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 Combine the series of arcs and traces parallels to form a solid line while 

clipping all other line segments that: 

- fall within the envelope  

- are internal to all intersections 

- fall landward of the final boundary line. 

 Automate the selection and combination of either the seaward or landward 

(as determined by the specified process) line segments to form a single solid 

line. 

 Create and display 3-dimensional profiles. 

 

6.3. Database Design 

ArcCatalog was utilized to organize a database to store and retrieve both the foundation 

data and the many files created throughout the analyses processes.  A new folder, 

UNCLOS, was created to store the foundation data; the data necessary to begin the 

analyses as listed in the requirements (section 4.1).  Within the UNCLOS folder was an 

additional folder where the results from the analyses were stored.  While conducting 

analysis or working with the data in ArcMap, the environment settings must be set for 

both the working directory, mapped to UNCLOS, and the scratch directory, mapped to 

the results folder within UNCLOS. 

6.4. User Interface Design 

The user may interact with the data, tools, and models, either through ArcCatalog or 

ArcMap.  Data will be stored, managed, and retrieved by means of a database.  Data 

inputs consist of digital vector feature classes, raster grid files, and tables (e.g. DBF).  

Data will be loaded into the database by the user in a manner specified by the user, 

including: 

 Keyboard (e.g. typed in values) 
 Pointer/mouse (e.g. copy/paste, drag and drop within ArcCatalog) 
 Scanning analog data sources (e.g. maps, nautical charts) 
 Digitize scanned analog or digital data sources (e.g. Electronic Nautical Charts 

(ENC)) 

It is the user’s responsibility to make sure that the data imported to or created in the 

database have a common spatial reference system.  The user shall also set the 

environment settings in ArcGIS to recognize the appropriate reference system and 

workspace locations.  Data will then be input into the system through utilization of the 

workflow model data parameters.  When a model is run, it will automate the necessary 

data creation, naming mechanisms, output, and storage of raster or vector feature classes 

into the specified output location within the database.  Most output data created during 

this process is used later in the model as inputs for additional analyses.  To ensure that the 

model runs accurately and without problems, it is critical that the output locations and 

naming conventions specified in the models are not altered. 
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Following the creation of the database, the user will interact with the system primarily in 

ArcMap through implementation of the Article 76 workflow models and utilization of the 

tools in the LOS - Article 76 toolbox, as instructed in the User Guide (see Appendix D).  

Each model is an automated process conducting a series of functions that may output 

several interim data files, and requires only minimal input of the necessary parameters by 

the user.  For example, the user should indicate the correct database location using either 

a pointer/mouse to navigate and select, or by typing in the destination and using a 

keyboard for navigation and the prompting of processes.  Additional user input can be 

significant at times, requiring editing skills and the use of individual tools and visual 

analyses as instructed in the User Guide. 

 

The final output of the system – the concluding result from implementing the Article 76 

workflow models – includes both a digital vector line and a points feature class 

representing the Outer Limits of the Continental Shelf (OLCS), along with the associated 

tables, which are stored in the database.  The OLCS feature classes, both the geography 

of the features and the tabular data (attribute tables), can be visualized in ArcCatalog (see 

Figure 6.2) or ArcMap (see Figure 6.3).   

 

 
Figure 6.2: ArcCatalog Interface. 
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Figure 6.3: ArcMap Interface. 

 

 

The results of the analyses can also be exported to other table or database formats (e.g. 

Excel or Access), and static images of the geometry can be exported to various image 

formats (e.g. jpg).  Additional evaluation and testing of the outputs, which is outside of 

the parameters of this system, must be completed by the user prior to submitting a claim 

to the United Nations. 
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7. Discussion 

7.1. Results 

 

The case study provided the necessary feasibility analysis to adequately assess the 

strengths and weaknesses of ArcGIS software in conducting the Article 76 analyses from 

an analyst and general user’s perspective.  The analysis was possible, though with some 

inefficient yet necessary work arounds at some points in the process.  The final result of 

the analyses produced a delineation of the OLCS as a series of fixed points with recorded 

geographic coordinates as necessary.  Thus, this project demonstrates that coastal nations 

can successfully use GIS to determine whether they are eligible to submit claims for 

extended continental shelf.  The ultimate question determining this conclusion is: does 

the OLCS extend seaward from the EEZ?  At the conclusion of this case study the answer 

was yes (see Figure 7.1).   

 

 
Figure 7.1: Location of OLCS in relation to the EEZ. 

