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ABSTRACT

In this paper, we describe an innovative applicatid mining

laws to identify and measure overlapping jurisdict of

government agencies. Laws (statutes and regulativese used
to represent ocean and coastal management forgfpolitical

jurisdictions of federal and state levels (WashimgtOregon, and
California). We developed preliminary metrics ofedap based
on the number of statutes, regulations, and agerassociated
with any given topic. The utility of these metrigas tested on 46
topics representing a range of activities and nessu across
ocean-related sectors within the geographic scopelaws

investigated. We found the preliminary results lo¢ toverlaps
metrics to reveal results similar to a recent nevié federal ocean
management [1]. In addition, a network diagrampbieal

display of the data revealed multiple dimensionsfaoilitate

interpretation of results.
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1. INTRODUCTION

In the United States, the large and growing nunolbéaws related
to any given issue or domain, such as building ttangon, water
quality, emergency response, and oceans, is leadiimgefficient
and inconsistent management. The huge number nftestaand
regulations can hinder decision-making involvingthtb@urrent
activities and emerging uses. For example, in tudy €1980s,
while conducting mineral exploratory assessmerisysc survey
vessels unintentionally cut lines of fishing trapst along the
Southern California coast. This cutting resultedderelict lost
traps scattered along the ocean floor, which direichpacted
fishermen economically and threatened future fisipupations
since traps would continue to catch fish with ncage route
(pers. comm. John Richards). Commercial fishernaehdet these
traps under the permission of the California Departt of Fish
and Game, and the survey vessels operated under
authorization of the California State Lands Comioiss The
shared spatial jurisdiction between the DepartnménEish and
Game and the State Lands Commissions became pratidem
when the two agencies permitted activities thatctiomally
interfered with one another. Although the situatieas eventually
remedied through a collaborative process, the Staads

thénconsistent regulation [17].
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Commission could have avoided permitting an incdibfause if
decision-makers had information about managemeglagons
of other agencies.

Regulatory measures permitting a new activity stiodde
developed in the context of existing legislationowgéver,
decision-makers have depended on qualitative kggliations to
provide information about existing legislation. ihthis may be
sufficient in small-scale issues that occur in treédy small
locations, such as within one or two counties, @ to provide
comprehensive and quantitative data is neededafget scale
issues. This is particularly a concern for the niednre as the
number of laws continues to grow[1].

Locating all applicable laws and their authoritatagencies is no
easy task. Still, to avoid inconsistent and cotifii law-making,
government agencies and other stakeholders nee€ctivij
baseline information about existing legislation. dibnally,
these data must be transparently produced so ¢c#ion-makers
not familiar with advanced information retrievatimiques can
easily interpret necessary information. In this gragve propose
to employ information retrieval techniques alongthwiocial
network graphical representations to reveal quathté
information about selected topics in the domaioa#an-relevant
law.

1.1 Problem in context of oceans

As the health of Earth's oceans is pushed to itstdi by

increasing anthropogenic stressors, it is vitalt thee more
effectively manage uses and abuses of the marineoament.

Uncoordinated ocean management is a major source
deteriorating ocean health and will continue to éegroblem
under the current sector-based management systemlf5the

United States, decision-making for the marine aeminent is
divided into sectors such as fishing, mining, arahsportation,
among others. Growing coastal populations, combinéth

technological advances, have greatly increasednoase, which
in turn has led to a massive body of governmenameegulation.
Coupled with the morass of law, the fragmented @agh has
resulted in overlapping jurisdictions, gaps in ngeraent, and
As a consequencehef sectoral
divisions, the agencies with authority to manageerofdo not
consult or cooperate with one another to ensuremifted

activities are compatible. Lacking sufficient cooation, the
jurisdictional overlaps have become major culpiitsdamaging
ocean health [5, 15]. Policy-makers cannot begisttategically
fill problematic gaps in coordination without a corahensive
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evaluation of the problem. Focusing on the chakkeafjoverlap,

this paper presents a simple but powerful usexfriening and

social network analysis to systematically idenéifyd characterize
who manages what in the oceans. As the tool ikéurdeveloped,
the intended users are advisory boards of ecosysteed

management (EBM) programs along the west coasteofnited

States.

