields need to conceive of the capabilities of éheslvancements, push for the
tactical integration of data and support systena #eek to address large scale
environmental threats such as ocean acidificatiim mwformed and cohesive policy.
This case study stimulates discussion on the dpwent and potency of
robust tools for understanding governance in theecd of any ecosystem or multi-
scale environmental problem. As demonstrated bybdeeline data, understanding
the governance in which we function is no simplsktaHowever, the tools for
understanding governance are at our fingertips, vaitid development and further
analysis they can empower us to envision and im@Rmecosystem-based

management strategies necessary to address gishati
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Chapter 8 Conclusion

MAIN FINDINGS
Research goal

This dissertation aims to develop quantitative lysis tools to generate
baseline conclusions drawn from empirical data. idwds are designed to guide an
ecosystem-based management approach to problefregaiented ocean law. The
research focuses on two problems commonly assdcwitd fragmented decision-
making: mismatch between governance and a releeansystem (gaps) and
institutional interplay (overlaps). The investigaticombines theoretical institutional
frameworks (Young 2002) with feedback from professis in the field of natural
resource management. The research in this way migtamntributes to academic
theory but also introduces a tool for use by ptiacters.

The definitions of the two key concepts of gapd amerlaps evolved over
the span of the project as they produced termincébghallenges. In hindsight, the
terms “gap” and “overlap” may not be sufficient mout qualification to cover one
or two of the concepts identified in the outputtbé research. An “overlap” in
institutional theory typically refers to a form iostitutional interplay where different
institutions govern the same function(s) (see Yo20@2). The output of analysis for
this dissertation also included an overlap of dédfe functions as managed by
different institutions. This type of interplay igiatentional: the institution for one or

more sectors or “functions” causes unintended tffeon the institutional
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arrangements for another function in the environnfgoung 1999). Because ships
sometimes collide with whales, for example, theesugoverning shipping in the
Santa Barbara Channel off the coast of Califormetentionally affect the rules in
place for the protection of whales. This type o&iap might usefully be termed a
“functional overlap.” This conceptualization may nsg but additional
conceptualization may be needed to cover the as@eetof a type of “disconnect.”
In the case of a functional overlap, the institaéibinterplay is problematic when
there is an underlying absence of management ofcthdlicting factors. An
unintended functional overlap of this kind needsangling in order clearly to
identify the management missing for conflicting ¢tions in the environment. It
follows that a possible term for such underlyingsimg institutional provision could
be “institutional disconnect” or “functional discoect.” In theory, identification of
institutional disconnects before implementation g@vernance measures would
prevent functional overlaps assuming the agendesther actors) involved in the
overlapping institutions were willing to collabogat In reality, however,
identification is likely to proceed the other waypand due to failure to anticipate
conflict among and changes within or to separatejests of management by
separate institutions.

On the other hand, it is also possible that gawemt agencies will begin to
adopt a precautionary approach as the movementinghifovernance toward
implementing EBM continues. With the growing intwref EBM, we will have a

baseline of ecosystem data (to include human &esvias well as biophysical
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components and functions). This ecological basetiae provide a roadmap for
where the overlapping functions occur or will occuntegrating this ecological
baseline data with the institutional dimensionsookrlap can reveal where the
subsequent where institutional disconnects andtemded institutional interplay

likely occur.

Contributions

Principal
The principal finding of this dissertation, consrst with the thesis and

objective of the project, is that useful knowledd®ut gaps and overlaps in ocean
management can be gleaned from text analysis of &wd regulations. Running
basic text mining techniques on a document cotbacticompiled to represent ocean
management on the West Coast, | demonstrate thie ealquantitatively identifying
and evaluating fragmentation in ocean law. Althougteveloped the techniques
using a document collection bounded by the Califo@urrent LME, it is critically
advantageous that these tools and analyses traeafdly to other geographies.
Equally exciting is the capacity of this methodolog generate insights for any
scale of governance, from local to international.
Dataset

In addition to the principal finding, this projechakes other important
contributions to the field of ocean managementrucial step in the development of
this dissertation was the creation of a datasecefin and coastal related laws. This

collection provided a vital test bed for the explowsn and development of text
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mining algorithms. The identification and compitati of relevant documents
representing both national and multiple state glictsons is a substantial
undertaking. | recommend government or industryatgsl and maintains of the
collection for the California Current LME and fother regions. As described in
Chapter 3, | have archived the term frequency datzerated from this document
collection (in the form of a term-document matrix),the Knowledge Network for
Biocomplexity (KNB) data repository through NCEAShe KNB Project, “is a
national network intended to facilitate ecologieald environmental research on

biocomplexity,” fttp://knb.ecoinformatics.orly/ Storage of law data in the format

developed by NCEAS ecoinformatics programmers ig kecause it ensures
consistency and access for scientists who needdaft@set to explore advanced

techniques and EBM implementation.

Case study findings
Experts and/or literature have corroborated thélife examples of gaps and

overlaps in management presented in this dissemtatChapter 4 results, for
example, revealed a major gap in management sutiogithe protection of eelgrass
in federal and Oregon and California state law. &hsence of protective laws for
eelgrass was surprising given the wide acknowledgenof the importance of
eelgrass in the coastal ecosystem (Short and \Aytileeverria 1996, Duffy 2006,
Orth et al. 2006). Reflection on the deterioratpmpulations of this critical species

makes it clear that policy-makers have droppedbide Future work is needed to
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determine the extent and reliability of gaps oftkind as identified using the tools
developed. This will require more rigorous exammratfor each ecosystem
modeled.

Relative to the other 45 topics investigated, Chia@ results include
measurements for transportation that show highldewé fragmentation due to
overlapping legal and agency jurisdictions. Thigegponds with the findings of the
recent U.S. Commission on Ocean Policy (USCOP 2004)

Research for Chapter 7 (case study) yielded botheghodological and
technical contribution in the use @éfgency Involvement Measuend the Block
Analysis (to synthesize information into understsld units) respectively.
Inclusion of agency regulations proved essential foll representation of
institutional factors. The case study presente®art A (gaps analysis) revealed a
complete absence of law at every scale to deatttiirevith ocean acidification. This
is consistent with Congressional testimonies (Wetk2007) and scientific articles
(Caldeira et al. 2007).

Although each of these findings confirm previouslgative assessments and
anecdotal knowledge, the tools developed to idergdps and overlaps generate
guantitative, evidence of real-life situations iavgrnance and facilitate its visual
representation. The objective nature of the ougugports both prioritization of
strategies and the coordination needed to addrémsewmanagement in ocean

governance is missing or conflicting.
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RELEVANCE OF FINDINGS

The development of tools to evaluate problems edlab fragmentation
contributes substantively to EBM efforts. At a lsakdvel, the gaps and overlaps
revealed by term counts assist the progressiorBM Eito mainstream management
practices. The overlaps analysis, for example, beth quantitative metric and in the
associated graphical display of the legislativeltmapes, objectively calls attention
to management aspects in need of inter-agency ic@dieh. Decision-makers need
these kinds of objective tools to support developimed overarching, coordinated
policies that reflect the shift towards an EBM ayguh that itself reflects the Earth’s
inherently overlapping marine, atmospheric, ancetgrial ecosystems.

In addition to strengthening EBM and assistingtmadoption, this project
also helps to bridge the ideological distance betwsocial and natural sciences
through its use of systems thinking. The projesults support the assessment that
interdisciplinary research is essential to envirental problem solving (Clark 1999,
Ewel 2001). The development of techniques usedralascience concepts, such as
ecosystem modeling, to answer governance relatedtigns. The baseline data
generated by the research facilitates interdispli thinking and conversations
among disciplines. The organization of laws andsgstems into a test bed for
guantitative analysis provides a powerful model tloe systematic integration of
social and natural science datasets. The integrafidhese disciplines and datasets
will enable holistic identification, evaluation, é&nresolution of environmental

problems.
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The findings of this dissertation present an inacitbn to the potency of
technical tools for EBM implementation. As techregquthat integrate social and
natural science theories and facilitate commurocabetween disciplines, they can
also be further applied and developed to assisenbooadly in the study of the

human dimensions of global environmental change.