 

Following the case study the analyses methods were finalized and models were generated 

for the sequences of processes that could be automated, though user input is necessary at 

several critical points; sometimes significant edits, analysis, and decisions are required to 

be made manually by a knowledgeable analyst.  The tools utilized throughout this 

process, and a series of six models, have been compiled and saved in an ArcGIS toolbox 

named LOS - Article 76.  A mock submission was then conducted to test the models, 

tools, and analytic methods determined throughout the case study.  A user guide was also 

developed to offer instructions for how one would follow this process, utilizing the tools 

and models provided, as well as guidance on the additional steps requiring significant 

analyst input (see Appendix D).   
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7.2. Conclusion 

The initial goal of this project was to develop an automated application that would 

generate the outer limits of the continental shelf based on minimum data input 

requirements.  Throughout the requirements analyses and research processes two 

important things were discovered.  First, it would not be possible to develop a completely 

automated application.  Computers do not have the analytic ability to make certain 

decisions and data editing tasks throughout the process that require, in some cases 

significant, analyst input.  Second, even if the process could be completely automated, 

most scientists and analysts, those whom the potential application and this proof of 

concept were developed, would not like it to be overly automated as they would have 

difficulty establishing trust in the system (UKHO, n.d.).  The results of this process are 

very important to any nation determining them, as well as internationally.  It is imperative 

that the analyst be very meticulous and detailed in their analysis, data collection, and 

understanding of both the processes and results.  It is easier for an analyst to trust the 

quality, accuracy, and integrity of the data and results if they have firsthand knowledge of 

the processes through which the data are being generated and manipulated.  The analyst 

needs to not only understand, but trust the algorithms being processed and calculations 

being made.  It is also necessary for the analyst to manage the settings and projections, as 

well as understand the data conversions and transformations taking place so they can all 

be explained and accounted for in the necessary documentation in support of their final 

claim. 

 

A goal in the development of this proof of concept has been to maintain the proper 

balance, which is not necessarily easy to pin-point, between ease of use and a more 

complex yet trusted interface.  The scientific community may prefer a more detailed 

layout of the processes to aid in their development of trust in both the calculations and 

solutions derived from the system.  However, less experienced GIS users may be more 

comfortable with a simpler interface, requiring minimal interaction with the GIS directly 

and more-automated processes producing easily-understood graphic results.  These 

preferences and needs were taken into consideration during the engineering of the series 

of models and the specialized LOS - Article 76 toolbox created for ArcGIS.  Though the 

Article 76 proof of concept process for ArcGIS does require user input in several 

locations, this provides the user with opportunities to become familiar with and gain 

confidence in the processes as they work with the system, providing critical input and 

analytic decisions as necessary.  Furthermore, the models are constructed in a way that 

can hide the complex functions that will run in the background from a potentially 

overwhelmed analyst, requiring only the input parameters be specified.  On the other 

hand, the model processes, calculations, algorithms, and additional parameters can easily 

be studied and edited by a more confident GIS user with the simple click of a button.  

Either way, the user input requires more specialized knowledge of the regulations of the 

Convention and the Guidelines than GIS-specific experience.  The user guide provides 

ample explanation of the user-directed GIS tasks necessary for a novice user to be able to 

master them. 

 

During the preliminary requirements analysis it also became evident that ESRI’s software 

may not be fully capable of conducting all the required processes and functions in order 
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to establish admissible claims.  Therefore, it became necessary to either program and 

develop customized tools or extensions, or accept that it would not be possible to develop 

a complete workflow model strictly utilizing ArcGIS’s current functionality.  Given the 

time limitations imposed on this project, the goal shifted slightly, taking these challenges 

into account and was geared more towards the development of a proof of concept than 

the originally anticipated application.  This revision required additional documentation 

reporting on the extent to which ArcGIS is currently capable of performing the necessary 

analyses without further customization.   

 

The final result of this study was a semi-automated proof of concept, consisting of 

several workflow models and an Article 76 toolbox.  The toolbox contains the tools an 

analyst would need in order to follow the same process that proved successful in the case 

study and mock submission. The case study was successful in that the processes were 

completed to the best of the abilities of the ArcGIS software at the time of this study.  

Additionally, the case study revealed several necessary upgrades that will need to be 

addressed prior to obtaining the ability to completely analyze and support the delineation 

of the OLCS for an admissible claim for extended continental shelf.  This proof of 

concept was developed with the expectations that once fully implemented, it will help 

fulfill user requests regarding continental shelf claims and analyses, possibly increase the 

customer market for ESRI, and generate potential opportunities for ESRI to offer 

additional services.   