In recent decades, the problems of uncoordinateztlapping
laws and agency jurisdictions have been highlighteé number
of actors, including proponents of ecosystem-basadagement
(EBM) [4, 5] and marine protected areas [10]. Fatance, EBM
is a management approach developed to addresseprobbf
sectoral management [15]. The implementation of thiegrated
approach requires tactical coordination of marinenagement
decisions between agencies. Thus far, advocatesER¥
articulate fragmented management problems throughixa of
cases. These cases thoroughly and qualitativelyridesinstances
of uncoordinated overlaps, inconsistent regulatiomsompatible
activities, and cumulative impacts [5, 11, 15]. Hwaer, for both
marine protected area and EBM efforts, no comprakien
analysis has existed to compare the degree of apveatross
sectors. Such an analysis of overlaps would equpisitbn-
makers with baseline information so that they cintify gaps in
coordination and incompatible regulations. Ideadfion of key
agency control and regulatory overlaps relatingatty given
management topic can assist effective stakeholmlanwinication,
participation, and decision-making.

This paper demonstrates a simple, but formal, aislyf ocean
and coastal law that aims to answer the followingggions:

* What ocean issues are the most fragmented in tefms
overlap?

¢ A What laws functionally overlap? B. What agencies
are involved in implementing these laws?

Answering these questions provides data to: 1.rohite the
severity of fragmentation by place; 2. prioritiz®iplems based on
location and severity of fragmentation; 3. serveadsaseline for
monitoring institutional performance; and 4. meastire impact
of management changes on ecosystem health. Moezalgn the
information generated from a comprehensive and tifatine
analysis of ocean laws can assist decision-makedefine high
priority areas more precisely to improve governm@peration
based on empirical information.

Exploration of text mining applications to answekegtions about
overlap required a collection of documents to regné ocean and
coastal management. We used a compilation of l&as were
manually collected by Ekstrom in 2006 from publielgcessible
websites from four geopolitical jurisdictions (fedeand three
states). The following Dataset section presentsdtite and the
metadata used. Section 3 presents the analysiood®etised to
explore the data. The results of the preliminaralysis are
presented in Section 4. In Section 5, we presdatpretation of
preliminary findings and suggested future work iteeftune the
algorithm.

2. DATASET

Two sets of information were used in the overlapalysis: 1.
term and phrase frequencies extracted from a setceédn and
coastal laws; and 2. record of authoritative ageér each law.
These data and metadata were integrated for 46cstopi
representing various issues related to the marmérament
along the Pacific coast of the United States (Sgar€ 4 key for
list of topics). We recognize that analyzing laves represent
management constrains the analysis only to formigsy rights,
and decision-making procedures. However, until aag
including non-governmental and informal institusois compiled
to represent all sectors across multiple jurisdittj the laws
provide a free and publicly available dataset tgifguantitative
examination of fragmented management.

2.1 Data filtering

In order to generate term and phrase frequenciesised a set of
ocean and coastal laws representing the state edwtal laws
relevant to the west coast of the United StatesI®posing a set
of laws for analysis required identifying and apply a set of
criteria. To be included in the analysis of thisjpct, a law had to
fulfill three criteria: geographic scope, scale afocial
organization, and type of document. Collecting wittihe defined
criteria produced a consistent collection of laws duantitative
examination of overlap relevant to federal andeskatels, as well
as among multiple topics.

2.1.1 Geographic scope

The scope of this project was the Northern Calitor@urrent
Large Marine Ecosystem. Therefore, documents watvgs or
influence over managing the activities that affesources in this
region were selected. International organizations rmational and
state governments have adopted the Large MarinesyBtm
(LME) concept to improve management of the marine
environment. On the magnitude of 200,0002,krld\/|Es “are
regions of ocean space encompassing coastal am@asriver
basins and estuaries to the seaward boundarierdinental
shelves, enclosed and semi-enclosed seas, anditiiensargins
of the major current systems,” [14]. LMEs spatiatigver the
most economically, politically, and ecologically portant
portions of the oceans worldwide [16].

The California Current Large Marine Ecosystem csissof one
of the most well-documented marine ecosystemsanatbrid [9].

Located from the Washington State-Canada bordgusiosouth

of Baja California Sur, Mexico, the California Cent LME

extends seaward to approximately 300-600 nautigsnirom

the continent. The northern portion of this LMElirdes the coast
and offshore regions of northern California, Oregcmnd

Washington [13].

2.1.2 Scale of social organization

The second criterion was that the laws were limitedational
and state levels. The inclusion of additional levebf
management, such as county, regional, and city,ldvixave
provided a finer scale of analysis, but there deusands of
localities within the geographic scope. Therefalag to time
constraints, it was not feasible to identify anthgalaws from the
smaller-scale jurisdictions.