FUTURE DIRECTIONS
The project’s findings naturally generate more aesle questions than could
be answered in the scope of this dissertation. gdtential for future discovery
through the development of interdisciplinary tomsdentify and measure the notion
of fragmentation is energizing. The techniquesespnt in this project are only the
tip of the iceberg in terms of the utility and cament application in this field of
computer science, ecosystem ecology, and governdmemey. | envision future
research advancing the techniques and expandinticapms in the following
directions:
» creation of more ecosystem models representingriatyaof geographical
locations;
» exploration of advanced text mining methods beykevord frequencies;
» assimilation of the remaining portion of the lawllection that represents
Mexico ocean management and international policy;
» compilation of new collections representing managenmn other regions and

the employment of explorative techniques on tluegasets ; and
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» further verification of results by experts and piteaners in the context of

environmental issues.

Upon completion of this dissertation and under theédance of legal
informatics experts at Stanford University, my posttorate focus is the automation
of the gaps analysis into a free, open source soétywackage. | will also fine-tune
the basic algorithm of the overlaps analysis, cwdito verify accuracy of the
results, and automate the tool to make it moretjgador use by natural resource
management practitioners. Automation of the tealesqwill create a user-friendly
system for EBM efforts, and assist informed decisitaking for natural resource
management.

| anticipate four primary benefits of automationtsg and to occur in the
short term, is accessibility for government agemerd other stakeholders involved
in existing EBM programs within the California Cent. Second is the future
provision of a framework functional for other reggothat incorporates the relevant
laws and management-related documents. Third, attomfacilitates the exercise
of fine-tuning the algorithms because it supportwider spectrum of text mining
tools and will ultimately allow the integration other data types. Last, and essential
to capacity building of the text mining analysisesfvironmental law, an automated
tool will attract a user base for survey in ordertést the accuracy, utility, and

interpretability of other techniques.
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Additional ecosystem models
The process of designing ecosystem models nedus tiested for usefulness

and interpretability. Such models are powerful hattthey provide an overarching
perspective on ecosystem relationships and incatpdruman activities and scales
of biophysical processes Defensible constructiothee models is essential. An
example of a generic ecosystem model involving iségab eelgrass, associated
species as well as general biophysical componsmqiesented in detail in Chapter 4.
This model provided a testable dataset utilizingpmyject techniques. | recommend
that future models should be designed with increpsomplexity in order to reflect
real ecosystem components unique to geographicidosa such as upwelling and
other biophysical processes and conditions thatedseasonal and annual species
fluctuations. Location-based ecosystem models nme$iect complexities by
incorporating different words to represent the sacoeponents and different
linkages between components.

Automating the techniques developed in this dissiert project will allow
scientists, non-governmental organizations, masagerd other EBM practitioners
to input ecosystem models at the desired levebofpiexity or simplicity.

More advanced text mining methods

My project findings lead to the conclusion thatfaequencies, coupled with
agency authority data, obviate the need to reviemdheds of legal documents to
identify statutory and regulatory overlap. | haveeb encouraged by the work of the

International Association for Artificial Intellige® and Law (IAAIL) who share my
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concern about the problem of a growing body of diegion and its inherently
cumbersome complexities. This small group of compstientists and engineers has
begun researching and developing algorithms thatinfermation retrieval statistics
and methodologies to navigate legal documents.lll a@nduct my next research
phase in collaboration with an affiliate of the IAAINn joint exploration of advanced
algorithms that expand upon the gaps and overlaplyses developed thus far.
Verification

| recommend a more thorough survey process andegreaaluation of
output in order to determine accurately what isshese analyses can and cannot
address. A future study is in order, for exampdegvaluate th@gency involvement
measure (AIM) presented in Part B of the Chapter 7 Case Studgnvision an
agency survey in which the researcher qualitativielyestigates the degree of
involvement for each agency within the given topitise survey results would then
be compared to the text analysis results to deterroonsistency and/or patterns of
error in the data findings, and also to move in-tié@e toward resolving agency

overlaps.

Integration with other data types
Further research of text mining operations shexiosand the collection of laws

to include all documents relevant to the managemantthe oceans. Other
fundamental ocean management materials and infmmmenay include: 1. agency

budget allocations; 2. number and nature of Supr€mart and other court cases
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involving interpretation of a statute; 3. geograpstope of a law; and 4. whether an
agency has written and implemented regulations faostatute. Conveniently, these
materials can be directly linked to agencies antifas as additional attributes of a
guantitative analysis. Such added dimensions hélgracterize the scope and
importance of laws. A relatively high agency budggetmplement a certain statute,
for example, could be correlated with a visual tuendicate to a researcher that the
statute has been assigned greater management ampeithan statutes with little or
no budget allocation.

Moreover, because EBM is an inherently locatioadohapproach, other types
of datasets containing information about a placddbe integrated into the analysis.
Halpern et al. (2008), for example, recently mappgdbcation the degree of impact
of a variety of human activities on coastal and ingrecological habitats and
ecosystem services. Expanding on this work, theskinfys could be integrated with
conceptual development of ecosystem models foCtddornia Current region. For
such purposes, analysis could, for instance, usestiidy’s data demonstrating that
nutrient loading has a relatively high impact rekatto invasive species on a
particular area along California’s coast. Based tba technique presented by
Halpern et al. 2008, if stakeholders generated asystem model for the gaps
analysis that contained components related to bathent loading activities and
invasive species, these modeled components andatbsociated linkages could be
tagged by the degree of impact they have in tha.afs such, if the analysis

revealed gaps associated with both componentsdbelyl be prioritized based on
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data from Halpern et al. (2008). An advanced gagadyais such as this could rank
gaps not only by severity in category, but alsoorporate another dataset to
consider the degree of impact or value a particdamponent has on the
ecosystem’s functionality.
Additional document collections

In addition to integrating other types of dataufetresearch will rely on the
compilation of document collections relevant to estlregions as well as on
expansion and maintenance of the California Cumregion collection. In addition,
Mexico’'s federal laws could be incorporated intce tanalyses through more
sophisticated processing to address language dtensl These collections enable
the use of the technical tools to answer questinasit governance across scales and
geography, a combined contribution to an intergigstary effort to tackle problems

associated with fragmented management in a holisticner.

Last words

In conclusion, implementation of adaptive and $tali management is
essential to restore and sustain the ecosystenicegren which humans depend.
Global, multi-scale environmental problems can tratagically addressed with the
support of modern data management and programmamgedo on algorithms
developed from interdisciplinary input. The teclalicools presented in this
dissertation are novel in their application of mmf@tion technology to integrate
social and natural science data. Addressing fratgtien based on all relevant laws

is overarching in its scope, and thus can refléaven global-scale environmental
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issues or any management topics that require amyside perspective of both the
natural world and of its governance. The complegibf these systems have largely
still to be explored, but research tools like tholeweloped for this dissertation
enable directed, organized, and sustained ingumatticularly in support of
continued efforts toward EBM and holistic manageman general of Earth’'s

resources.
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APPENDIX A.
A conceptual ecosystem model on ocean acidification

INTRODUCTION

Similar to many other environmental problems, pigabcean acidification in
its larger context is a useful approach for devielg@a solution to mitigate or obviate
its impacts. Comprehending the problem of oceardifigation requires an
examination within its broader context. This projeises a chain of explanation
approach to place the environmental problem of m@eadification into a broader
framework (Vayda 1983, Blaikie and Brookfield 1983%utinen et al. 2000,
Belausteguigoitia 2004, Robbins 2007). Governaiteeature has stressed the utility
of integrating the broader perspective as a framlewo integrate systematic and
holistic analysis of sector-based management prublJuda and Hennessey 2001).

The ocean acidification chain of explanation isset of interdependent
categories that include human activities, spetiabjtats, and biophysical processes.
Each category is composed of several componentgdpeesent specific aspects of
each category. Many of the components within antvéen categories inherently
relate to one another. Essentially the componemtisimterdependencies make up a
system which can be developed into conceptual stesy(or even socio-ecological
system).

