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Abstract

One of the many objectives of the United Nations Convention on the Law of the Sea is to subdivide ocean space into zones under the jurisdiction of a Coastal State or of the International Seabed Authority. Although most of this subdivision is straightforward, delineating the Juridical Continental Shelf requires complying with the complex formula prescribed in Article 76 of the Convention. This paper examines the possible contribution that altimetric bathymetry can make to resolving one elements of the formula, namely the 2500 m isobath.  Publications on altimetric bathymetry suggest that the technique should not work well in Continental Slope and Rise areas, where the 2500 m isobath most commonly lies, yet a comparison with two other world-scale bathymetric data shows that the 2500 m isobath from altimetric maps is within the zone of uncertainty of both. Comparison of all three with multibeam contours for the same area shows that the altimetric bathymetry is as close to the multibeam contour as are the other two. This suggests that altimetric bathymetry is sufficiently accurate to warrant consideration for use in UNCLOS Article 76 Continental Shelf delineation.

Its earliest use is likely to be in “desk –top studies” to determine the probable area to be included within a juridical Continental Shelf and in developing a plan for building the case to substantiate it. For this phase, altimetry can provide a good quality, long wavelength 2500 m isobath, help guide the interpolation between the sparse acoustic sounding tracks which are the prevalent data form over the continental slope, and assist in identifying erroneous sounding lines. Coastal States seeking to maximize the area of their Continental Shelves may subsequently wish to proceed to more detailed investigations, probably involving multibeam surveys. The comparison described here shows that multibeam contours will occasionally protrude seawards of the single beam and altimetric contours, and use of these protrusions by a Coastal State can maximize the area claimed. Altimetry can help focus the zone to be surveyed by multibeam through inference of morphologic trends between acoustic control lines.  

Such use of altimetric data is consistent with the view expressed by the Commission on the Limits of the Continental Shelf that altimetric data will be considered admissible as supporting information in a submission
It is also likely that altimetry can contribute to the problem of determining the location of the Foot of the Slope.

1. The United Nations Convention on the Law of the Sea

One of the most important issues concerning the future of all ocean activities is the impact of the Third United Nations Conference on the Law of the Sea (UNCLOS lll).  The outcome of a series of meetings that lasted from 1973 to 1982, the resulting United Nations Convention on the Law of the Sea (UNCLOS) (United Nations 1983) was the subject of what were probably the most prolonged and intense multinational negotiations in history. The Convention, even before it was ratified, completely changed the character of the entire marine sector, and rests as the foundation on which all subsequent international and national marine legislation has been built.(Miles 1999).
Prior to UNCLOS lll, ocean space was divided into two zones: Coastal States’ sovereignty was absolute to a jurisdictional boundary a short distance offshore; outside the boundary, freedom of the High Seas was held to be absolute by some states, but was being challenged by others through isolated actions like the declaration of Fishing Zones.  UNCLOS III brought major changes, codifying the further subdivision of ocean space into several zones.  Sovereign rights of Coastal States are extended to specified distances offshore, with powers being phased down through several successive zones, with a much greater portion of the seafloor now falling within national jurisdiction. One of these zones is the juridical Continental Shelf.

2. The Juridical Continental Shelf 

Article 76 of UNCLOS, which combines “geography, geology, geomorphology, and jurisprudence” (Johnston 1988) in a manner that “can be confusing even to experts in the individual fields” (Symonds, Eldholm, Mascle and Moore 2000) provide a multi-tiered formula for the determination of the outer limit of the legal or juridical Continental Shelf (the inner edge is the 200 nm  limit to the Exclusive Economic Zone). In brief, the outer limit of a state's Continental Shelf can be made up of a combination of either: (i) a line connecting the outermost points where "the thickness of sedimentary rocks is at least one per cent of the shortest distance from such point to the foot of the continental slope", or (ii) a line connecting points "not more than 60 nautical miles from the foot of the continental slope". The outer limit is constrained to lie inside the most seaward of a line 350 nautical miles from a state's baselines along the shore or a line 100 nautical miles from the 2,500 metre isobath. Exceptionally, over submarine “ridges”, a controversial and imperfectly defined term,  only the 350 nautical mile constraint applies.  

