CHAPTER 3 – CHARTS
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3.1 INTRODUCTION

UNCLOS prescribes that the normal baseline for measuring the breadth of the territorial sea is the low-water line along the coast as marked on large-scale charts officially recognized by the coastal State. The straight baselines, baselines closing the mouth of the rivers or bays and the limits derived therefrom, and the lines of delimitation between two states etc. are to be shown on charts of a scale or scales adequate for ascertaining their position. The coastal State shall give due publicity to such charts and shall deposit a copy of each such chart with the Secretary-General of the United Nations. This applies also to the archipelagic baselines, and the outer limits and boundary delimitation of exclusive economic zones and continental shelves. (Articles 16, 47, 75, 84).
3.2 NAUTICAL CHARTS

Nautical charts are special purpose maps specifically designed to meet the requirements of marine navigation, showing amongst other things depths, nature of the seabed, elevations, configuration and characteristics of the coast, dangers, and aids to navigation. Nautical charts provide a graphical representation of relevant information to mariners for executing safe navigation. 

Nautical charts are based on hydrographic surveys. The characteristics of hydrographic surveys are time consuming and done area by area, even on the same chart. Normally, hydrographic surveys are not carried out to cover the whole area of a nautical chart simultaneously but conducted area by area over a number of years. Hydrographic data for some areas may be dated and may not meet modern standards. In consequence, it should be noted that information shown on a chart can be different from the reality.

Nautical charts are available in analogue form as paper charts, or digitally as electronic charts. The requirements for the carriage of nautical charts are laid down in the International Convention for the Safety of Life at Sea (SOLAS) 1974 Chapter V. The relevant regulations are:
- Regulation 2, which defines the nautical chart as follows:

Nautical chart or nautical publication is a special-purpose map or book, or a specially compiled database from which such a map or book is derived, that is issued officially by or on the authority of a Government, authorized Hydrographic Office or other relevant government institution and is designed to meet the requirements of marine navigation.
- Regulation 19, which specifies the equipment (including charts) to be carried on different types of ships as follows:
· 2.1 All ships irrespective of size shall have:  

· 2.1.4
nautical charts and nautical publications to plan and display the ship’s route for the intended voyage and to plot and monitor positions throughout the voyage. An electronic chart display and information system (ECDIS) is also accepted as meeting the chart carriage requirements of this subparagraph.  
- Regulation 27, which specifies the requirement to keep charts and publications up to date as follows:
Nautical charts and nautical publications, such as sailing directions, lists of lights, notices to mariners, tide tables and all other nautical publications necessary for the intended voyage, shall be adequate and up to date.

The three regulations referred to above show that the carriage requirement for charts can be fulfilled by: 
- Carriage of official and up to date paper charts, or

- Carriage of a type-approved ECDIS (Electronic Chart Display and Information System, in accordance with the requirements of the IMO ECDIS Performance Standards) supplemented by an appropriate back up arrangement, and up to date Electronic Navigational Charts (ENC). 
Nautical charts which does not meet the definition prescribed in the SOLAS convention do not meet its carriage requirement.  Such charts are by definition not official and are often referred to as private charts. As for electronic charts, ECDIS with non-ENC database or ENCs displayed on non-ECDIS platform do not satisfy the carriage requirement.

The IHO adopts international standards for nautical charts published by IHO’s member states to bring about the greatest possible uniformity in them, and within which the SOLAS Convention provisions are to be taken into account wherever possible.

The chart is a useful tool to use in order to study or display the inner and outer limits of national jurisdiction, or the boundary between national jurisdictions of one or more States. The chart should be recognized by the coastal States concerned and it should represent, in sufficient detail, the configuration of the coast and the morphology of the coastal zone including the sea floor.

In almost all countries at present, the nautical chart is the only type of chart (or map) that comes close to meeting the needs of legal bodies and cartographers responsible for carrying out the task of boundary delimitation. It must be borne in mind that the nautical chart was specifically designed for the safe passage of vessels and it is incidental that it may contain some of the basic elements which are necessary to satisfy the above mentioned purposes, e.g.:


a. The coastline, with a reasonable part of the hinterland;


b. The seaward area over which the delimitation is to be made.