Systems analysis provides a structured manner &byan interconnected
components. Many disciplines use network modelmg\valuate a system, such as
engineering, ecology, and social sciences. For pignsocial network analyses can
answer question about who relates to whom and vd&s dusiness with whom to
understand if there are specific key players ifediint aspects of the community, as
well as to understand how a community functionsrii@gton et al. 2005). Thus,
development of the conceptual ecosystem model liig tase study employs
frameworks from both political ecology and systeanalysis.

" Quoted from Juda and Hennessey (2001:67): “Paraati MeeThe Global International
Waters Assessmesupra note 8 emphasize the importance of cabhaat analysis.

According to them: “A causal chain is a seriestafeaments that demonstrate and summarize,
in a stepwise manner, the linkages between probdemigheir underlying or ‘root’ causes.
Uncertainties accompanying each linkage shoulddselyg stated. The analysis also permits
barriers to resolving the problems to be investéigal causal chain presents the nature of the
problem itself, including the effects and transkiany consequences, and then probes the
linkages between problems and its societal calrsés. practical application, it can serve as

a model into which regionally relevant informatimay be inserted.”
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Steps to build conceptual model of any system

There is a set of commonly applied steps to baiidodel of any system (Hall
and Day 1977). First, drawing an illustration of thystem is typical to conceptualize
the system’s boundaries and define what componentglude. Second, a black box
diagram may serve to better define the componertdiakages. Third, the blackbox
diagram can be interpreted into a conceptual, bantitative, matrix of the system’s
components and linkages. The matrix is usually amsed of components by
components with cells indicating whether a linkageists between the paired
components. Following the matrix, there are sevenare advanced options to
developing a more quantitative model of a systeranyvlecosystem models continue
to more complex modeling; for example, of energgnsfer between species.
However, our end goal for this project is to usematrix of components and
conceptual direct linkages. In this case studyop sifter the stage of developing a
two-dimensional matrix that conveys linkages betwesach component in the
defined system boundaries.

The following are three general steps to createcasystem model:
» Establish boundaries of system
* ldentify components within boundaries
» Define relationships between components withintapseules

SYSTEM BOUNDARIES

The first step of modeling a system is to define bloundaries. Boundaries
can be delineated by a plethora of frameworks. tdatscience, for example, often
bounds a system using biogeographical data (Ball€$3). Conversely, an
anthropologist may bound their system of focus giéamily ties data (Bernard 1998,
Carrington et al. 2005). Scientists often defineirmaries of ecosystems based on
whatever information is available, or based on whait allocation is feasible for the
study purposes (Hall and Day 1977, Huggett 1993in®d@994). Therefore, one may
define a puddle in the middle of a dirt road aseansystem, while another person
may define the boundaries of an ecosystem to bev#tterfowl migratory route that
includes the thousands of little puddles. Both ttute an ecosystem with
interdependent components. However, inclusion ahmmnents depends on the
investigator’s focus and scale of interest. Scakes range from microbial and vial
levels (e.g. the microbial loop) to the specietaoger biogeographic level (e.g. large
marine ecosystem). Thus, ecosystems are sociallgtaated even when the
parameters used to define them are biological gsiphl. Taking a step back from
our own “scientific system,” one may find that alganization defined using
biological and physical data are also socially-tatsed, but we leave that
philosophical discussion to post-modernists.

For the system involving ocean acidification, weoge categories to help
delineate the boundaries in which our system isnddf Ocean acidification is an
ecosystem problem requiring an ecosystem appraatitetsolution. This means that
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rather than an analysis of governance of the phlfsttemical problem, we need to
look at the source of the problem, as well as thedipted ecological and socio-
economic indirect impacts. This is the same linghofiking referred to as “causal
chain” by Sutinen et al. (2000) and similar to cisaiof explanation in political
ecology (Vayda 1983). Thus, through a systems petsy@ of ocean acidification,
the following categories to delineate the boundané our system: Source, Cause,
Effect, Impact, Ecological Impact, Human Systemgpdct. The surface water ocean
acidification is the “effect”. But if we take theolitical ecology lens that has been
valuable for resolving environmental problems (RBRg researcher must examine
multiple scales and spaces to illuminate wheresthace of the given problem comes
from, as well as where and through what mechantbmgiven problem will impact.
This framework is referred to by political ecolagiss the “chain of explanation”
(Blaikie and Brookfield 1987).

Figure A.1 graphically illustrates of the concegdtnodel that includes the
main pieces that make up the chain of explanabothis case study.
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Figure A.1. Conceptual diagram of ecosystem relatgnto ocean acidification. A. Source; B. Cause; C.ftect;
D. Direct Impact; E. Ecological Impact; F. Human Sywtems Impact. Refer to Table A.1 for definitions okach
category.
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The following diagram (Figure A.2) contains the sategories used to
delineate the ecosystem boundaries. The linkageseba (indicated with lines)
categories represent the conceptual chain of dansatthe ecosystem model.
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Order of occurrence — Categorical labels

Figure A.20. Categories selected to conceptually mel the larger system
surrounding ocean acidification (OA) and its interrelated components.
Categories are represented by shapes in the order which they occur. Each
arrow indicates the direct linkage between these twvcomponents. For example,
the Source (carbon emitters) directly impacts the @use (atmospheric CQ) or
specifically, carbon emitters directly increase themount of atmospheric CQ.
The two categories occur on different geospatial ates; as such, their position
along the y-axis indicates scale. [SOURCE = Carbagmitting activities and
entities; CAUSE = Increase in atmospheric C@from carbon discharge;
EFFECT = Ocean acidification process; DIRECT IMPACT = Calcifying
organisms in the area of study (Channel Islands) ahkelp; ECOLOGICAL
IMPACT = Organisms that directly affect or are affected by fithess of species in
the Direct Impact category; HUMAN SYSTEMS IMPACT = Human activities
that directly affect or are affected by fithess okpecies in Ecological Impact
and/or Direct Impact categories.]
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SYSTEM COMPONENTS

The categories in Figure A.20 delineate the systebdundaries; thus, a
sampling of components represented each categorye¥ample, to represent the
Effect category, which embodies the physical prece$ ocean acidification,
components includedacidification, carbonate and pH. Selecting a category’s
components is a function of the scope and scabpliic, geographic, geopolitical,
etc) combined with the defined boundaries. For pinggect the scope was to include
components that could or should be reflected inagament within the confines of
our six categories. Therefore, something obscum @garly not critical to the
system’s functionality would not be included. Staieand economic values, as well
as ecological (ie. foodweb) importance were strprigken into consideration. The
model does not include some particular speciessbf §uch as surfperch, because (at
least to my knowledge) they do not play a significeole in the functionality of the
conceptually modeled ecosystem for ocean acidifinat

Each category in the modeled ecosystem consistisdofidual components.
For example, 11 components form the Source categdirgf which account for the
anthropogenic release of GO his category’s components incluilansportationand
cement manufacturingecause these activities contribute a large prapof the
world’s carbon emissions (Hanle et al. 2004, IPAD5). The following sections
apply the components to explain the concept of eatdgory.

Source

Components representative of entities and aawithat contribute a large
proportion of carbon dioxide fill the Source catggoThese encompass cement
manufacturing and fossil fuel consumers, the lattér which includes the
transportation industry from the mass scale (ehgopsng cargo) to the individual
scale of vehicles or any other entity that runsodomor combusts oil.

Cause

The Cause category is more straight-forward bexauss represented by
carbon emissions that increase the carbon dioxadeentration in the atmosphere.

Effect

The Effect category is also straight-forward beeawhe components are
directly derived from the physical/chemical effeetused by increased atmospheric
carbon dioxide. These include the absorption of, @@ ocean surface water, the
reduced availability of carbonate, the decreaggHnthe terminology “acidification”
coined by Ken Caldeira (Caldeira and Wickett 20@8)d the reduced capacity to
sequester atmospheric gfor the long term.