7.3. Recommendations 

Recommendations on areas needing improvement or requiring development of the 

ArcGIS software focus on three functional areas: (1) the ability to appropriately develop 

the envelope of arcs and traces parallels, (2) potentially automate the line generation 

based on these outputs, and (3) improve the capabilities of working with 3-dimensional 

data.  ESRI currently has in development an Arcs of Circles tool designed to produce the 

envelope of arcs using the correct geodesic measurements.  The Arcs of Circles tool also 

provides the option for producing the traces parallels.  Because the tool currently can 

only be utilized with polygons as input; it cannot process the calculations properly for a 

series of points as mandated by the Convention.  This oversight was discovered during 

testing of the tool in the early stages of the case study analyses.  ESRI is working to 

finalize the development of this tool in order to work with points and be utilized for the 

envelope of arcs processes necessary for accurately delineating the OLCS.  Once this tool 

is developed and successfully tested with accurate results, it should be incorporated into 

the LOS - Article 76 models.  The buffer tool was used as a less accurate substitute for 

the Arcs of Circles tool throughout the case study.  Therefore, wherever the buffer tool 

was used in the models should be replaced by the Arcs of Circles.  Once the substitution 

is made, additional testing will be required to ensure that it does not interrupt the flow of 

the models and to determine if additional accommodations will need to be made as a 

result of the update.   

 

The second suggested improvement would be the development of an automated line 

generation process for combining two or more overlapping lines (sometimes crossing 

multiple times) based on a specified rule.  Ideally the analyst would specify whether it 
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was necessary to use the closest or furthest segments relative to the baseline, which 

would then be selected and fused at the points of intersection to create a single line that 

met the specified rule.  Such a function would be very useful in combining the 

preliminary constraints into one constraint line, combining the formula lines into one 

formula line, as well as combining the constraint and formula lines in a more efficient 

and streamlined process. 

 

The one area where ArcGIS is least equipped to provide a complete Law of the Sea 

solution is in the realm of 3-dimensional data display and analysis.  Competing 

applications, including CARIS LOTS, provide the ability to do advanced analyses and 

displaying of 3-dimensional data, which are extremely beneficial for both bathymetric 

and geological (sediment thickness) analyses.  The best form of analysis available for the 

proof of concept uses raster images of 3-dimensional data, yet relies on external 

calculations utilizing the cell values and converting the grid to vector point features.  Cell 

size and accuracy of the original grid partially determines how accurate the final results 

are, though it is unclear how much accuracy and precision may be lost in the data 

conversion processes.  Additionally, 2-dimensional profile graphs were relied upon as 

supporting evidence for the location of the foot of the continental slope, instead of the 

more highly regarded 3-dimensional profiles.  More advanced developments for 3-

dimensional data in ArcGIS would significantly improve the abilities of the Article 76 

analyses processes and results, as well as the level of confidence in the application among 

the user community. 

 

These significant developments will be necessary in order to finalize the processes into a 

complete and more efficient workflow that produces accurate results and supporting data. 

 

7.4. Future Work 

Though this project focused solely on the requirements of Article 76, the Law of the Sea 

covers several related issues, establishing additional regulations requiring complex 

analyses.  Significant future work could be done to help support Article 76 and provide a 

complete Law of the Sea solution.  For an analyst utilizing the Article 76 Workflow for 

ArcGIS, the creation of a semi-automated process for delineating baselines and baseline 

points would provide valuable assistance.  The baseline is the foundation for much of 

Article 76, and the Law of the Sea in general, analyses and calculations.  Therefore, 

despite how “rigorous the GIS application and however much you trust its processes, the 

quality of a solution will only ever be as good the data put in” (UKHO, n.d.).  Apparently 

there are applications available that claim to provide “a quick solution to the task of 

building the baseline model” (UKHO, n.d.).  However, UKHO warns that “they are 

totally inadequate a basis for calculating accurate limits” (UKHO, n.d.).  Therefore, a 

trusted system to help nations develop accurate and supportable baseline models is much 

needed and would significantly help in providing the foundation data necessary for 

Article 76 analyses and solutions. 

 

Additional research that would provide added benefit to the Article 76 analysis results 

would be a process for locating the boundary limitations between nations with adjacent 
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9. Data Sources 

 

United States Geological Survey, Coastal and Marine Geology Program. fl_baseline 

[Shapefile – GIS data file].   Available from: http://pubs.usgs.gov 

 

United States Geological Survey, Coastal and Marine Geology Program.  Medium 

Resolution Digital Vector U.S. Shoreline [Shapefile – GIS data file].  Available 

from: http://coastalmap.marine.usgs.gov 

 

National Geophysical Data Center, National Oceanic and Atmospheric Administration. 

ETOPO2 [Imagery – GIS data file].   Available from: http://www.ngdc.noaa.gov. 

 

National Geophysical Data Center, National Oceanic and Atmospheric Administration. 