2.1.3 Type of law

The third criterion was that laws were in the forro& codified
statutes or administrative code (regulations) tatesand federal
levels. Codified versions of laws were used becdbese were
the most accessible. Additionally, the publicly eggible digital
format throughout all relevant jurisdictions is aped regularly
for codified versions of law. For example, the uedacode does
not include repetitive text from a reauthorized thett existed in
the original version. The aim of this collection svéo gather
relevant laws for one point in time, for which cioefil laws were
the most appropriate. For each jurisdiction, wdlided any law
that mentioned at least one of the terms “oceanga$t,” or
“marine.” Laws referring only to “marine” were maally filtered
out if they only applied to issues relating to tHaited States
Marines (i.e., insurance or retirement regulatiarsother issues
unrelated directly to uses of the ocean). The remagilist of laws
was compiled in their hierarchical units to be amaplel as
possible among each jurisdiction within the coristsaof digital
availability (Table 1). The number of laws meetitig criteria
varied with jurisdiction (Figure 1).

Ideally the legal units would have been compileasistently,
such as in chapters. However, the hierarchies drasigghtly
across geopolitical jurisdictions and the Califarobde was more
readily available at the Article level than the @te level. There
were two types of legal units used in this analyBlecuments

containing regulations are referred toRegulatory Units (U.S.
Code of Federal Regulations, Washington AdministeaCode,
and California Code
Regulations), and the codified statute documerseferred to as
Satutory Units (U.S. Code, Revised Code of Washington, Oregon

Oregon

Administrative Rules,

Revised Statutes, and California Code).
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Figure 1. Number of ocean and coastal laws compiletbr
overlaps analysis (see Table 1 for hierarchical uhiof law

compiled for each geopolitical jurisdiction).

Table 1.Jurisdictions, format of law, and units collected ér marine-related law dataset.

Geopolitical Compiled document
>eopoit Law type Codification hierarchy (Statutory/
jurisdiction .
Regulatory Unit)
) U.S. Code (statutes) Title/Chapter/Section Chapter
Federal United S Code of Faderal
States law -=. wode of Federa Title/Volume/Chapter/Part/Section Part
Regulations
Revised Code of Title/Chapter/Section
Washington (RCW) Chapter
State of 9
Washington WA Administrative Code Title/Chapter/Section Chapter
(WAC) P
Oregon Revised Statutes Title/Chapter/Section Chat
(ORS) apter
State of Oregon — ;
Oregon Administration Chapter/DIV|S|on/Sectlon Divisi
Rules (OAR) vision
. . Code/Division/Chapter/Article/Section .
California Code Article
State of California : :
California Qode of Title/Division/Chapter/Section Division
Regulations




2.2 Metadata - Agency authority tables

The agency authority metadata for each law wegam supplied
by the National Oceanic and Atmospheric Adminigrat
(NOAA) Coastal Services Center and in part compileg

Ekstrom. The NOAA Coastal Services Center Digitapislative

Atlas Program Http://www.csc.noaa.gov/legislativeatlpsiad the
agency authority list for each federal ocean-relatgatute
publicly available on its website. Their websitetéid authority to
the most specific level of program or agency thaswapparent
from reading the law. For the state statutes, Bkstobtained
agency authority by skimming laws. These metadagdeevstored
in the format of an agency by document matrix (€L

Table 2. Excerpt of document-agency matrix metadata
compiled for each law in dataset. Ones indicate whe an
agency has authority to implement the law. A fullikt of
agencies and acronym definitions can be found in &ire 2.

w EPA | DOC | DHS | ACE
Document
Clean Water Act 1 0 1 1

(33 USC 1251 et seq.)

Magnuson Stevens Fisheries
Management & Conservation 0 1 0 0
Act (16 USC 1801-1883)

Invasive Species Act
(16 USC 4701 et seq.)

To ensure consistency, the higher department leiviie agency
was recorded for the metadata. With this genet#izaan agency
was recorded as its parent department, in whith é@mbedded.
For instance, the National Oceanic
Administration (NOAA) was recorded as the Departmen
Commerce, and the National Park Service was redoagethe
Department of the Interior. However, the more dpea@gency
authority information will be used in forthcomingaysis to
investigate needs for intra-agency coordination.

Agency authority for the national and state regofet was
available on the U.S. Code of Federal Regulatiorebsite
(http://mww.gpoaccess.gov/uscode/index.html) and ahe
relevant State government administrative code (egigms)
websites. Authorities were scaled up consistentlyarallel of the
statute authorities, as described above.