Direct Impact

The impact category is made up of componentsateatirectly impacted by
either the reduced ocean pH, the narrowing supeegain horizon (Raven and et al.
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2005), or the decreased availability of carbonBtem current scientific evidence it
seems there will be an undeniable impact on the\grship of organisms that use
carbonate to create calcium carbonate. In the Glalstands kelp forest, these
calcifying organisms include zooplankton (foramém#, pteropods), lobster, urchin,
abalone, and squid. See (Orr et al. 2005) for médron about impacts on fitness of
calcifying organisms, and (Klinger and Kershner&06n predicted direct impacts on
kelp.

Ecological Impact

The Ecological Impact category was less straight+rd to populate with
components. | chose a representative selectionpetiass that could be directly
impacted by a shift in population of the speciethimimpact category. These include
salmon, sheephead, anchovy, sardine, mackerdiisktarockfish, otter, whale, and
seabird.

Human Systems Impact

The impact analysis considers the direct impactalnifying organisms, the
indirect impacts on dependent organisms, and al sepaksentative sample of human
system activities that depend on the directly artireéctly impacted organisms. The
selection of components representing the Humane8ystimpact category includes
economic and recreational activities common in 8wathern California Channel
Islands region: whale watching, fishing, SCUBA diyj and commercial and
recreational fisheries.
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Table A.1. Components used to represent each categof the conceptual system
model of ocean acidification in the Channel Islandslational Marine Sanctuary.

Component Scale Component Term used to
ID | Category | description represent
component
Transportation Local, Fossil fuel Fossil fuel
industry, carbon regional Transportation transportation
emitters Shipping shipping
Cargo Cargo
Vehicle Vehicle
Car car
A Source Truck Truck
Motor Motor
Energy production Energy production Energy produc*
from power plants Power plant Power plant
Cement Cement _cement_
manufacturing manufacturing
Physical cause of | Global Carbon dioxide Carbon dioxide
B Cause ocean acidification Atmosphere Atmosphere
(atmospheric CO2 Carbon emission Carbon emiss*
increase)
Atmospheric Regional, Carbon deposition Carbon + deposit*
carbon deposition | global Sequestration Sequest*
from the
atmosphere to the
C Effect ocean
Decrease in pH Acidification Acidification
pH _PH_
Carbonate Carbonate
Selection of Local Plankton Plankton
calcifying Kelp Kelp
D Direct organisms and Lobster Lobster
Impact kelp in Channel Squid Squid
Islands region Abalone Abalone
Urchin Urchin
Species directly Local, Sheepshead Sheepshead OR
linked to one or regional sheephead
more of the Whale Whale
species listed in Otter Otter
Ecological Direct Impact Anchovy Anchov*
E category Sardine Sardine
Impact Mackerel Mackerel
Starfish Seastar
Mackerel Mackerel
Rockfish Rockfish
Seabird Seabird
Recreational or Local, Fishing Fishing
economic regional Harvest Harvest
activities common Whale watching Whale watch*
Human | inthe Channel Scuba diving Scuba div*
F | Systems Islands region that Recreation fishery Recreation fish*
Impact directly relate to Commercial fishery Commercial fish*
components in the
Direct Impact or
Ecological Impact
category

317




SYSTEM LINKAGES

Rules

This model contains only direct linkages betweemgonents. For example,
if species A could be greatly affected by the papah reduction in species B, then
there is a direct linkage between species A andSknilarly for non-species
interactions, if an activity directly causes a agrteffect, then these two components
of the system are directly linked. Feedbacks atenuuded as part of the modeled
ecosystem for the sake of simplicity and time feidisy. Figure A.3 contains the
matrix form of the linkages and Table A.2 contaims list of linkages.

Gathering linkages

Depending on the needs and confines of the pdrtyterest, there are a
variety of processes to construct a conceptuaesyshodel. Since the main goal was
to construct this model to apply the gaps and apsrimanagement analysis, |
constructed this conceptual model by first gettiamiliar with the topic of ocean
acidification through scientific literature and tGengressional Testimonies provided
on the web. Then | defined my system boundarieedas the scientific literature
about the problem — listing categories from sodocedirect impacts. Then | drafted
a list of logical components within each categagain based on the literature) and
drafted linkages. With the draft matrix of linkagésought feedback from scientists
based on their knowledge of particular categorresetween multiple categories. For
example, marine ecologists assisted in defining ¢cbmponents to use and the
associated linkages within and between the Diregbact and Ecological Impact
categories. These linkages are essentially rela®dfood web dynamics.
Appropriately, ocean chemists validated linkageswben the Effect and Cause
categories and between the Effect and Source aa&tego

The purpose of this case study was to use a caralepodel of the system to
the best of my ability within the time constraintuture will include alternative
models to test the utility of changing the rulesdefining linkages (e.g. by adding
indirect linkages to the system) and testing toisessults vary significantly with the
use of alternative models for the system.
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Sorce (A);

Ecological Impact (E);

Direct Impact (D); BLUE

Effect (C); GREEN

Human Svstems Impact (F Refer to Table A.2 for descirintion of individual relationships

Cause (B); YELLOW

Southern California Channel Islands region. Cellsndicate whether there is a linkage (1) or not (0) é&ween the two

Figure A.3. Matrix of conceptual ecosystem model p&ining to the components of ocean acidificationelative to the
corresponding components. Colors group componentsto their relevant categories (Table A.1). PINK
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Table A.2. Table of linkage definitions between coponents in modeled
ecosystem related to ocean acidification.

Block | Type | Modeled link Justification/link description Reference, if
ID applicable
1 A-A Fossil fuel- The transportation industry NA
transportation relies on fossil fuel
Fossil fuel-shipping The shipping industry relies NA
on fossil fuels
Fossil fuel-cargo Cargo vessels rely on fossil NA
fuels
Fossil fuel-vehicle Most vehicle run with fossil NA
fuel.
Fossil fuel-car Most cars use fossil fuel NA
Fossil fuel-truck Trucks use fossil fuels. NA
Fossil fuel-motor Most motor run on fossil NA
fuels.
Fossil fuel-energy The majority of energy IPCC 2005
produc* produced in the US is derived
from fossil fuel combustion
Fossil fuel-power Many power plants use fossil | IPCC 2005
plant fuels to produce energy
Transportation- Shipping is a transportation NA
shipping medium.
Transportation- Cargo shipping is part of the NA
cargo transportation sector.
Transportation- Vehicles are one mechanism | NA
vehicle of transporation.
Transportation-car Cars are one mechanism of NA
transporation.
Transportation-truck | Trucks are one mechanism of | NA
transporation.
Transportation- Motor are one mechanism of | NA
motor transporation.
Shipping-cargo Much of cargo is shipped. NA
Shipping-vehicle NA
Shipping-truck NA
Shipping-motor NA
Cargo-vehicle NA
Cargo-truck NA
Cargo-motor NA
Vehicle-car Cars are a type of vehicle. NA
Vehicle-truck All trucks are vehicles. NA
Vehicle-motor All vehicles have a motor. NA
Car-truck Cars and trucks are vehicles. | NA
Car-motor All operating cars have a NA
motor.
Truck-motor All trucks have a motor.
Energy production- Power plants produce energy. | NA
power plan
2 B-B Carbon dioxide- Concentration of carbon NA
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atmosphere

dioxide is increasing in the
atmosphere.

Carbon dioxide- “Carbon emission” relates to NA
carbon emission the release of carbon dioxide

into the atmosphere
Atmosphere-carbon | Carbon emissions affects the | NA

emission

concentration of carbon
dioxide in the atmosphere

c-C Carbon deposition- (Caldiera and
sequestration Wickett 2003)
Carbon deposition- (Caldiera and
acidification Wickett 2003)
Carbon deposition- (Caldiera and
pH Wickett 2003)
Carbon deposition- (Caldiera and
carbonate Wickett 2003)
Sequestration- (Caldiera and
acidification Wickett 2003)
Sequestration-pH
Sequestration- (Caldiera and
carbonate Wickett 2003)
Acidification-pH Ocean acidification refers to (Caldiera and

the decrease in ocean pH Wickett 2003, Orr
driven by anthropogenic et al. 2005,
atmospheric CO, Caldeira et al.
2007)
Acidification- (Orr et al. 2005)
carbonate
pH-carbonate (Orr et al. 2005)

D-D plankton-kelp Plankton find refuge in kelp

Plankton-squid Squid eat plankton find literature or
contact Briana
Brady at DFG SB
office:
bbrady@dfg.ca.gov

Kelp-abalone Abalone eat kelp (Leighton and
Boolootian 1963,
Leighton 1966)

Kelp-urchin Urchin eat kelp (Paine and Vadas
1969)

Lobster-urchin lobster eat urchin (Tegner and
Dayton 1981)

Abalone-urchin Urchin provide habitat for Tegner and Dayton

abalone. 1976
E-E Anchov*-mackerel “Small jack mackerel taken PFMC,

off southern California and
northern Baja California eat
large zooplankton, juvenile
squid, and anchovy”

http://www.pcouncil
.org/cps/cpsback.ht
ml, Accessed
3/26/2008

Anchov*-rockfish

Diet of Boccaccio includes
mainly fishes such as sardine

DFG website,
accessed 2/19/08
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and anchovy.