It should be borne in mind that in order to represent the curved Earth surface on a plane it is necessary to use a projection. The use of a projection will introduce distortions, which must be accounted for in its use for any delimitation and/or delineation.
The following properties must be considered when using a chart:


a. Chart projection;


b. Chart scale;


c. Horizontal datum;


d. Vertical datum.

These factors have such an important influence on the practical definition of maritime boundaries that consideration of them is of fundamental importance, especially when a boundary-determining operation involves the use of charts with dissimilar characteristics and datums. The charts to be used should reflect the present situation as accurately as possible and they should be based on the most recent surveys. There are two different types of nautical charts: paper and electronic. Electronic charts are further divided into Raster Nautical Charts (RNC) and Electronic Navigational Charts (ENC).

3.2.1 Paper Charts

Paper charts have a long history. The paper chart is compiled in accordance with the IHO publication S-4: Regulations for International (INT) Charts and Chart Specifications. 
3.2.2 Electronic Charts

Electronic Charts comprise chart database and its display system.
3.2.2.1 Electronic Chart Database
Electronic chart database is of two general types: 

· 
-  Electronic Navigational Charts (ENC), and  

· 
-  Raster Navigational Charts (RNC).

· The inner construction of ENCs and RNCs is fundamentally different: 

· 
-  ENCs are vector charts, and  

· 
-  RNCs are raster charts.
A raster chart is a digital database of a scanned and passive image of a paper chart, whereas a vector chart is a digital database of numerical expression of all the objects (points, lines, areas, etc.) represented on a chart.

3.2.2.1.1 Raster Navigational Charts

RNCs are digitized optical copies of paper charts conforming to IHO publication S-61 – Product Specifications for Raster Navigational Chart (RNC). RNCs are issued by, or on the authority of a national Hydrographic Office. When displayed on an ECDIS screen RNCs appear as a facsimile of the paper chart however, they contain significant metadata to ensure that they have a certain minimum functionality; such as a geo-referencing mechanism that allows geographic positions to be applied to and extracted from the chart, automatic updating of the RNC from digital files (and the ability to show the state of correction) and the display of the RNC in day or night colours. An RNC is a digital copy of the current paper chart, or in some cases rasterized vector information which creates ENCs these days. As such the chart content cannot be analysed by a computer program to trigger alarms and warnings automatically as is the case with a vector chart; however, some alarm and warning functions can be achieved by manual user input to the ECDIS.
3.2.2.1.2 Electronic Nautical Charts
ENCs are vector charts comprising a database of individual geo-referenced objects extracted from a Hydrographic Office’s records including existing paper charts with the IHO ENC Product Specification that is part of the chart data transfer standard known as S-57. When used in an ECDIS, the ENCs content can be displayed as a seamless chart-like image on the ECDIS screen at user selected scales. Due to the limited size and resolution of electronic displays the chart image generated from ENCs may not fully replicate the traditional appearance of a paper chart. This apparent shortcoming is more than compensated by the special operational functions of ECDIS which continuously monitors the ENC data content (rather than the display) to provide warnings of impending dangers in relation to a vessel’s position and its movement.
3.2.3 Electronic Chart Display System

Electronic Chart database is not visible for human eyes.  It should be displayed on a screen to be recognized as navigational information.  There are two types of such display system which visualizes the chart database; ECS and ECDIS.
3.2.3.1 Electronic Chart Systems
All electronic charting systems, which are not tested and certified as meeting the IMO ECDIS Performance Standards, are generically designated as “Electronic Chart Systems” (ECS). An ECS may be able to use ENCs, RNCs or other chart database produced privately and could have functionality similar to ECDIS.
Some ECDIS and ECS equipment manufacturers produce private vector and raster database to be used in their products. These private charts are usually derived from Hydrographic Office paper charts or Hydrographic Office digital data but these derived charts have no official status. 

3.2.3.2 Electronic Chart Display and Information System
ECDIS equipment is specified in the IMO ECDIS Performance Standards (IMO Resolution MSC.232 (82) as follows:
Electronic Chart Display and Information System (ECDIS) means a navigation information system which, with adequate back up arrangements, can be accepted as complying with the up-to-date chart required by regulation V/19 & V/27 of the 1974 SOLAS Convention, as amended, by displaying selected information from a system electronic navigational chart (SENC) with positional information from navigation sensors to assist the mariner in route planning and route monitoring, and if required display additional navigation-related information. 