Jurisdiction over the Continental Shelf is not automatically granted: Coastal States must actively delineate a shelf and submit its outer limits together with supporting data to the Commission on the Limits of the Continental Shelf (CLCS). This body is free to return the claim with recommendations that it be modified, as it appears to have done with the only claim submitted to date, that of Russia.(United Nations 2001). The CLCS has issued Guidelines (United Nations 1999) specifying the types, quantities and accuracies of data it will consider when examining a claim. The current version of the Guidelines accepts altimetricaly derived depths as valid supporting information.

There are two mappable seafloor elements which are components of Article 76, and whose determination and location depend on water depth information: the 2500m isobath and the Foot of the Slope. As is demonstrated below, altimetry can contribute to determining the 2500m isobath. Its possible contribution to the Foot of the Slope problem is under investigation.

3. Mapping Continental Slopes
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Figure 1 Map of the world (excluding Polar Regions) showing the 2500m contour. Extracted from GEBCO Digital Atlas (IOC, IHO and BODC 1997)
Clearly influenced by the models of what are now called passive margins that were available to the legal drafters in the 1970s, paragraph 4(b) defines the Foot of the Slope as a feature between the Slope and the Rise  

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.

No depths are given, but in physiographic terms, the Foot of the Slope marks the transition from Continental Slope to Continental Rise, which tends to lie in depths of 2-5 k m (check reference). 

Unfortunately, this zone is not well mapped since, to some extent, continental slopes have fallen between two major areas of geological and geophysical concentration. (Sharman this volume) Investigations of physical Continental Shelves have been relatively numerous, motivated by a number of forces, while in the deeper ocean most earth science attention has focussed on the oceanic ridges. Considerably fewer investigations concentrated on continental slopes , and much of the existing data over them was collected not as the result of systematic surveys but of transit tracks. Corrections for varying sound speed in the water column may not have been easy, since sound speed is complicated due to oceanographic conditions over many Continental Slope areas. Areas that have been surveyed by Multibeam are small, and coverage is only increasing at a slow rate.
A number of data bases contain assemblages of this data from which maps have been created by various organizations at different scales. (Holcombe and Moore 2000). Regardless of their published scales, these contoured maps can only capture seafloor features with a wavelength of twice the spacing between sounding tracks, which varies worldwide, in some areas exceeding 60 nm. These maps could be improved through the collection of additional acoustic data, but the acquisition of such data is constrained by vessel speed and availability. For example, the GoMAP project predicted that it would take approximately 200  ship years to survey the world ocean (excluding the Arctic) from the 500 m contour out to deeper water and over 600 ship years to map waters 25-500 m deep (Carron, Vogt and Jung 2001).

A search for a practical and realizable alternative to additional acoustic measurements leads to altimetry, with its consistent and closely-spaced line coverage. The following section reports on tests of altimetry as a provider of the 2500 m isobath, one of the required elements of Article 76.

4. 2500 m isobath

4.1 Definition 

Article 76 defines the 2500 isobath as “a line connecting the depth of 2,500 metres”, but does not specify the surface that depth is measured from. Worldwide, 2500 m isobaths fringe continents and islands, and lie on the flanks of mid-ocean ridges. (Figure 1) Not all 2500 m isobaths will have relevance to Article 76. Those lying closer to shore than 250 nm will probably not be the basis of the Outer Constraint. Those that do not surround a landmass will be a factor only where they surround an isolated elevation that may be claimed as natural component of a Continental Shelf. Isobaths on the flanks of ridges may be rendered inapplicable by the exception provided in paragraph 6.


… 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.

This paragraph is controversial and remains to be tested. 

Those 2500 m isobaths that will be used for Article 76 purposes primarily lie on the Continental Slope of passive margins. Some may define “submarine elevations that are natural components of the continental margin”, physiographic highs that lie seaward of the main continental slope. Figure 2. The inclusion of such highs can significantly effect the area of a Continental Shelf and the ability of any mapping system to detect such features may be important to it being used.
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Figure 2 –Area off Atlantic Canada. Depth contours at 500m intervals, blue is 2500 m. FC =  Flemish Cap. OK = Orphan Knoll, a seafloor elevation of the type that Coastal States will attempt to demonstrate form part of their Continental Shelf.