3. PRELIMINARY OVERLAPS ANALYSIS
Preliminary text analysis was performed to map leyging
functions among laws of relevant agencies. To detnate the
technique’s utility and test its accuracy, we seléc46 issues
related to ocean and coastal management (see Kaguce 4) to
represent key ocean topics. A topic for overlaplyeig can be
anything related to the marine environment, suclarasctivity,
resource, species, or ecosystem stressor. Sevietiaése topics
were associated with well documented managemeangements
[15], thus enabling verification of results. In dith, the 46
topics were selected as a representative sampdetivities and
resources that span all major marine-related sectithin the
geographic scope of the laws investigated.

and Atmospheric

3.1 Data — Topic by document matrix

To establish the baseline analysis, the 46 topies each
represented by a term or a phrase (see Figure Ksfaf topics
investigated). In the future, we plan to utilizalltiple terms,
synonyms, and related phrases to improve resultscribt was
developed to identify and count any term (word dmase)
occurrence in the law collection. Querying the tasdlection with
the selected term or phrase produced a topic byrdent matrix
of raw frequencies for each legal unit (Table 3).

Table 3. Sample of topic-document matrix.

Topic freq| Trans-
Document portation

Clean Water Act
(33 USC 1251 etseq.) 102 986 2 1

Pollut* | Fishing | Ballast

Magnuson Stevens
Fisheries Management
& Conservation Act

(16 USC 1801-1883)

32 5 726 0

Invasive Species Act
(16 USC 4701 et seq.

The frequencies were used to represent the degrebith a law
is involved in managing issues related to eachctofihough the
frequency, as used here, cannot precisely indicatéaw’s

jurisdiction, it can reflect a law or agency’s téla involvement.
For example, if one law references ‘fishing’ twonéis and a
different law references the term 700 times, gvglent the latter
is more concerned with fishing activities. Alterimaty, the fact
that two laws contain a term 15 times does not sesrdy reveal
that they are equally involved in management negato the topic.

To determine what agencies were involved in a gitggric, the
topic-document matrix (Table 3) was integrated with agency-
document matrix (Table 2) resulting in a topic lgeacy matrix
(Table 4). The number of agencies associated watvs |
containing a topic represented a second dimendiovarlap. As
such, a relatively high number of agencies involieda topic
indicated a likely complicated case for coordinatio

Table 4. Excerpt of topic-agency matrix compiled fom
combination of document-agency and document-topic
matrices. See Figure 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

! The script was implemented by Daniel Spiteri.



Using the topic-document and topic-agency matricése
following two subsections present preliminary vhhés
developed to calculate the degree of overlap of lamd agencies.

3.2 What topics are most fragmented from

overlapping jurisdictions?

We developed preliminary metrics to indicate thegrde of
overlap as a function of topic and geopoliticaligdiction. The
degree of overlap was calculated using the numbetaws
involved and the number of associated agencieswhet linked
to laws involved in each topic. The topics werentlanked for
each geopolitical jurisdiction based on these e

We used three variables to indicate the degreeveflap that
occurs for each given topic. The first variable wiasived from
the number of statutes that contain a given tomferred to as
Statute Overlap (SO). The topic with the highesnhber of laws
ranked as having the highest overlap from thisustatariable. To
compare the variable across multiple geopolitigekgictions, we
normalized the statute overlap variable by theltatanber of
possible statutes in the ocean law compilation tfo given
geopolitical jurisdiction.

VU (T,GP)
>, SU(GP)

SO= Statute Overlap; T= Topic; GP =
jurisdiction; SU= Statutory units

SO(T,GP) =

Geopolitical

The second variable was derived from the numbeegidlations
that contain a given topic, referred to as Regue@verlap (RO).
The topic with the highest number of laws rankechasging the
highest overlap from this regulation variable. Tompare the
variable across multiple geopolitical jurisdictionge normalized
the RO variable by the total number of possiblaitaipns in the
ocean law compilation for the given geopoliticaigdiction.

RU (T,GP)
> RU(GP)

RO= Regulation Overlap; T= Topic; GP = Geopolitical
jurisdiction; RU= Regulatory units

RO(T,GP) =

The third variable was derived from the agency auity» metadata
for each law. To calculate this agency overlapalad, referred to
as Agency Overlap (AO), the agencies associatedh e
overlapping laws (statutes and regulations) foivargtopic were
summed. To compare the variable across multiplepgécal
jurisdictions, we normalized the AO variable by thé&al number
of agencies represented in the ocean law compildtiothe given
geopolitical jurisdiction.