Sedthick2 [Coverage – GIS data file].   Available from: 

http://www.ngdc.noaa.gov. 
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Appendix A – United Nations Convention on the Law of the Sea, Part 

VI, Article 76, Definition of the continental shelf 

 
 

PART VI 

CONTINENTAL SHELF 

Article76 

Definition of the continental shelf 

1. The continental shelf of a coastal State comprises the seabed and subsoil of the 

submarine areas that extend beyond its territorial sea throughout the natural prolongation 

of its land territory to the outer edge of the continental margin, or to a distance of 

200 nautical miles from the baselines from which the breadth of the territorial sea is 

measured where the outer edge of the continental margin does not extend up to that 

distance. 

2. The continental shelf of a coastal State shall not extend beyond the limits provided for 

in paragraphs 4 to 6. 

3. The continental margin comprises the submerged prolongation of the land mass of the 

coastal State, and consists of the seabed and subsoil of the shelf, the slope and the rise. It 

does not include the deep ocean floor with its oceanic ridges or the subsoil thereof. 

4. (a) For the purposes of this Convention, the coastal State shall establish the outer edge 

of the continental margin wherever the margin extends beyond 200 nautical miles from 

the baselines from which the breadth of the territorial sea is measured, by either: 

(i) a line delineated in accordance with paragraph 7 by reference to 

the outermost fixed points at each of which the thickness of 

sedimentary rocks is at least 1 per cent of the shortest distance 

from such point to the foot of the continental slope; or 

(ii) a line delineated in accordance with paragraph 7 by reference 

to fixed points not more than 60 nautical miles from the foot of the 

continental slope. 

(b) In the absence of evidence to the contrary, the foot of the continental 

slope shall be determined as the point of maximum change in the gradient 

at its base. 
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5. The fixed points comprising the line of the outer limits of the continental shelf on the 

seabed, drawn in accordance with paragraph 4 (a)(i) and (ii), either shall not exceed 

350 nautical miles from the baselines from which the breadth of the territorial sea is 

measured or shall not exceed 100 nautical miles from the 2,500 metre isobath, which is a 

line connecting the depth of 2,500 metres. 

6. Notwithstanding the provisions of paragraph 5, on submarine ridges, the outer limit of 

the continental shelf shall not exceed 350 nautical miles from the baselines from which 

the breadth of the territorial sea is measured. This paragraph does not apply to submarine 

elevations that are natural components of the continental margin, such as its plateaux, 

rises, caps, banks and spurs. 

7. The coastal State shall delineate the outer limits of its continental shelf, where that 

shelf extends beyond 200 nautical miles from the baselines from which the breadth of the 

territorial sea is measured, by straight lines not exceeding 60 nautical miles in length, 

connecting fixed points, defined by coordinates of latitude and longitude. 

8. Information on the limits of the continental shelf beyond 200 nautical miles from the 

baselines from which the breadth of the territorial sea is measured shall be submitted by 

the coastal State to the Commission on the Limits of the Continental Shelf set up under 

Annex II on the basis of equitable geographical representation. The Commission shall 

make recommendations to coastal States on matters related to the establishment of the 

outer limits of their continental shelf. The limits of the shelf established by a coastal State 

on the basis of these recommendations shall be final and binding. 

9. The coastal State shall deposit with the Secretary-General of the United Nations charts 

and relevant information, including geodetic data, permanently describing the outer limits 

of its continental shelf. The Secretary-General shall give due publicity thereto. 

10. The provisions of this article are without prejudice to the question of delimitation of 

the continental shelf between States with opposite or adjacent coasts.
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Appendix B – Use Case 

 

Use Case Name Article 76 Workflow 

Description Outline the process necessary for coastal nations to delineate the 

extended continental shelf boundary for their nation 

 

Actors Analysts (from national governments and the United Nations 

Committee on the Limits of the Continental Shelf) 

 

Triggers Article 76 of the United Nations Convention on the Law of the 

Sea 

 

Major Inputs 1) Bathymetry contours (vector) 

2) Bathymetry grid (raster) 

3) Baselines (vector) 

4) Seabed geology (sedimentary thickness, raster or vector) 

5) Exclusive Economic Zone (EEZ, vector) 

6) Recognized international and maritime boundaries (vector) 

Major Outputs 1) Vector and raster files 

a. Final constraint line 

b. formula line results 

c. Final boundary for the extended continental shelf; 

outer limits of the continental shelf (OLCS) 

2) Results tables (Excel spreadsheet or database format) 

Process Steps 1) Set environment settings for the geographic extent and 

workspace (location of database stored on the 

computer/network/server). 

2) Insert specified data into Article 76 workflow model (from 

database/specified workspace). 