4.2 Resolution of the Outer Constraint 
The convention does not demand that the Outer Limit be delineated everywhere, only by straight lines not exceeding 60 nautical miles in length, connecting fixed points, defined by co-ordinates. Any line defined by points 60M apart is not very sinuous, and can be portrayed at a small scale, although Coastal States seeking to maximize their area will use spacing of less than 60 where it is to their benefit (generally where the limit is convex with respect to the coast). Where it is based on the 2500 m isobath, the Outer Limit will be created by swinging arcs 100 M long from points on the isobath. Clearly, not all of the isobath will determine the Outer Limit: it would be possible to construct it from points 60M apart, and even further apart in areas where the margin is convex with respect to the land.
4.3 Required standards

The CLCS Guidelines state that for the 2500 m isobath, the Coastal State must provide an uncertainty assessment based on International Hydrographic Organization Standard S44 (International Hydrographic Organization 1998). S44 first addresses errors in the measurement of depth through a formula that basically combines the fixed (constant) and variable (i.e. varies with depth) errors as Root Sum of Squares. It specifies, a priori, constant values for the fixed and variable errors that would be acceptable. Applying them at 2500 m depth yields an allowable error in measuring depths of ±57.5m. Errors in isobaths produced from the depth measurements are dealt with in S44 as the “Bathymetric Model”. Errors are calculated using the same formula as used to determine depth measurement errors, with larger values of the fixed and variable errors. From the S44 tabled values, the allowable error in deriving a 2500m isobath from the bathymetry model is ±125m. (Monahan and Wells 2002) 

4.4 Horizontal Uncertainty Due to Bottom Gradient

The translation of permissible errors in (vertical) depth measurement into horizontal uncertainty of the location of the 2500m contour is (Horizontal uncertainty of contour = ± uncertainty in depth measurement / cosine of bottom gradient) (Monahan and Wells 1999). Bottom gradients around the 2500m contour are generally very low. (Pratson and Haxby 1996) measured Continental Slope gradients when they compared both regional and local slopes as measured by Multibeam Echosounder (MBES) over five portions of the US Continental Slope. The steepest area they examined was off New Jersey where they measured a maximum regional slope of 2.5 degrees and a local slope of 7.6 degrees. (Monahan and Poll 2002) measured gradient at 2500 m depth at 920 locations world-wide and found that half the world’s 2500 m contour lies on sea floor with gradients less than 2.09 degrees. World-wide, the first quartile value was 1.1 degrees and the third equaled 3.83 degrees, while the gradient at 2500 m off New Jersey was 1.4 degrees.

 The impact of these slope values is demonstrated in Table 1.

Table 1.  Uncertainty in the location of the 2500m contour, based on expected seabed slopes and the error values in S44.
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5 A test to determine if altimetry meets the standard 

To test the applicability of predicted bathymetry to locating the 2500 m isobath, the following test was performed. (Monahan and Mayer 1999). Off New Jersey, USA, the 2500m contour produced by data from ETOPO-5 data set, the GEBCO-97 Digital Atlas CD (IOC, IHO and BODC, 1997) and a high-resolution bathymetric data set which included both multibeam and single beam sounder data from NGDC’s new Coastal Relief Model CD’s and the Predicted Topography data set of (Smith and Sandwell 1997) were compared. Since the multibeam is newest, should be better positioned, internally consistent, suffer little from beamwidth problems, and have no gaps in its coverage of the sea floor, it was considered to be the datum and the horizontal distance between it and the other data sets were measured along a section of the continental slope.
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Figure 3 Magnitude of horizontal differences between 2500m contours produced from ETOPO5, NOAA Predicted (Satellite) Bathymetry, GEBCO and a multibeam survey from NGDC Coastal Relief Model. The multibeam is taken as the datum and assigned the value of zero.

Plotting the four 2500m contours together shows that the three ocean-scale data sets interweave each other and form a corridor or confidence zone approximately 10 km wide. Naturally, these contours contain only long wavelengths. The much shorter wavelengths captured by the multibeam contour weave amongst the other three, and appear to be centred on the zone created by the older three. Assuming the multibeam-derived contour to be true, the horizontal distances from it to the each of the other contours were measured at intervals of 1 km along a 70-km stretch. (Figure 3) The magnitude of these differences is never more than 10 km, and is usually less than 5 km. From a histogram of these differences, (Figure 4) it appears that the predicted bathymetry has a systematic horizontal bias of 2-3 km. GEBCO and ETOPO5 do not appear to have a bias, with GEBCO being more closely located to the multibeam contour. Maximum differences between the predicted contour and the MBES contour are less than those between the ETOPO5 contour and the MBES.