A(T,GP)
> AGP)

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

AO(T,GP) =

In our preliminary development of an overarchinglérn of
overlap, the three variables were averaged as teeldp Index

(OI). Within any geopolitical jurisdiction for argiven topic, this
Overlap Index demonstrates the legal and agencyplexity
involved in managing the topic. For each jurisdiotithe number
of laws and the number of agencies were normallzgdheir
corresponding total possible laws and agenciesn The average
sum of the normalized variables was calculateaksws:

O +RO+ A0

OI(T,GP) =

Ol= Overlap Index; T= Topic; GP = Geopolitical jurisdiction

This overlap measurement provides an index thatwall the
systematic comparison of overlap between topicshimwitand
among jurisdictions. The index can range from zerd00%. A
topic involving a high number of laws and a highmier of
associated agencies would result in a number claseir00%.
Alternatively, with zero number of laws and withnsequently no
agencies associated, the index result would be zero

This basic calculation of Ol adjusts appropriafelycases where
one variable is high and the other is relatively;liowever, the
separate variables of SO, RO and AO provide a rdetailed

depiction of the overlapping information. For exde@n cases
where a topic has many laws that are implementeslg/ih one
agency, the Ol may be a high number only basedhenhtgh

results of the SO and RO. Only by comparing theviddal

variables will the researcher see that the AO v ¢o null and

therefore, the topic is not at risk of interagemereriap (though
intra-agency overlap may be revealed through
investigation). The aggregated Ol and more granzdanponents
are likely to be of interest to different usersdame plan to
perform usability evaluations in the future to detme their
usages.

3.3 What laws and agencies overlap?

To visualize ocean management overlaps, we denadadtere a
graphical representation of the previously defindata and

metadata matrices. For this task, we used the Ispetaorking

software UCINET version 6.170 [3] and NetDraw versR.064

[2]. The document-agency authority metadata matixed as the
primary data input (Table 2). Agencies and documenere

displayed as individual nodes with agencies labelad each
document (legal unit) represented by a circularendtl line was

drawn from each document to its associated agemcyn(ltiple

agencies) (Figure 2). For example, the NationaliBnmental

Policy Act (42 U.S.C. 4321 et seq.) was conneateitstauthority

agency of the Council on Environmental Quality (QHi@cause
this agency has jurisdiction to implement the s&atuSome

statutes are under the authority of multiple ages)csuch as the
Clean Water Act. This Act is under the authority thfe

Environmental Protection Agency (EPA), the Army @orof

Engineers (ACE), and the Department of Homelandutgc

(DHS). Regulation nodes were linked to the agemat tvrote

them. Lastly, the topic (represented by a term twrage)

frequencies were added as attributes. Document snadsre

resized to reflect relative frequency of each topitese diagrams
visually demonstrate what laws overlap, and consety what

agencies overlap given their authority over theic@ssociated
laws.

furthe
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statute (U.S. Code) O 9

EPA: Environmental Protection
Agency

ACE: Army Corps of Eng.
DHS: Dept. Homeland Security
DOTr: Dept. of Treasury

DOE: Dept. of Energy

NSF: Mational Science Fndn.
CEQ: Council Envtal. Quality
DOC: Dept of Commerce
DOT: Dept. of Transportation
DOS: Dept. of State

DOI: Dept. of Interior

DOA: Dept. of Agriculture
FMC: F ederal Maritime Comm.
DOJ: Dept. of Justice

DHHS: Dept. of Health & Hum.
MMC: Marine Mammal Comm.
DOD: Dept. of Defense

Connects law to
authoritative agency(s)

Figure 2. Metadata of agency authority for federalstatutes and regulations. Laws (circular nodes) liked to their authoritative
and/or implementing agencies (square nodes labeledith agency acronyms). The placement of agencies citength of lines are
randomly generated. This is the foundational map fom which the diagrams in Figure 5 were generatednlFigure 5, the law nodes
are re-sized by the frequency in which a selecteénm occurs in the law.

4. RESULTS

This section first presents initial results justify use of term and
phrase counts to reveal a law’s involvement inva@mgitopic. Then
we present results for the measurements of overldyich are
followed by graphic display of overlaps using thaavs, topic
frequencies, and associated agencies in netwogkaiie.