ECDIS is a ship borne navigational device and as such the rules governing its use come under the jurisdiction of the IMO through SOLAS Convention. The IMO has adopted performance standards for ECDIS (IMO Resolution MSC.232 (82) and subsequent amendments). ECDIS equipment must be certified as meeting these performance standards if it is to be used to meet the chart carriage requirements of SOLAS V/19. Certification of ECDIS equipment is achieved through type-testing and certification. 

Within an ECDIS, the ENC database contains chart information in the form of geographic objects represented by point, line and area shapes, carrying individual attributes. Appropriate mechanisms are built into the ECDIS to query the data, and then to use the information to perform various navigational and monitoring functions (such as, anti-grounding surveillance) and to generate a chart-like display. 

The presentation of ENC data on a screen display is specified in IHO standard S-52 “Specification for Chart Content and Display Aspects of ECDIS”. The style of presentation defined in S-52 is mandatory. 
Only a type-approved ECDIS operating with up to date ENCs and with appropriate back up arrangements may be used to replace paper chart navigation. Where ENCs are not available, the SOLAS regulations allow Flag States to authorize the use of RNCs (together with an appropriate folio of paper charts). In all other cases the vessel must carry all the paper charts necessary for its intended voyage. 
3.3 CHART MAINTENANCE
The maritime world, as portrayed in the nautical chart, is not static. For example: increasingly sophisticated surveying methods provide more accurate details of the bathymetry, which in some areas is constantly changing; shipping patterns and ships’ draughts change; ports are developed; aids to navigation are changed and moved; safety and environmental concerns result in new routeing measures and navigational restrictions; exploitation of natural resources is increasing; new navigational obstructions are discovered.
All this nautical information must be assessed and brought to the attention of the mariner as required, in order to support SOLAS and environmental protection. To achieve this goal, nautical information must be systematically and continually collected from many different sources, e.g. surveyors, maritime institutes, harbour masters, lighthouse authorities, so that charts can be maintained.
Some information is safety related and must be passed to the mariner urgently; other information, while navigationally significant, is less urgent; some is only useful for making up the overall picture of the maritime environment and is not urgent. The importance of keeping charts up-to-date cannot be over-emphasized. If charts are not kept up-to-date, their value is seriously diminished and they may become misleading, potentially contributing to maritime casualties.
3.3.1 New Chart
A New Chart (NC) is the first publication of a nation’s chart that may be additional to existing cover and will not usually supersede existing charts on a one for one/scale for scale basis.
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Figure 3. 1‑ Example of paper chart 
(courtesy of Service Hydrographique et Océanographique de la Marine (SHOM))
3.3.2 New Edition
A New Edition (NE) is a new publication of an existing chart, containing changes significant to navigation that will normally have been derived from more recent information. It will usually include changes additional to those previously promulgated in Notices to Mariners (NM). However, it should be noted that parts of the chart might remain unchanged. The previous edition must normally be cancelled and will no longer be maintained by NM; this should be made clear to all users in the announcement of the NE. Once cancelled, a previous edition must not be used, in accordance with SOLAS carriage-compliance.

3.3.3 Limited New Edition
A Limited New Edition (LNE) may be prepared if there is information which needs to be included on a chart quickly, but which cannot be promulgated by Notice to Mariners (NM) or NM Block, because of the geographical extent or complexity of the information, or where there are other reasons to produce a NE to short time scales.

3.3.4 Reprint
A reprint (also called Revised Reprint or Corrected Reprint) is a new print of the current edition of a chart incorporating no amendments of navigational significance other than those previously promulgated in Notices to Mariners (if any). It may, however, contain amendments from other sources provided they are not significant to navigation. Previous printings of the current edition of the chart always remain in force. 
Because previous printed copies always remain in force, great care is required when incorporating any new information to ensure that the new information would never need updating by Notice to Mariners. In such cases, a NM would then only apply to some copies of the chart, which could cause confusion to the user.