Anchov*-seabird

Seabird, such as pelicans,
cormorants, and albatross,
eat little coastal pelagic
finfish, such as anchovy

PEMC,
http://www.pcouncil
.org/cps/cpsback.ht
ml, Accessed
3/26/2008

Sardine-mackerel

Mackerel eat sardine

PFMC,
http://www.pcouncil
.org/cps/cpsback.ht
ml, Accessed
3/26/2008

Sardine-rockfish

Diet of Boccaccio includes
mainly fishes such as sardine
and anchovy

DFG website,
accessed 2/19/08

Sardine-seabird

Seabird eat little coastal
pelagic, such as anchovy

PFMC,
http://www.pcouncil
.org/cps/cpsback.ht
ml, Accessed
3/26/2008

Mackerel-rockfish

"The diet of bocaccio [a
rockfish] includes mainly
fishes such as surfperch, jack
mackerel, sablefish,
anchovies, sardines..."

DFG website,
accessed 2/19/08

Mackerel-seabird

Seabird eat little coastal
pelagic, such as mackerel

PFMC,
http://www.pcouncil
.org/cps/cpsback.ht
ml

Rockfish-seabird

Seabirds (ie. comorants) eat
rockfish

(Becker and
Beissinger 2006)

F-F Fishing-harvest Fishing activities harvest fish. | NA
Fishing-scuba div* Scuba diving is one way to NA
fish.
Fishing-recreational | Fishing is a major part of NA
fish* recreational fisheries.
Fishing-commercial | Fishing is a major part of NA
fish* commercial fisheries.
Harvest-scuba div*
Harvest-recreational | Fishing activities harvest fish. | (Pauly et al. 1998)
fish*
Harvest-commercial | Fishing activities harvest fish. | (Pauly et al. 1998)
fish*
Recreational fish*- Recreational and commercial
commercial fishi* fisheries often directly
compete with one another.
A-B Fossil fuel-carbon (IPCC 2005)
dioxide
Fossil fuel- (IPCC 2005)
atmosphere
Fossil fuel-carbon (IPCC 2005)
emission
Transportation- (IPCC 2005)
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carbon dioxide

Transportation- (IPCC 2005)
atmosphere
Transportation- (IPCC 2005)
carbon emission
Shipping-carbon (IPCC 2005)
dioxide
Shipping- (IPCC 2005)
atmosphere
Shipping-carbon (IPCC 2005)
emission
Cargo-carbon (IPCC 2005)
dioxide
Cargo-atmosphere (IPCC 2005)
Cargo-carbon (IPCC 2005)
emission
Vehicle-carbon (IPCC 2005)
dioxide
Vehicle-atmosphere (IPCC 2005)
Vehicle-carbon (IPCC 2005)
emission
Car-carbon dioxide (IPCC 2005)
Car-atmosphere (IPCC 2005)
Car-carbon emission (IPCC 2005)
Truck-carbon (IPCC 2005)
dioxide
Truck-atmosphere (IPCC 2005)
Truck-carbon (IPCC 2005)
emission
Motor-carbon (IPCC 2005)
dioxide
Motor-atmosphere (IPCC 2005)
Motor-carbon (IPCC 2005)
emission
Energy produc*- Energy production sector (IPCC 2005)
carbon dioxide releases a large amount of

carbon dioxide into the

atmosphere
Energy produc*- Energy production sector (IPCC 2005)
atmosphere releases a large amount of

carbon dioxide into the

atmosphere
Energy produc*- Energy production sector (IPCC 2005)
carbon emission releases a large amount of

carbon dioxide into the

atmosphere
Power plant-carbon | Power plants release a high (IPCC 2005)
dioxide amount of carbon dioxide into

the atmosphere
Power plant - Power plants release a high (IPCC 2005)
atmosphere amount of carbon dioxide into

the atmosphere
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Power plant -carbon
emission

Power plants release a high
amount of carbon dioxide into
the atmosphere

(IPCC 2005)

Cement-carbon
dioxide

(Hanle et al. 2004)

Cement-atmosphere

(Hanle et al. 2004)

Cement -carbon
emission

(Hanle et al. 2004)

B-C

Carbon dioxide- (IPCC 2005)
carbon + deposition

Carbon dioxide- (IPCC 2005)
sequest*

Carbon dioxide- (Caldiera and
acidification Wickett 2003)

Carbon dioxide-pH

(Orr et al. 2005)

Carbon dioxide-
carbonate

(Orr et al. 2005)

Atmosphere-carbon
+ deposition

(Orr et al. 2005)

Atmosphere-
sequest*

(Orr et al. 2005)

Atmosphere-
acidification

Ocean acidification refers to
the decrease in ocean pH
driven by anthropogenic
atmospheric CO, (from
carbon emissions). This
reduces the balance of
carbonate in surface waters.

(Orr et al. 2005)

Atmosphere-pH

Ocean acidification refers to
the decrease in ocean pH
driven by anthropogenic
atmospheric CO, (from
carbon emissions).

(Orr et al. 2005)

Atmosphere-
carbonate

Ocean acidification refers to
the decrease in ocean pH
driven by anthropogenic
atmospheric CO, (from
carbon emissions). This
reduces the balance of
carbonate in surface waters.

(Orr et al. 2005)

Carbon emiss*-
carbon + deposition

Ocean acidification refers to
the decrease in ocean pH
driven by anthropogenic
atmospheric CO, (from
carbon emissions). This
reduces the balance of
carbonate in surface waters.

(Orr et al. 2005)

Carbon emiss*-
sequest*

Ocean acidification refers to
the decrease in ocean pH
driven by anthropogenic
atmospheric CO, (from
carbon emissions). This

(Orr et al. 2005)
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reduces the balance of
carbonate in surface waters.

Carbon emiss*-
acidification

Ocean acidification refers to
the decrease in ocean pH
driven by anthropogenic
atmospheric CO, (from
carbon emissions)

(Orr et al. 2005)

Carbon emiss*-pH

Ocean acidification refers to
the decrease in ocean pH
driven by anthropogenic
atmospheric CO, (from
carbon emissions)

(Orr et al. 2005)

Carbon emiss*-
carbonate

Ocean acidification refers to
the decrease in ocean pH
driven by anthropogenic
atmospheric CO, (from
carbon emissions). This
reduces the balance of
carbonate in surface waters.

(Orr et al. 2005)

Acidification-
plankton

Acidification (reduced pH)
impacts calcification required
for making calcium carbonate
shells, which some species of
plankton have (pteropods,
coccolithophores, krill, etc.).

(Orr et al. 2005)

Acidification-kelp

Reduced pH (ocean
acidification) impacts kelp
gametophytes

(Klinger and
Kershner 2008)

Acidification-lobster

Acidification (reduced pH)
impacts calcification required
for making calcium carbonate
shells.

(Orr et al. 2005)

Acidification-squid

Acidification (reduced pH)
impacts calcification required
for making calcium carbonate
shells.

(Orr et al. 2005)

Acidification-abalone

Acidification (reduced pH)
impacts calcification required
for making calcium carbonate
shells.

(Orr et al. 2005)

Acidification-urchin

Acidification (reduced pH)
impacts calcification required
for making calcium carbonate
shells.