4.1 Topic frequencies

Initial results showed that federal United Statess that ranked
as most involved for each of the topics accuratelyesponded to
the descriptions of the recent U.S. Commission eead Policy
report [15]. For example, the U.S. law containifge tmost

references to the term ‘fishing’ (frequency = 72&as the

Magnuson-Stevens Fishery Conservation and Managefgn
(16 U.S.C. 1866 et seq.). The laws that rankedrskand third
by their raw count of the same term were the regula written

by NOAA to implement the Magnuson-Stevens Act (FERG00

et seq., 50 CFR 660 et seq.). Similarly, the aiitiditbre agencies
that ranked highest for each topic accurately spoaded to the
USCOP report descriptions. For instance, the Depart of

Commerce (DOC), which in many cases then delegatdsority

to the NOAA, had authority over most of the laws tlee topic of
fishing (see Table 3, Figure 5c).

The general observation regarding a law’s relathw®lvement
provided sufficient justification that simple teahalysis can be
used to represent law and agency jurisdictions.shAsh, the
following presents a summary of results for whaide ranked as
the highest degree of overlap and a sample of wgnaphic
display of these data can illustrate.

4.2 What topics are most fragmented from

overlapping jurisdictions?

This subsection presents a summary of federal legeilts of the
three individual variables (SO, RO, and AO) anchthiee results
of the Overlap Index (Ol). Results of the stateelsvof
jurisdiction are briefly summarized for the Overlalex. Table 4
provides excerpts of data used to calculate these tvariables
for the federal laws. For example, for the topicfishing,” there
were 31 statutory units. To obtain the Statute @pevariable, we
divided 31 by the total number of statutory uni&S)(for the
geopolitical jurisdiction of the federal United &ts level.



Table 4. Sample of data used to calculate overlafasiables for
federal geopolitical jurisdiction

Units # units that refer to topic
(federal units in

only) collection | Trans- Pollut* | Fishing | Ballast

y portation

S(tjg’ée)s 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 ‘transportatigi®%), ‘fisher*
(69%), and ‘pollut® (64%) ranked as having the linégt Statute
Overlap. The top three topics ranked by Regula@errlap were
‘discharge’ (48%), ‘shipping’ (43%), and ‘navigatio(43%) for
the federal laws. In terms of Agency Overlap, tlopids of
‘transportation’ (94%), ‘public health’ (88%), ‘dat* (83%),
and ‘discharge’ (83%) measured the highest. Toofollthe
examples of four topics of ‘transportation’, ‘pdHfy ‘fishing’,
and ‘ballast’, Figure 3 presents the variables nneak for each
for federal laws.

100%
— B Statute Overlap (SO)
|7 @Regulation Overlap (RO)
o 80% O Agency Overlap (AO)
<
_
2 B
w 60% -
>
o]
L
S 0% -
L
o
]
% 20% -
0% - t } } %
transportation pollut* fishing ballast
TOPIC

Figure 3. Three variables of overlap for sample ofour topics
in the U.S. federal level

Based on the Overlap Index from the three combiregthbles of
the number of statutes, regulations, and agenaesqpic, the
issue of ‘transportation’ measured as the highestlap for the
U.S. federal level and all three states examineédu(e 4). For
‘transportation,’ the U.S. had 43 statutes, 256@ilagpns and 17
agencies involved, which resulted in an Ol of 784llowing the
same computation, the Ols of the states of Wastingdregon
and California are 50%, 55% and 66% respectivelye Topic
‘agricultur* ranked second in the Overlap Index fbe states of
California and Oregon, while Ols that ranked sectordfederal
level and Washington were ‘pollut* (64%) and ‘disrge’ (49%)
respectively. Figure 4 presents Overlap Indexlier46 topics for
each of the four geopolitical jurisdictions investied.

80%

——Federal (US)
——\\ashington
-8-0regon

0f -
60% California

20% - ey "

Wmi}m

0% e B,

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

Figure 4. Overlap Index (Ol) for topics investigatel for each
geopolitical jurisdiction. Key to topics: 1. transportation, 2.
pollut*, 3. navigat*, 4. discharge, 5. fisher*, 6.port(s), 7.
public health, 8. fishing, 9. agricultur*, 10. shiping, 11.
mineral, 12. dredg*, 13. water quality, 14. contanma*, 15.
ecosystem, 16. mammal, 17. shellfish, 18. estuat9. bird, 20.
sediment, 21. pesticide, 22. bulkhead, 23. ballast24.
wastewater, 25. sewage, 26. climat*, 27. salmon,.28| spill,
29. aquaculture, 30. boating, 31. armor 32. spawn33.
herbicid*, 34. sea level, 35. crab, 36. mercury, 3hutrient, 38.
oyster, 39. cattle, 40. invasive spec*, 41. seaearit42. algal
bloom, 43. kelp, 44. nonindigenous spec*, 45. spad, 46.
geoduck.