3.3.5 Notice to Mariners
Notice to Mariners (NM) are used for the prompt dissemination of information which is safety-related or which otherwise needs to be advised to the mariner urgently. They are regularly published (usually weekly, fortnightly or monthly) by most hydrographic offices, in paper booklets and/or on websites. Electronic chart updates may be promulgated on digital media, or by utilizing remote updating systems.

a. Chart-updating (permanent) textual NM.

b. NM block (also called a Chartlet or Patch).

c. Temporary (T) NM.

d. Preliminary (P) NM.

Temporary NM and Preliminary NM are not permanent.
3.4 RELIABILITY

Historical survey and cartographic data may be needed to help prove or disprove the existence of features that could justify different or particular interpretations of the articles of UNCLOS. Most charts are compiled from the results of hydrographic surveys that are very time consuming operations, even with modern equipment. Ocean surveys have only been undertaken by a limited number of maritime States. Consequently, large areas of the world's ocean floor have never been properly surveyed, and surprisingly significant areas of coastal waters have not been surveyed in the detail required for today's shipping or for UNCLOS boundary delimitation. The significance of this variable quality of charts in maritime boundary delimitation is that:

a.
Geographical positions may be based upon inaccurate, imperfect or inadequate observations;

b.
In areas where the low-water line is composed of soft materials like mud or sand, the details are most likely to have changed since the surveys were undertaken, particularly in areas of strong currents or tidal streams, or along coasts that are subject to major storms.

c.
If the chart has been based on the original printing plates it may not be clear from the symbols used at that time which contour line or lines represent the low-water line.

The publication date of a chart is not an indication of the age of the source material from which it is compiled. A chart with an early publication date may have had modern work added to it, whilst a recently published chart, in a modern format, may have been compiled from old surveys. An indication of the true situation may be found on the chart, for instance in the title block of an older chart. Recently produced charts may include "source data" diagrams, which provide details of the origin of the surveys, the spacing of the sounding lines, and the methods used in the surveys. These allow the user to evaluate the quality of the chart.
As for ENCs, Category of Zone of Confidence (CATZOC) information is provided as an attribute to the depth data to indicate the accuracy of data presented on charts to assist mariners to assess the safety of navigation. CATZOC values are assigned to geographical areas to indicate whether data meets a minimum set of criteria for position, depth accuracy and seafloor coverage. By understanding the accuracy limitations of the underlying data in greater detail, the mariner can manage the level of risk when navigating in a particular area.​ ECDIS displays these CATZOC values in ENCs using a triangular or lozenge shaped symbol pattern. 
3.4.1 Source Diagrams

In order to show the degree of confidence in the adequacy and accuracy of charted depths and their positions, a ‘Source Diagram’, which includes both the graphic showing the limits of the source data used, and the accompanying text is inserted in most nautical charts.

There are two main types of diagrams for summarising hydrographic sources:

• Conventional Source diagrams provide the areas and dates of source surveys from which the user can deduce the degree of confidence to place in charted depth data, see Figure 3.4
• Zone of Confidence (ZOC) diagrams are a type of source diagram providing a more qualitative assessment of the source information, see Figure 3.5. They replace the former Reliability diagrams, which are obsolescent.
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Figure 3. 2– Conventional Source Diagram
(From Chart Specifications of the IHO, S-4)
[image: image3.jpg]Zone of Confidence (ZOC) Diagram

a n5°aa’

-

MDSC

"

ar 15°48°

©
20C CATEGORIES
(For details see Australian Notice to Mariners No 25)
Z0C | POSTION | DEPTH SEAFLOOR
ACCURACY | ACCURACY COVERAGE
7 § ‘AT sgrifcant ssfco festres
a1 <5m ~050m + 1% .
pr A signfcant seafco festres
a2 2om | =100m 2% oifcantseef
Unchate featureshazardous o surface
8 tom | +100m 2% | gaion s ot expeced bt
< £500m | =200m + 5% | Depth ancmalies may be axpecied
Virsotan | Worse tan Largo dopi snomatos may be
2 20cc Z6eC expected.