(Orr et al. 2005)

pH-plankton Reduced pH impacts (Orr et al. 2005)
calcification required for
making calcium carbonate
shells
pH-kelp Reduced pH impacts kelp (Klinger and
gametophytes Kershner 2008)
pH-lobster Reduced pH impacts (Orr et al. 2005)

calcification required for
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making calcium carbonate
shells

pH-squid

Reduced pH impacts
calcification required for
making calcium carbonate
shells

(Orr et al. 2005)

pH-abalone

Reduced pH impacts
calcification required for
making calcium carbonate
shells

(Orr et al. 2005)

pH-urchin

Reduced pH impacts
calcification required for
making calcium carbonate
shells

(Orr et al. 2005)

Carbonate-plankton

Reduced available carbonate
impacts calcification required
for making calcium carbonate
shells

(Orr et al. 2005)

Carbonate-lobster

Reduced available carbonate
impacts calcification required
for making calcium carbonate
shells

(Orr et al. 2005)

Carbonate-squid

Reduced available carbonate
impacts calcification required
for making calcium carbonate
shells (mouth of squid)

(Orr et al. 2005)

Carbonate-abalone

Reduced available carbonate
impacts calcification required
for making calcium carbonate
shells

(Orr et al. 2005)

Carbonate-urchin

Reduced available carbonate
impacts calcification required
for making calcium carbonate
shells

(Orr et al. 2005)

10

D-E

Plankton-whale

Baleen whales feed on
plankton

Plankton-anchov*

Anchovy feed on plankton

http://www.pfeg.no
aa.gov/research/cli
matemarine/cmffish
/cmffishery4.html

Plankton-sardine

Sardine feed on plankton

http://www.pfeg.no
aa.gov/research/cli
matemarine/cmffish
/cmffishery4.html

Plankton-mackerel

Mackerel feed on plankton

http://www.mi.mun.
ca/mi-

net/fishdeve/macke
rel.htm
Plankton-rockfish Kelp forests harbor juvenile (Gaines and
rockfish Roughgarden
1987)

Plankton-seabird

Seabirds, such as storm
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petrales and gulls, feed on
large plankton (such as krill)

Kelp-otter

Kelp provides refuge for
otters.

Kelp-rockfish

Kelp provides refuge for
rockfish.

Kelp-seabird

Kelp provides refuge for
seabirds

Lobster-sheephead

Sheephead eat little lobster

Matt Kay pers.
comm.

Lobster-otter

Otter eat lobster

No documentation
(Matt Kay pers.
comm.)

Squid-whale

Sperm whales eat squid

(Smith and
Whitehead 2000)

Squid-mackerel

Mackerel feed on squid

http://www.dfg.ca.g
ov/marine/mspcont
1l.asp

Squid-seabird

Seabirds eat squid

(Montevecchi and
Myers 1995,
Croxall and Prince
1996)

Abalone-otter

Otters eat abalone

(Fisher 1939, Estes
and Palmisano
1974, Hines and
Pearse 1982)

Urchin-sheephead

Sheephead eat urchin

(Tegner and
Dayton 1981,
Cowen 1983)

Urchin-otter

Otter feed on urchin

(Fisher 1939, Estes
and Palmisano
1974)

11

E-F

Sheephead-fishing

“Intense fishing has affected
the abundance and size
distribution of spiny lobsters
and sheephead”

(Tegner and
Dayton 2000)

Sheephead-harvest

Consumptive fishing impacts
(harvest) sheephead
populations

(Tegner and
Dayton 2000)

Sheephead-scuba
div*

Sheephead- Recreational fishery depend
recreational fish* on sheephead populations
Sheephead- Commercial fishery depends | (Tegner and

commercial fish*

on (and impacts) sheephead
population

Dayton 2000)

Whale-fishing

Whales have gotten caught in
various types of fishing gear

Whale-whale watch*

Whale-scuba div*

Otter-fishing

Otter-harvest
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Otter-scuba div*

Otter-recreational
fish*

Otter-commercial
fish*

Anchov*-fishing

Anchov*-harvest

Anchov*-scuba div*

Anchov*-
recreational fish*

Anchov*-commercial
fish*

Sardine-fishing

Sardine-harvest

Sardine-scuba div*

Sardine-recreational
fish*

Sardine-commercial
fish*

Mackerel-fishing

Mackerel-harvest

Mackerel-scuba div*

Mackerel-
recreational fish*

Mackerel-
commercial fish*

Seastar-scuba div*

People see sea stars when
SCUBA diving

Rockfish-fishing

Fishing practices have
reduced rockfish populations

Rockfish-harvest

Fishing practices (harvesting)
have reduced rockfish
populations

Rockfish-scuba div*

SCUBA divers can view
rockfish

Rockfish- Some recreational fisheries
recreational fish* depend on rockfish
Rockfish- Some commercial fisheries

commercial fish*

depend on rockfish

Seabird-fishing

(Dietrich and
Melvin 2004,
Becker and
Beissinger 2006)]

Seabird-harvest

(Dietrich and
Melvin 2004)

Seabird-scuba div*

Seabird-recreational
fish*

(Becker and
Beissinger 2006)

Seabird-commercial
fish*

(Becker and
Beissinger 2006)

12

A-C

Cement-carbonate

(Hanle et al. 2004)
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14 B-D Carbon dioxide- (Orr et al. 2005)
plankton

Carbon dioxide-kelp (Klinger and

Kershner 2008)

Carbon dioxide- (Orr et al. 2005)

lobster

Carbon dioxide- (Orr et al. 2005)

squid

Carbon dioxide- (Orr et al. 2005)

abalone

Carbon dioxide- (Orr et al. 2005)

urchin

15 D-F Plankton-fishing

Kelp-harvest Kelp is harvested
commercially in California
State waters.

Kelp-scuba div* Kelp forests make the Personal
SCUBA diving experience for | observation
California waters

Lobster-fishing “Intense fishing has affected (Tegner and
the abundance and size Dayton 2000)
distribution of spiny lobsters
and sheephead”

Lobster-harvest “Intense fishing has affected (Tegner and
the abundance and size Dayton 2000)
distribution of spiny lobsters
and sheephead”

Lobster-scuba div* Lobster are a highlight of Personal
night diving. observation

Lobster-recreational | “Intense fishing has affected (Tegner and

fish* the abundance and size Dayton 2000)
distribution of spiny lobsters
and sheephead”

Lobster-commercial | “Intense fishing has affected (Tegner and

fish* the abundance and size Dayton 2000)
distribution of spiny lobsters
and sheephead”

Squid-fishing

Squid-harvest

Urchin-fishing

Urchin-harvest

Urchin-scuba div*

16 A-D Plankton-power (Poornima et al.

plant 2006)

17 A-E Transportation- (Jensen and Silber
whale 2005, Kraus et al.
2005)
Shipping-whale (Jensen and Silber
2005, Kraus et al.
2005)
18 A-F Motor-fishing
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Motor-harvest

Motor-whale watch*

Motor-scuba div*

Motor-recreational
fish*

Motor-commercial
fish*
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Appendix B. Selection and compilation of laws for ocean
acidification case study

Running the gaps and overlaps analyses for the cisdy of ocean
acidification required additional laws in order tally represent the spectrum of
management relevant to this issue. In additiomése that were already collected for
as part of this dissertation (see Chapter 2 Datd9@tean Law), the focus of the case
study required compilation of air quality law. Laws the federal and state level
needed to be added to this marine collection toesmt management of air quality,
monitoring of pH, carbon emissions, and the probbémcidification.