3) Run workflow models 

a. Use Envelope of Arcs process to calculate a line 

feature 350 nautical miles from the baseline (350M 

limit). 

b. Locate the 2500 meter isobath from the bathymetry 

data. 

c. Use Envelope of Arcs process and the bathymetry 

contour data to calculate a line feature 100 nautical 

miles from the 2500 meter isobath (2500 meter 

isobaths plus 100 nautical mile constraint). 

d. Combine the two constraint lines, maintaining only 

the most seaward segments from the baseline 

forming a single continuous constraint line. 
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e. Determine the Foot of the Continental Slope (output), 

as the maximum change in gradient using the 

bathymetry grid as the analysis (input) layer. 

f. Use the Envelope of Arcs process and the Foot of the 

Continental Slope (input) to calculate a line feature 

60 nautical miles seaward (away from the baseline) 

from the Foot of the Continental Slope (output FOCS 

plus 60 nautical miles formula line). 

g. Using Euclidean distance meaurments calculate the 

distance to the FOCS for each cell in the bathymetry 

grid for the extent of the area of interest (output Dist_ 

FOCS raster). 

h. Calculate the distance-to-thickness ratio to determine 

the percentage of the thickness of the sediment 

compared to the distance to the Foot of the 

Continental Slope for each cell (percent sediment). 

i. Select the cells with values equal to one percent or 

greater. 

j. Use the selected cells to determine the extent of the 

area where sediment thickness equals at least one 

percent of the distance to the FOCS. 

k. Compare the FOCS plus 60 nautical miles and one 

percent sediment boundaries.  If they intersect, then 

output a line feature that consists of the most seaward 

continuous line segments, if they do not cross, then 

the outermost line will be the only output (formula 

line). 

4) Generate boundary file for the extended continental shelf 

a. Combine the most landward segments of the final 

constraint and formula lines to delineate the OLCS. 

Preconditions 1) Necessary data is available and has been collected. 

2) The reference system for each shapefile and/or feature class 

has been correctly defined and projected if necessary. 

3) The data is of sufficient quality and meets the accuracy 

standards of Article 76. 

Post-Conditions Extended continental shelf boundary feature class has been 

created in the database and the user has the information required 

to determine the eligibility of the study nation to submit a claim to 

the CLCS for extended continental shelf. 

 

Assumptions 1) Baselines have already been generated and undergone QAQC.  

2) The data utilized meets the quality and accuracy standards of 

UNCLOS and the CLCS. 
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Appendix C – Article 76 Workflow 
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Appendix D – ArcGIS Article 76 Workflow User Guide 

 

Instructions for delineating the OLCS in ArcGIS  

 

Data: 

Create a geodatabase to store the foundation data, including; 

 baseline 

 coastline 

 bathymetry contours/isobaths (if already created) (named: bathy_contours) 

 bathymetry grid (named bathymetry) 

 sediment thickness raster (or a points matrix) (named sediment) 

* If bathymetry contours are not available, use the Isobath model or run the contours tool 

using the bathymetry grid as the input, to generate contours at 500 meter intervals.  Keep 

in mind the potential difference in projections between the grid, and therefore of the 

output, and the projection that the contours need to be in (same as the vector data). 

 

* For the purpose of utilizing the models most efficiently, it is suggested to create a 

reasonably sized rectangular feature class called extent encompassing the potential study 

area.  Include the entire shoreline yet limit the area to the extent that could potentially be 

included in the ECS. 

 

 

Data preparation: 

Data should be clipped to a reasonable extent encompassing the study area. 

Data should have a spatial reference correctly defined and projected if necessary.  

Equidistant projections are suggested for the vector foundation data, with the direction of 

accurate distance preservation perpendicular to the general trend of the baseline, for 

accurate distance calculations.  However, the bathymetry and sediment thickness grids 

are an exception.  In order to run the curvature analysis in locating the foot of the 

continental slope, both the horizontal and vertical units must be the same.  Bathymetry is 

typically measured in meters; therefore, the bathymetry grid needs to be in a projection 

that utilizes meters as the linear unit.  Additionally, since the sediment thickness data 

analysis is based on the bathymetry and results of the bathymetric analysis, the sediment 

data should have the same spatial reference as the bathymetry grid.  All final outputs can 

be reprojected to a standard reference system. 

 

* Suggestion: when projecting the raster data, use a name that conveys the projection or 

linear units (e.g. bathy_meters and sed_meters) 

 

Delineating the Constraint boundaries: 

 Open a new ArcMap document. 
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 Open ArcToolbox and add the Article 76 toolbox.  This toolbox contains the 

models to follow for the general analysis processes as well as the tools necessary 

to run the models and additional essential tasks. 

 

 Set the Environment Settings. Under General Settings specify the current 

workspace (location where the foundation data is stored) and the scratch 

workspace as the location designated for output files during analysis. 

 

 Add data: baseline, coastline, and any additional background or reference data 

that may be useful. 

 

 Open the Feature Vertices to Points tool. 