Unassessed - The qualty of the bathymetrc data has et to be assessed

[

Maintained Depth See Chart





Figure 3. 3– Zone of Confidence Diagram 
(From Chart Specifications of the IHO, S-4)

3.5 PROJECTIONS

The surface of the Earth, being a non-planar two-dimensional surface, cannot be depicted on a two-dimensional mapping plane without distortions. These distortions may occur in the depiction of distance, angles or shapes. Map or chart projections have been developed to minimize or to eliminate as many of these distortions as possible over certain areas, and the projection used depends on the specific requirement for a chart or map. No projection can retain all the terrestrial relationships exactly and to retain one, another must be sacrificed. For most nautical charts the Mercator projection is used because it has the useful navigational feature that loxodromes or rhumb lines (see Section 3.9.3) are portrayed as straight lines, i.e. they intersect all meridians at the same angle. Unfortunately, distances and areas become greatly distorted in higher latitudes. Some projections are "conformal" in that angles are preserved and the shape of areas is retained, even if the scale must vary from one point to another.

The charts used for maritime boundary determination should preferably be on conformal projections, which provide the best available angle measurements, distances and directions (see Figure 3.6). In practice and taking into account the availability of existing charts as well as the characteristics of the area involved (location and extent), a suitable projection will be chosen. 
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Figure 3. 4 – The effects of the Mercator and Lambert Projections on the development of a hypothetical equidistant line delimitation.
3.6 UNITS

3.6.1 Distance

The standard unit of distance and length measurement stipulated in UNCLOS is the International nautical mile (M). This nautical mile, approved by IHO at the International Hydrographic Conference of 1929, has a value of 1852 metres and is equivalent to the length of a minute of arc of geographical latitude at about 44 degrees of latitude.

3.6.2 Area

The unit of area measurement is normally the square kilometre (km2), in preference to the square nautical mile (M2).

3.7 SCALE

The scale of a chart, termed its natural scale, is expressed either as a fraction of unity or as a ratio. The comparison is theoretically between the length of a line measured on the chart and the distance that line represents on the surface of the earth (or more accurately on the surface of the imaginary ellipsoid chosen to represent the surface of the earth). A scale of 1/500 000 or 1:500 000 indicates that a length of 1 cm on the chart represents a distance of 500 000 cms (or 5 000 metres) on the surface of the earth. Similarly a scale of 1/500 or 1:500 indicates that a length of l cm on the chart represents a distance of 500 cms (or 5 metres) on the earth's surface at the point(s) of projection. This relationship does not hold true for charts based on certain projections e.g. the Mercator projection.

Having chosen the most suitable projection, it is necessary to prepare or select a chart at the largest useful scale in relation to the area to be portrayed. The requirement in UNCLOS is for the boundary line presentation to be done on charts of a suitable scale. This requires that the scale chosen should be large enough to cover the area concerned and to ensure the greatest accuracy possible. In accordance with the provision of Article 16, the baselines and the lines of delimitation shall be shown on charts of adequate scales for ascertaining their position, or alternatively a list of geographical coordinates of points shall be given with the geodetic datum specified. The accuracy of depiction of various lines and features on a chart is a function of the scale. A criterion in the choice of the scale is that it must provide the resolution necessary for the user to determine baselines and lines of delimitation to the same level of accuracy as originally achieved by the coastal State.

The choice of scale has a direct bearing on the accuracy with which a position can be determined on a chart by the user. The range of suitable scales will normally be from 1:100,000 to 1:1,000,000 for delimitation of the EEZ and continental shelf, while the scale for territorial boundary determinations should be of the order of 1:50,000 to 1:100,000. The plotting errors (approximately 0.2 mm on paper, which is equivalent to the width of a drawn ink line) in the determination related to the various scales used are approximately as follows:


Scale
1:50,000 
» 10 m



1:200,000 
» 40 m

When delimitation problems require numeric or geodetic solutions, it is necessary to extract numeric information from existing nautical charts. This is achieved by digitising the low water line and any other relevant features. In essence, the digitization process consists of a transformation from local coordinates that have been produced by a digitising apparatus (x, y in cm or inches) to geodetic latitude and longitude.