Additional State law

For the State of California Code, | searched tgenfe.ca database for the following
terms:

- carbon dioxide

- emission

- pH

- carbon + deposition

- carbonate

- alkalinity

- acidification

- mollusk

Laws containing the majority of these terms tygicadertain to air or freshwater
quality regulation; therefore, many were not in exysting collection. Although some
laws containing these terms were already in myectthn, there were 42 additional
source documents added (
Table B.2). Additions included Global Warming Sabms Act of 2006 and the
Atmospheric Acidity Protection Act of 1988, and thgaste Heat and Carbon
Emissions Reduction Act, in addition to others (
Table B.2, Table B.2). These documents were caltech articles of sections as
provided by the State of California. This formatsaampiled consistent to the source
documents of the CCLME collection. Also, these seudocuments were divided into
individual sections, as described in Chapter 2atang smaller section-size text
documents (elements) that were consistent withrébeof the collection for the gaps
analysis. There were a total of 1,008 sections @éddhich resulted in the performing
the analysis on 32,818 sections of law for theespétCalifornia.

| did not compile additional administrative coderh the California Code of
Regulations for this case study due to the comigicgrocess necessary to collect
these.
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Table B.2.California Code added to CCLME collectionfor gaps analysis of

ocean acidification.

FilelD

Description or Name of Law

2-cabpc_1200-1214.txt

BUSINESS AND PROFESSIONS CODE SECTION 1200-1214

2-cabpc_1740-1777 .txt

BUSINESS AND PROFESSIONS CODE SECTION 1740-1777

2-cabpc_19560-19578.txt

BUSINESS AND PROFESSIONS CODE SECTION 19560-
19578.1

2-cabpc_8500-8519.txt

BUSINESS AND PROFESSIONS CODE SECTION 8500-8519.5

2-cafac_14511-14564.txt

FOOD AND AGRICULTURAL CODE SECTION 14511-14564

2-cafac_38391-38401.txt

FOOD AND AGRICULTURAL CODE SECTION 38391-38401

2-cagc_53060-53087.txt

GOVERNMENT CODE SECTION 53060-53087.5

2-cahsc_111070-111198.txt

HEALTH AND SAFETY CODE SECTION 111070-111198

2-cahsc 112650-112680.txt

HEALTH AND SAFETY CODE SECTION 112650-112680

2-cahsc 113728-113941.txt

HEALTH AND SAFETY CODE SECTION 113728-113941

2-cahsc 114057 .txt

HEALTH AND SAFETY CODE SECTION 114057-114057.1

2-cahsc_114130-114145.txt

HEALTH AND SAFETY CODE SECTION 114130-114145

2-cahsc_114419-114423.txt

HEALTH AND SAFETY CODE SECTION 114419-114423

2-cahsc _116775-116795.txt

HEALTH AND SAFETY CODE SECTION 116775-116795

2-cahsc_125292-10.txt

HEALTH AND SAFETY CODE SECTION 125292.10

2-cahsc 25110-25124.txt

HEALTH AND SAFETY CODE SECTION 25110-25124

2-cahsc 25140-25145.txt

HEALTH AND SAFETY CODE SECTION 25140-25145.4

2-cahsc 25159.txt

HEALTH AND SAFETY CODE SECTION 25159.10-25159.25

2-cahsc 25200-25205.txt

HEALTH AND SAFETY CODE SECTION 25200-25205

2-cahsc_25208.txt

HEALTH AND SAFETY CODE SECTION 25208-25208.17

2-cahsc_38500etseq.txt

HEALTH AND SAFETY CODE SECTION 38505

2-cahsc_39010-39060.txt

HEALTH AND SAFETY CODE SECTION 39010-39060

2-cahsc 39900-39905.txt

HEALTH AND SAFETY CODE SECTION 39900-39905

2-cahsc_40910-40930.txt

HEALTH AND SAFETY CODE SECTION 40910-40930

2-cahsc_41500-41514.txt

HEALTH AND SAFETY CODE SECTION 41500-41514.10

2-cahsc 44010-44025.txt

HEALTH AND SAFETY CODE SECTION 44010-44025

2-cahsc 44030-44045.txt

HEALTH AND SAFETY CODE SECTION 44030-44045.6

2-calc 7965-7985.txt

LABOR CODE SECTION 7965-7985

2-capc_0369-402.txt

PENAL CODE SECTION 369a-402c

2-capc_0830-832.txt

PENAL CODE SECTION 830-832.17

2-caprc_12210-12211.txt

PUBLIC RESOURCES CODE SECTION 12210-12211

2-caprc_19515-19519.ixt

PUBLIC RESOURCES CODE SECTION 19515-19519

2-caprc_00600-615.txt

PUBLIC RESOURCES CODE SECTION 600-615

2-capuc_2840-2845.txt

PUBLIC UTILITIES CODE SECTION 2840-2845

2-capuc_2860-2867.txt

PUBLIC UTILITIES CODE SECTION 2860-2867.4

2-capuc_8340-8341.txt

PUBLIC UTILITIES CODE SECTION 8340-8341

2-cartc_6351-6380.txt

REVENUE AND TAXATION CODE SECTION 6351-6380

2-cashc 0163-164.txt

STREETS AND HIGHWAYS CODE SECTION 163-164.56

2-cauic_9700-9702.txt

UNEMPLOYMENT INSURANCE CODE SECTION 9700-9702

2-cavc_27700.txt

VEHICLE CODE SECTION 27700

2-cavc_28060.txt

VEHICLE CODE SECTION 28060
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Additional Federal law

For the Federal United States Code, | searched theCode online database
(nttp://uscode.house.gov/download/download.shtml) for the following terms:

- carbon dioxide

- emission

- pH

- carbon + deposition

- carbonate

- alkalinity

- acidification

- mollusk

Laws containing the majority of these terms tygdicpkrtain to air or freshwater
quality management; therefore, many were not irethsting collection. Although
some laws containing these terms were alreadyeimtiginal collection, | added
another 18 additional source documents (Table B@jitions included Energy
Policy of 2005 and the Clean Air Act, in additiandthers (Table B.2). | collected
these documents in chapters of sections as prowgdide U.S. Code, consistent to
the format of source documents in the CCLME coitectCombined with the federal
source documents of the CCLME compilation, thereew&?2 source documents for
federal level used in the overlaps analysis of taise study. Also, | divided these
source documents into individual sections, as desdrin Chapter 2, creating smaller
section-size text documents (elements) consistéhttire rest of the collection for
the gaps analysis. There were a total of 1,020mecadded, which resulted in the
performing the analysis on 33,405 sections of lamttie U.S. federal level of
management.

| did not compile additional administrative coderh the U.S. Code of
Federal Regulations for this case study due taoheplicated process necessary to
collect these.

333



Table B.3. Federal law (U.S. Code) added to CCLMEatlection gaps and
overlaps analyses of law for the case study on oceacidification.

FilelD

Description or Name of law

1-07_usc_096etseq.txt

Global Climate Change Prevention Act of 1990

1-10 usc_270letseq.txt

CHAPTER 160 - ENVIRONMENTAL RESTORATION

1-15 usc_290letseq.txt

Global Change Research Act of 1990

1-15 usc_2953etseq.txt

National Climate Program Act

1-16 usc_160letseq.txt

FOREST AND RANGELAND RENEWABLE RESOURCES
PLANNING

1-16_usc_2101letseq.txt

COOPERATIVE FORESTRY ASSISTANCE

1-22 usc_7901etseq.txt

CLIMATE CHANGE TECHNOLOGY DEPLOYMENT IN
DEVELOPING COUNTRIES

1-23 usc_00letseq.txt

FEDERAL-AID HIGHWAYS

1-25 usc_3500etseq.txt

INDIAN ENERGY

1-26_usc_4600etseq.txt

ENVIRONMENTAL TAX

1-30 usc_18letseq.txt

Coal Market Competition Act of 2000, Mineral Revenue
Payments Clarification Act of 2000, etc.

1-30 usc_80letseq.txt

Federal Mine Safety and Health Act

1-42_usc_15801etseq.txt

Energy Policy of 2005

1-42 usc_8901etseq.txt

ACID PRECIPITATION Act of 1980

1-42 usc_1320letseq.txt

Energy Policy Act of 1992

1-42 usc_6201etseq.txt

Energy Policy and Conservation Act of 1975, 'Energy Act of 2000'

1-42_usc_6901etseq.txt

Storage Tank Compliance Act, Medical Waste Tracking Act of
1988', Hazardous and Solid Waste Amendments of 1984', Waste
Disposal Act'

1-42 USC_7401letseq.txt

Clean Air Act
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Appendix C. Glossary of terms

Block — Used in case study (Chapter 7) to refer to aitjmartof the matrix that
represents a conceptually modeled ecosystem. Thaelmmoatrix was partitioned
according to the modelazhtegories

Category — Groupings used to delineate the conceptually teddecosystem
boundaries. Each category represented a set ofjsteasxcomponentsThe case study
uses six categories to represent the chain of eapta related t@ocean acidification
Source, Cause, Effect, Direct Impact, Ecologicgbdet, and Human Systems Impact.