 

o Fill in the tool’s dialog box using the baseline as the input feature and call 

the output baseline_vertices (it should save to your designated scratch 

workspace). 

o Make sure to specify Point Type as ALL. 

 
 

 Save a copy of the output, baseline_vertices, as baseline_pts to your scratch 

workspace. 

 

 Add baseline_pts to the map display. 

 

 Start an editing session.  From the Editor toolbar dropdown select Start Editing 

and specify baseline_pts as the target layer. 

 

 

*** This section requires significant analyst input! 
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o Determine which points are most advantageous, those points furthest from 

the baseline, to use for generating the envelope of arcs.  Delete all 

unnecessary points, maintaining only those that were selected as the most 

advantageous, while ensuring there are no gaps between points 60 nautical 

miles or greater. 

 

o Save edits and stop editing. 

 

 Add data: bathy_contours 

 

 Select and export the 2500m isobath as a new file called 2500m_isobath. 

 

o Either use Select by Attributes and then export the 2500m Isobath as a 

new shapefile/feature class, or run the 2500m Isobath model with 

bathy_contours as the input data. 

 

 Open the Feature Vertices to Points tool. 

 

o Fill in the tool’s dialog box using 2500m_isobath as the input feature and 

call the output 2500m_isobath_vertices (it should save to your designated 

scratch workspace). 

o Make sure to specify Point Type as ALL. 

 

 Save a copy of the output, 2500m_isobath_vertices, as 2500m_isobath_pts to your 

scratch workspace. 

 

 Add 2500m_isobath_pts to the map display. 

 

 Start an editing session.  From the Editor toolbar dropdown select Start Editing 

and specify 2500m_isobath_pts as the target layer. 

 

*** This section requires significant analyst input! 

 

o Determine which points are most advantageous, those points furthest from 

the baseline, to use for generating the envelope of arcs.  Delete all 

unnecessary points, maintaining only those that were selected as the most 

advantageous, while ensuring there are no gaps between points 60 nautical 

miles or greater. 

 

o Save edits and stop editing. 

 

 Open the Article 76 Constraints model 
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o  
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o The tool parameters should be set correctly.  However, the model can be 

edited if necessary, so make sure the data paths are correct. 

o Run the model. 

o The final Constraint line should be added to the map display. 

 

Delineating the Foot of the Continental Slope (FOCS): 

 Insert a new data frame or open a new map document.  This is necessary if the 

projection of the bathymetry and sediment data differ from the projection 

assigned to the vector data in the previous analysis. 

*  If bathymetry isn’t already in an adequate projection, one that utilizes meters (or 

   the same units as the depth values) as the linear (or horizontal) units, use the project  

   raster tool to select an appropriate projection and save as a new raster. 

 

*   The baseline, and potentially coastline, data are helpful for providing perspective  

    during analysis of the FOCS.  Therefore, it would be useful to project the baseline,  

    and additional features that may be helpful, to the same projection as the raster  

    data and save as new files to utilize during the following analysis.  However,   

    ArcGIS will project them on the fly if not correctly projected. 

 Add data: bathy_meters, baseline, and coastline 

 

 Open the Article 76 FOCS – Curvature model 
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o The only parameter is the bathymetry grid, which should be clipped to the 

study area and correctly projected (named bathy_meters). 

 

 

o Run the model 

o All three curvature outputs should be displayed: curvature, profile_curv, 

and plan_curv. 

 

 Analyze each curvature surface output individually by selecting one layer at a 

time. 

 

*** This section requires significant analyst input! 
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o It is useful to create a hillshade of the bathymetry grid to overlay the 

curvature surfaces on for further visual analysis. 

 

 The hillshade tool is located in the Article 76 toolbox. 

 

 From the 3D Analyst toolbar select the bathymetry grid as the target Layer, then 

select the Interpolate Line tool    

 

       Create Profile Graph tool 

o Draw a line perpendicular to the general trend of the contours (intersecting 

the baseline and the 2500m Isobath at approximately 90 degrees) seaward 

from the baseline to the edge of the study area. 

o With the line highlighted, select the Create Profile Graph tool to display a 

graph of the bathymetric profile along the line selected. 

 

 The profile graphs can be studied and utilized to help determine 

the base of the continental slope, and, more specifically, the point 

of maximum change in gradient (i.e. the foot of the continental 

slope). 

 Points along the graph can be selected and their x,y locations can 

be identified, as well as their location on the map.  

 

o It is recommended to create and analyze a profile graph for at least every 

baseline point (created earlier). 

o Create and analyze profile graphs for each curvature surface, in addition to 

visually analyzing and overlaying the curvature surfaces on the hillshade 

and bathymetry, to help detect which output best represents the change in 

gradient across the surface of the continental shelf. 

o Classifying the output data using varying methods highlights the 

differences in the curvature surfaces and help determine the base of the 

continental slope.  Jenks Natural Breaks and Quantile are the most highly 

recommended classification methods.  