Although the degree of overlap varied slightly $ome topics, the
results among jurisdictions were highly correlatétie topic of

‘discharge’ ranked within the five highest overlagpissues for
each jurisdiction. Similarly, for all four jurisdions investigated,
the topics of ‘fishing’ and ‘fisher* ranked withithe top ten. For
California, Washington, and the U.S., the Overlagek of

‘pollut® measured within the top five of each jadiction.

4.3 What laws functionally overlap, involving

what agencies?

Numerical values of term frequencies revealed tlasvsl
overlapping for each topic. However, these longhthy lists of

laws in tabular form are difficult and unpleasamsynthesize. As
such, visual display of these data in network diegy exposed
multiple dimensions of the data, allowing for a méiorough and
attractive interpretation. Diagrams were producesingi the

metadata table of agency authority to laws (sedeTap Labeled

nodes represent federal government agencies amd hvere

drawn from agencies to laws, which are represehtedircular

nodes (pink = regulations, red = statutes). Thasernodes were
then sized by the frequency of topic containedhe law (see
Table 3). A sample of four topics for the fedemldl is presented
in Figure 5 to demonstrate the utility of the griaghdisplay.



a. Ol(‘transportation’, Federal) = 72%
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Figure 5. Overlapping United States federal laws ahagencies for sample of four topics. Relative fregency of term or phrase in
each law (document node size varies with frequencyRefer to Figure 2 for legend.

In the network diagrams, relational patterns andltipie
dimensions were revealed that cannot be easilyumaghtfrom
tables or bar charts. For instance, the diagrafiected that the
topic of ‘transportation’ appeared to be more campin its
management relative to the topics of ‘pollut®, sfing’, and
‘ballast’ (Figure 5). Large nodes point to lawsttbhantain a high
frequency of references to the topic (represented tword or
phrase). Similarly the laws with no reference te topic are
eliminated, but the lines remain. There were sdvémavs
containing high frequency of the term ‘transpodati On the

other hand, there were relatively few laws thaered the term
‘ballast’ with high frequency. The complexity ofdmtopic was
revealed through the associated agencies thatirdeedlto the
laws. For example, the largest nodes in the ‘trartation’
diagram (Figure 5a) were connected to the Envirorate
Protection Agency (EPA) and the Department of inte(DOI).
In addition, medium size nodes were connected veraé more
agencies. In contrast, the majority of laws coritgjnhigh
frequency of the term ‘pollut* are under the auihoof the EPA,
conveying a relatively low complexity in terms afesncy overlap



for this topic (Figure 5b). The agency primarilyvatved in
‘fishing’ appeared to be the Department of ComméFigure 5c)
because the statute and regulations containing Highest
frequency of the topic were linked to the DOC. Ailtigh there
were relatively few document nodes for the topialldst’, the
largest of these nodes were primarily connectedhto DHS,
which is the parent department of the U.S. Coasir@®(Figure
5d). Although the relative complexity displayedthe diagrams
accurately matched the Overlap Index measurembat,visual
depiction of the raw data provided the results inmare
transparent manner, which can be used by policyensaland
other ocean-related stakeholders.

5. DISCUSSION

The discussion section includes a brief interpimtatof key
results, our plan of evaluation of usability anadwacy for the
overlaps metric, and related work.

5.1 Interpretation of results

Results demonstrate the utility of text mining, rewe its simplest
form, for untangling overlapping jurisdictions in cean
management. Although government agencies reporttheir
policies, functions, and duties, etc., generatidnaobaseline
understanding of ocean management requires an tivijec
overview. Of the 46 topics investigated, the onat ttanked as
having the highest Overlap Index was ‘transportatfor each of
the four geopolitical jurisdictions. This result sveonsistent with
the findings of the recent U.S. Commission on OcPaticy.
After a multi-year examination of ocean manageméyt
government-appointed experts, the Commission fouhdt
management of the Shipping and Transportation seg#s so
fragmented that it needs to be restructured: “&taguregulatory,
and policy differences among federal agencies wites in
marine transportation lead to fragmentation, coitipat and in
some cases, an inability to work collaboratively da conflicting
mandates” [15].