Component— Refers to the elements that make upeamsystemincluding species,
human activities, habitats, and biophysical proggss

Data mining - Application of computer science techniques tecdver patterns in

data and between datasets that would not havewieebeen possible without the
processing power of computer programming languagés. term “data” assumes
some type of structure that can be used to andtyzmformation.

EAM — seeEcosystem Approach to Management
EBM — seeEcosystem-based management

Ecosystem - An ecosystem is a dynamic complex of plant, animahd
microorganism communities and the nonliving enunemt, interacting as a
functional unit. Humans are an integral part ofsgstems,” (Millennium Ecosystem
Assessment 2005). Therefore, tlekages between humans (activities, uses, and
impacts) and other species and biophysical prosesskerently constitute an
ecosystem.

Ecosystem Approach to Management (EAM)— same as ecosystem-based
management for this dissertation (see below). TagoNal Oceanic and Atmospheric
Administration (NOAA) uses this terminology in law.

Ecosystem service- Defined by the Millennium Ecosystem Assessme&iOb):
“Ecosystem services are the benefits people olfitam ecosystems. These include
provisioning services such as food and water; amg services such as flood and
disease control; cultural services such as spiriteareational, and cultural benefits;
and supporting services, such as nutrient cyctimagft, maintain the conditions for life
on Earth. . . Biodiversity is the source of manpsstem goods, such as food and
genetic resources, and changes in biodiversityirdduence the supply of ecosystem
services” (http://www.millenniumassessment.org/aoents/document.300.aspx.pdf)

Ecosystem-based management “an integrated approach to management that
considers the entire ecosystem, including humam& goal of ecosystem-based
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management is to maintain an ecosystem in a heafifoductive and resilient
condition so that it can provide the services husnaant and need. Ecosystem-based
management differs from current approaches thatllystocus on a single species,
sector, activity or concern; it considers the cuatiué impacts of different sectors.”
(McLeod et al. 2005)

Gap — For this project gapis a critical linkage in the ecosystem that isegibgrom
management

Gaps analysis- Text mininganalysis developed in this dissertation projectiémtify
gapsin management and measure the degree of mismateledse management
institutions and a relevant ecosystem.

Ground-truth — Refers to verification meetings and intervieveducted to get
feedback from ocean management practitioners apdtsic experts for developing
and verifying the data analysis techniques cremtélis dissertation.

Institution — Used throughout the dissertation with Oran Yoanggfinition of an
institution Encompasses “rules, cluster of rights, and dewisiaking procedures”
that guide human behavior. As sucknvironmental institutionrefers to a
management system that guides human use and abdise environment (Young
1999, 2002).

Institutional interplay - Agencies involved in the overlap often do nobrchnate or
consult one another adequately to ensure pernattadties are compatible with one
another. The resulting institutional interplay dam either beneficial or problematic
(Young 2002). Negative interplay can be seen immptas of redundancy, conflicting
mandates, inconsistent regulations, and other recticausing inefficiencies and
preventing effective management. These problentatses of institutional interplay
are often major obstacles in implementegpsystem-based managemdatisions.
Institutional interplay until now has only been mtiied on a case-by-case basis and
investigated in a qualitative, often descriptivenmer

Knowledge discovery— A sub-discipline of Computer Science that inigges
developing data and text mining techniques. Th&ddfispawned from the rapid
growth of digital information (Feldman and Sangé0?2).

Linkage - Linkagescan include interactions among species and/ortdtabior with
biophysical conditions or human stressors (Youn@g)9

Misfit — Incongruence between institutions and the ecesysiThere are several
ways in which an institution may fit (or not fit) aommon pool resource or
ecosystem. Problems may derive from any type ofithgich as when institutions
often do not fit with or encompass the spatial emporal scales or functional
processes of the relevant ecosystem in which they g role (Ostrom 1990, Young
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2002, Wilson 2006). Spatial mismatches occur, foangple, when the migratory

scope of a species spans political borders. THierdnce in scale prevents any
effective control over human behavior outside theisgiction unless there is

substantial effort in coordinating the authoritatigntities (Wilson 2006). Temporal

mismatches appear typically through disconnectirnre tscale between ecosystem
functionality and voting cycles and other decisioaking procedures that drive

political processes. Impacts on marine systemsocanr faster or slower than rigid

institutional time scales, leading to a lack ofipplresponse to adequately adapt
management effectively (Crowder et al. 2006). Uséelchangeably witimismatch

Mismatch — Incongruence between institutions and the etesys Used
interchangeably witmisfit

Natural science — Group of academic disciplines such as astronopmysics,
chemistry, and biology that traditionally have istigated questions about the world
using laws of nature for a basis of theory. Histalty, scientists sought to conduct
natural science separate from human dimensions.

Ocean acidification — The chemical process of ocean surface watercieglun
alkalinity, referred to as ‘ocean acidification’da@ise waters are becoming essentially
less basic (Caldiera and Wickett 2003). As wateobees less basic, it is essentially
acidifying even though ocean water pH measuresehighan 7.0. As the ocean
absorbs atmospheric carbon dioxide, in the surfear carbonate bonds with the
added anthropogenic G®ecoming carbonate (HG®), which decreases the pH in
this water. This chemical change disrupts caldificarates and growth of calcifying
organisms, such as coral, some species of plankit@hjns, and probably lobster.
However, the chemical impacts will likely have largrepercussions on the
physiology of all marine life. In the larger contexhe ocean’s acidification will
reduces the ocean’s capacity to effectively segue3Q out of the atmosphere into
the deep ocean for hundreds of thousands of yeHmss this means ocean
acidification will lead to more rapid buildup of rt@n dioxide in the atmosphere,
increasing rates of global warming.

Overlap - occurs when multiple agencies have jurisdictimer the same resource
and/or activity. Overlaps also occur when agencles/e jurisdiction over
incompatible activities. Both types of overlap d@mefit agencies or multiple sectors
when they coordinate or have consistent mandatesekier, when an agency makes
a decision for one sector, it can result in unideghnegative consequences for other
sectors (Sutinen et al. 2000, Young 2002).

Overlap Index (OIl) - Within any geopolitical jurisdiction for any gwn topic, the
Overlap Index demonstrates the complexity of mamggie topic as a function of the
combined number of laws and agencies in the topi@eagement.

Problem of fit — The problem of fit relies on the idea that thiage sustainable use
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management systems need to reflect the structuvopepies, and processes of the
relevant ecosystem. See Young 2002, Folke et 8lZ,2bbbin 2002.

Sector— Refers to tradition divisions of managementhsas mining, fisheries, and
shipping and transportation, which historically 6adween driven by industrial use of
the ocean.

Sectoral management—Historically government agencies and Congress emad
decisions within sectors to manage for uses andexbof the marine environment.

Social science- Group of academic disciplines, such as anthompgl sociology,
political science, human ecology, and cultural gephy, that use qualitative and
guantitative methods to answer questions about hubpehavior and other human-
related aspects of the world.

Species-based managemenrtRegulating fisheries and other natural resoubessd
on individual organisms or populations of spec®msch as salmon, without stock
assessment models including the organism’s ecabgjitkages with other species
and habitats.

TDM — see Term Document Matrix

Term Document Matrix (TDM) - A term-document matriKkTDM), commonly used
to explore text mining techniques (Feldman and 8a2§07), organizes terms in a
table according to the frequency of occurrenceachelocument in a collection.

Text mining - Application of computer science techniques tscdver patterns
between documents that would not have otherwisen b@essible without the
processing power of computer programming languadgesxt documents are
essentially unstructured data when they have nd&upaand thus require additional
preprocessing techniques before they can be ambgystematically.
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