 

 The extreme values represent areas where the surface is highly 

convex at one end and highly concave at the other end of value 

spectrum (which values represents which characteristic varies 

between the outputs).  Areas where the very high and very low 

values follow a similar trend and are close in proximity likely 

represent the region of the base of the continental slope, if the 

highly concave values are most seaward. 
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 Areas where the surface exhibits a highly convex nature is 

representative of a drop-off or change in aspect from a relatively 

flat or upward trend to a sharp downward slope.  Conversely, areas 

where the surface exhibits a highly concave nature is 

representative of change in slope from a downward trend to a 

relatively flat or upward slope. 

*  Instructions for interpreting the data can be found in the ArcGIS 

9.2 Desktop Help documentation on the topic of Curvature (ESRI, 

Curvature, 2008).  The values produced for each of the three 

curvature outputs are interpreted differently, thus this document 

should be referenced to determine the proper interpretation of the 

curvature output one decides to use for further analysis. Table C.1   

can also be referenced: 

 

Table C.1: Curvature Values 

 Concave Values Convex Values 

Curvature Negative Positive 

Profile Curvature Positive Negative 

Plan Curvature Negative Positive 
 

 It will be necessary to test various classification methods and 

number of classes to determine which values best represent the 

points of maximum change in gradient at the base of the 

continental slope; thereby indicating the location of the foot of the 

continental slope.  

Example: if the curvature values are classified into ten classes 

using the quantile method (each class has the equal number of 

features), than each class will represent ten-percent of the values.  

The classes at either extreme will represent the top and bottom ten 

percent.  In some cases this may be a useful way to classify the 

curvature values. 

 Determine which curvature surface most accurately represents the foot of the 

continental slope. 

 

o Determine the range of values that best indicates the points of maximum 

change in gradient along the FOCS, without selecting a range that is too 

large. 

 

 Take note of the value range for use in the Extract by Attributes 

command. 
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 Use the Extract by Attributes command to export cells from the curvature raster 

based on a selection of values determined above.  Either: 

 

o Use the Extract by Attributes tool located in the Article 76 toolbox, which 

requires an SQL expression. 

 

 SQL where clause syntax:  (ESRI, Extract by Attributes, 2008) 

 

“value” >= 0.0210364 

Or 

 

o Use the command line window in ArcMap, select command line from the 

Window dropdown on the main menu. 

 

 Command Line Syntax: (ESRI, Extract by Attributes, 2008) 
 
ExtractByAttributes_sa  

In-raster  

Where_clause 

Out_raster 
 

Example: 

 
ExtractByAttributes_sa  

C:\UNCLOS\results_temp\profile_curv  

"value >= 0.0210364”  

C:\UNCLOS\results_temp\curv_extract 
 

 Use the Raster to Point tool in the Article 76 toolbox to convert the extracted 

raster cells to points.  One point will be created at the center of each cell and will 

maintain the value of that cell. 

 

*** This section requires analyst input! 

 

 The point file will likely include locations that contained values within the 

specified range, although are outside the region containing the base of the 

continental slope.  Therefore, it is best to manually analyze the points 

overlaid on the original bathymetry grid and, separately, on the curvature 

surface, to help identify the points at the base of the continental slope and 

which points would likely need to be removed.   

 

o The profile graphs may once again be helpful as well in identifying 

the actual location of the FOCS and determining which points to 

use for generating the line.   

 

 Make a copy of the curvature points file named FOCS_pts. 
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 Add data: FOCS_pts 

 

 Start an editing session and specify FOCS_pts as the target layer. 

 

o Delete all unnecessary points, maintaining only those that are 

located at the base of the continental slope, are most advantageous, 

and no greater than 60 nautical miles apart.   

 

 Save edits and stop editing. 

 

 Use the Convert locations to Paths (points to lines) tool to generate a line 

connecting the points from the FOCS_pts layer.  

 

o Once the line is generated, manually review and analyze the line in 

comparison to the curvature surface and original points selected 

along the projected FOCS.   

 

o Some editing may be necessary where the line did not follow the 

correct sequence between points. 

 

o Note that additional values may need to be incorporated from the 

raster (repeat the Extract by Attributes and Raster to Point 

processes) to fill in potential gaps.  The maximum change in 

gradient values as selected for the entire area may generally pertain 

to the FOCS line; however, the values throughout some sections of 

the line might not be so extreme and therefore the selected values 

may not be relevant throughout the entire FOCS. 