The quantitative aspects of a baseline assessmahlecobjective
comparison across sectors. Combining the Overlagexin
measurement with the graphical display of the agegrovided a
comprehensive picture of the data. In comparingahesults, we
were able to see discrepancies between the gelhedaiulated

Overlap Index, which does not take into consideratierm

frequency or the relative involvement of multipleyeacies

illustrated in the network diagrams.

The simple but comprehensive tool has enormousnpiatefor
example, to assist ecosystem-based managemerdtives in
defining priorities from data collection to stakdder
communication.  Present applications identified \her
jurisdictional relationships and functions dictatee need for
management coordination. Even from the prototype aealysis
with transparent methods, the lucid identificatminthe multiple
agencies involved in management of various topiosviges
policy-makers with a roadmap for locating where tlezn
whom) coordination should exist.

5.2 Evaluation
Initial testing of the accuracy of results has bethrough a series
of interviews with approximately 25 experts in atemd coastal

management. These experts
representatives, academic scientists (both socidl ecological
disciplines), and non-governmental organizationsndlicted in
2007, these meetings were used to steer the lineqoiry to

produce useful and accurate information about ocegamagement
overlap. Based on the last set of interviews, ssitiges for

improvement will be woven into the analysis in fietuwork,

including a more thorough survey to evaluate aayutd results.
This future study could survey the degree to wreelsh agency
finds itself involved in the given topics. Thesen@y results
would be compared to the text analysis resultsterchine degree
and patterns of error that text analysis reveals.

From the input of experts, it is also apparent thdtire work
needs to include input of synonyms for topics itigesed.
Inclusion of multiple terms or phrases to represestngle topic
could improve the accuracy of results. This improgat could
also be intertwined with the verification of resslirvey to test
how much inclusion of synonyms (and what rulesreeded for
synonyms) can increase the accuracy of results.

Once the algorithm is fine tuned to meet the neddoastal and
ocean management stakeholders, automation of thiape tool
will require additional surveys to establish us#pilfor the
potential users.

5.3 Future and related work

The term-document matrix data yielded by this témpha affords
excellent opportunities to use information retriestatistics and
other advanced text analysis methods, such asédb®rvspace
model and other content analyses [7, 12]. Howegeen raw
frequencies provide information that pre-empts tieed to read
hundreds of documents to ascertain an extremedjleiét relative
assessment of statutory and regulatory overlamduiition, text
analysis can be employed with any set of laws olicpo
documents on any subjecAs already seen with work on
construction and water quality law [8], the appiica of text
analysis can help untangle management in diffedorhains.
Recognizing the growing problem of increasing legisn
requiring review, a small group of computer scigisti and
engineers has been developing algorithms usingrrreton
retrieval statistics and methodologies for naviggtihrough legal
documents [13].

Future research also will further develop the tépha to

prioritize what agencies need to coordinate aroangl given

topic. With more topics, graphic display through twark

diagrams of these data could provide a valuablehteg tool for

marine policy courses. In addition, text analysibeing applied
to the collection of ocean related legal documéntsvestigate
gaps in management in the context of a given cdnedp

modeled ecosystem. Combining the overlaps analygis gaps

analysis may prove to be the most useful for manma@agement
initiatives because it could be used to locate vagEncies and
through what laws gaps in management could belfille

6. CONCLUSION

Text analysis of the laws has the potential to jlewa thorough
synopsis of which agencies and laws manage vatapis issues
in the ocean. The approach to measuring overlapwgtrates
how an interdisciplinary integration of methods gmetspective

included government yagenc



can be used to illuminate the black box of oceanagament. It
is our expectation that by providing a systematid aepeatable
technique, policy-makers and other stakeholder$ bél better
equipped to make new laws consistent with existings. Rather
than passing new legislation or writing new regolss that
unintentionally conflict with existing ones, if ressary, policy-
makers will be able to address the inconsistenayein law. With
improved knowledge of management,
implement and adapt future regulation of the maeneironment,
in particular for emerging uses, in a more integptatand
consistent manner. Furthermore, this tool can le&l us define
high priority areas for alleviating uncoordinatedcean
management overlaps.

Though contributing through the lens of ocean manamt, this
prototype text analysis technique can be appliedrty set of
problems of legal and government agency overlaph Wiore and
more regulations created and increased competfboragency
authority, overlapping jurisdictions and the need improved
cooperation will continue to increase. By supplypaicy-makers
with cross jurisdictional information about overap this
information can assist them to begin untangling afieviating
not only overlapping jurisdictions, but also thebsequent
inefficiencies and ineffectiveness in existing ngeraent.
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