Figure 4 Histogram of horizontal differences between 2500m contours produced from ETOPO5, NOAA Predicted (Satellite) Bathymetry, GEBCO and a multibeam survey from NGDC Coastal Relief Model. The multibeam data is considered as true and the  displacement of the other three measured seawards (+) or landward (-). Black vertical lines indicate the permissible horizontal uncertainty under S44 over seafloor sloping 1.4 degrees.
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VERICAL 1st  3rd

ACCURACY Quartile Median Quartile

Gradient Gradient Gradient

1.1 deg 2.09 deg 3.83 deg

SP 44 Table I

Depth 57.51 2995 1576 859

SP 44 Table 3

Contour 125.10 6515 3428 1869


5. Scale and resolution required

The comparison described above matches three data sets capable of capturing long wavelength features with one data set that operates at a much finer scale. One question that arises is thus deciding which scale is necessary and appropriate for Article 76 purposes, since with increasing scale, smaller and smaller physical features manifest themselves as convolutions in the contour. The framers of Article 76 may have given some guidance since they specify in Paragraph 7 

“The coastal State shall delineate the outer limits of its continental shelf …by straight lines not exceeding 60 nautical miles in length, connecting fixed points, defined by co-ordinates of latitude and longitude.” Show figyre

Any line defined by points 60M apart is not very sinuous, and can be portrayed at a small scale, although Coastal States seeking to maximize their area will use spacing of less than 60 where it is to their benefit (generally where the limit is convex with respect to the coast). Where it is based on the 2500 m isobath, the Outer Limit will be created by swinging arcs 100 M long from points on the isobath. Clearly, not all of the isobath will determine the Outer Limit: it would be possible to construct it from points 60M apart, and even further apart in areas where the margin is convex with respect to the land.

From the analysis presented above, it would seem that predicted bathymetry can  delineate the 2500 m isobath as defied by Article 76 to the accuracy specified by the Guidelines. This finding is perhaps a little surprising yet probably indicates that the seafloor at 2500 m depths, or at least its gravity signal, is included in the relatively uniform oceanic crust province. Should similar results from planned tests with other data sets support this finding, it then remains to define the role that predicted bathymetry can have in preparing a claim to a juridical Continental Shelf.

6. Possible roles for altimetry in Article 76 Continental Shelf delineations

Existing altimetric bathymetry can clearly be used when conducting a “desk –top study” (Lamont 1999) of the type used to in the early stages of determining whether a Coastal State has a juridical Continental Shelf that is worth claiming, and for developing a plan of action on the likely area to be included and what data may be needed to substantiate it. Data used at the early planning stages are not necessarily included with that submitted to the CLCS, but the findings from that stage will determine the role of altimetry. Some Coastal States may find that they have sufficient data holdings to allow production of a claim that they can be satisfied with. Others may find that the geometry of their margins is straightforward and an acceptable case can be built without recourse to a great deal of supporting data. More likely, most Coastal States will find that they have a paucity of data and complications in the physiography of their margins that will require detailed interpretation of all existing data and the planning for and collection of a comprehensive and cohesive data set.

During the interpretation of existing data stage, altimetry can be used as a quality control device to assess the accuracy of the ship sounding data identifying those that can be used and those that need to be rejected. Once the ship sounding data have been filtered, altimetry can be used to infer morphologic trends between them. This will be particularly useful where the predicted data identifies features between existing sounding lines that have not been detected or whose most seaward extent is unclear.  An analysis of this type can do more than reveal areas where further data collection must be undertaken: since altimetry can identify morphological trends, it can help plan the orientation of the new sounding lines. This will be particularly important for locating, if it exists, the Foot of the Slope.

Delineating a juridical Continental Shelf under Article 76 of UNCLOS is complicated and contains many judgmental elements. Altimetry can contribute to determining the 2500 m isobath. Its role in locating the Foot of the Slope or use of evidence to the contrary to locate the continent/ocean interface, and the contribution it can make in elaborating the nature of ridges remains to be explored.
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