 

o If the initial line generated missed some essential curves, was 

lacking vertices at important locations, or stopped short of the 

extent, further analysis of these areas may be necessary to identify 

the maximum change in gradient values and their locations for 

these less extreme portions of the FOCS.  In this case, return to the 

classifications, select an appropriate class that captures the missed 

points, and repeat the Extract by Attributes and Raster to Point 

processes. 

 

o Add the new points as vertices and recalculate the line to 

incorporate a more accurate representation for the final delineation 

of the FOCS. 

 

 Make a copy of the FOCS_pts, saved as FOCS_AOC_pts.  If there are more than 

one points feature class make sure to combine them into one file for the following 

analysis. 
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Delineating the FOCS plus 60 nautical mile formula 

 Insert a new Data Frame in ArcMap. 

 

 Add data: FOCS_AOC_pts. 

 

 Start an editing session and specify FOCS_AOC_pts as the target layer. 

 

o Delete all unnecessary points, maintaining only those that are 

located at the base of the continental slope, are most advantageous, 

and no greater than 60 nautical miles apart.   

 

 Save edits and stop editing. 

 

 Open the Article 76 FOCS plus 60M model. 

 

 

o Make sure the FOCS_AOC_pts are set as the input parameter. 

o Run the model. 

o The bounding line representing the FOCS plus 60 nautical mile 

formula line should be displayed. 

 

 Start an editing session and specify FOCSplus_60_line as the target layer. 

 

 Delete all line segments other than the most seaward boundary line 

segment running parallel the general trend of the FOCS. 

 

 Save edits and stop editing. 

 

Delineating the FOCS plus 1% sediment thickness formula 

 

 Add data: sediment 

 

* If the sediment raster is not already in a projection that uses meters as the linear 

units, then use the Project Raster tool to select an appropriate projection (should be 

the same as the projection used to project the bathymetry raster) and save as a new 

raster named sed_meters.  The new projection should be the same as the projection 

used to project the bathymetry raster. 

 

 Add new Data Frame. 

 

 Add data: sed_meters, FOCS 
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 Open the Article 76 Sediment model: 

 

 
 

 

 Fill in the parameters, which not only include selecting the correct input 

features, but also require the user to specify the extent and cell size for the 

Euclidean Distance calculation of the FOCS feature. 

 

o The first input should be the sed_meters raster 

o The second input should be the FOCS line feature 

o Extent should be selected as Same as Layer sed_meters 

o Cell size should be selected as Same as Layer sed_meters 

 

 Run the model. 
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 The bounding line and a polygon representing the area where the sediment 

thickness at each point is greater than one-percent of the distance from that 

point to the FOCS should be displayed. 

 

Delineating the combined formula line 

 

 Open the Article 76 Formula Lines model. 

 

 

 
 Check the input parameters.  Also, specify the projection that the final data 

needs to be in (same as original vector files).  

 

 Run the model. 

 

 The model generates a combined boundary for the most seaward segments 

of the formula lines.  It also reprojects the data to the same reference 

system as the constraint data for the final analysis of the OLCS. 

 

Delineating the OLCS 

 

 Insert a new Data Frame. 

 

 Add data: constraint_area, OLCS_Formula_prj 

 Open the Article 76 - OLCS model 
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 Input the two data sets as the input parameters. 

 

 Run the model. 

 

 The bounding line of the OLCS should be displayed, of which the most 

seaward segment approximately parallel to the general trend of the 

baseline represents the outer limits of the continental shelf. 

 

 Save a copy of the final output, OLCS_line, called OLCS. 

 

 Add data: OLCS 

 

 Start an editing session 

 

o Delete all line segments other than the most seaward boundary line 

segment running parallel to the general trend of the baseline. 

 

 Save edits and stop editing. 

 

 Use the Feature Vertices to Points tool to generate a series of points that 

define the OLCS. 

 

 The Convention only requires points at a minimum of 60 nautical miles 

apart.  Therefore, points can be selected to be removed or added along the 

line if necessary (where gaps may exceed 60 nautical miles).  These 

changes can be made in an editing session. 

 

 To add the coordinate data to the attribute table for each point, open the 

Add XY Coordinates tool and select OLCS points layer. 

 

 Run the tool. 

 

 Open the attribute table for the OLCS points to view the coordinate data.  

Two new fields be added; Point_X and Point_Y, which hold the longitude 

and latitude values for each point. 
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 The resulting points file provides the necessary “points, defined by 

coordinates of latitude and longitude,” as required for a submission. 

 

 

The United Nations Convention on the Law of the Sea provides additional guidance on 

how to determine the boundaries between adjacent nations.  However, this is not part of 

Article 76.  Additional analysis will be necessary to determine the boundaries from the 

coastline of the nation to the ends of the OLCS boundary defined above.  Such analysis 

will also determine the exact length and area for which the OLCS extends for each 

nation. 