This process offers several advantages: -

a.
If more recent and accurate positions have been geodetically derived, they can be used to correct the older information provided by the chart. This is achieved by using the new positions to determine the parameters of the coordinate transformation.

b.
The digitization process has to be performed only once, whereas graphic solutions impose repetitive tasks.

c.
The use of digital information allows for the utilization of very fast and accurate geodetic delimitation methods implemented in digital computers.

ENCs made from digital data (not from corresponding paper charts) permit a great increase in accuracy, with no plotting. Dedicated software is available that permits the use of ENCs for determining marine limits, thereby reducing the potential for error.

3.8 GRADUATION AND GRATICULE

3.8.1 Graduation

The graduation is the division and subdivision of latitude and longitude shown in the borders of a chart. All charts and most plans are graduated. A plan may be graduated on 2 sides only or it may be left ungraduated if it is of very small size or if the numbering of the graduation becomes impracticable, e.g. if successive half-minute-ticks do not occur within the limits. The pattern of graduation will vary with the scale of the chart.

3.8.2 Graticule

The graticule is the network of lines representing meridians and parallels on the chart.
3.9 STRAIGHT LINES AND DISTANCES

An important factor in the boundary delimitation between States is to clearly define the nature of the "straight lines" that are to be used to join adjacent turning points. The following “curves” have been used for "straight lines".

3.9.1 Geodesic

The Geodesic also called a geodetic line is a curve giving the shortest distance between two points on a given surface. In the context of this manual it is assumed that the geodesic is calculated on a specific reference ellipsoid. (Generally, a geodesic is neither the line of sight, nor the chord, nor a plane curve). It will normally appear as a curve on a map projection.

3.9.2 Great Circle

A Great Circle is a circle drawn on the surface of a sphere, where the centre of the circle is coincident with the centre of the sphere. The shortest distance between two points on the surface of a sphere is defined by the segment of the Great Circle that passes through those two points.

3.9.3 Loxodrome / Rhumb Line

A loxodrome or rhumb line is a true straight line on a Mercator chart. Projected back onto the reference ellipsoid, it will generally differ from the geodesic curve and will generally not be a plane curve (see Figures 3.5, 3.6, and 3.7). A loxodrome has a constant azimuth. The difference between a loxodrome and geodesic can be significant, depending upon the length and direction of the line and its latitude (see Figure 3.8).

3.9.4 Normal Section

On a reference ellipsoid, the normal section is the curve obtained by intersecting the ellipsoid with a normal plane, i.e. a plane that contains the normal to the ellipsoid at one of the end points. If the ellipsoid had no flattening, i.e. it were a sphere, then all normal sections would be great circles because all normal planes would pass through the centre of the sphere.

3.9.5 Chord (on a mapping plane)

The chord is a straight line connecting two points on the map surface. On the Mercator projection the chord coincides with the loxodrome. Chords are generally not plane curves on the ellipsoid.

3.9.6 Line of Constant Bearing

Sometimes abbreviated as the "bearing", this line can have different shapes according to the meaning of the term “bearing”. If geodetic bearing (azimuth) is specified then the line coincides with the loxodrome. Generally it is a curved line on the map, and not a plane curve on the reference ellipsoid.
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Figure 3. 5 - Loxodrome and geodesic on a Mercator chart
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Figure 3. 6 - Loxodrome and geodesic on a Transverse Mercator chart
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Figure 3. 7 - Loxodrome and geodesic on a gnomonic chart
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Figure 3. 8 - Comparison between a loxodrome and a geodesic connecting two points

3.9.7 Straight Lines on Charts

In baseline descriptions and in boundary definitions, the term "straight line" is frequently used, so it is necessary to appreciate that a "straight" line on one projection may not appear as a "straight" line on another.

On a Mercator projection the equator and all meridians appear as straight lines, and as they are also great circles, they must represent a straight line “shortest distance” on the earth's surface. But parallels of latitude are also shown as straight lines, and they are not great circles; in fact the equator and the meridians are the ONLY great circles shown as straight lines on a Mercator chart. All other great circles will plot as curved lines with their centres of curvature on the side away from the nearest pole (Figure 3.9).
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Figure 3. 9 - Part of the North Atlantic Ocean on the Mercator Projection, showing great
circle (curved) and rhumb-line (straight) paths between Halifax and Lerwick

At first sight this seems to be a contradiction, since it suggests that a curved line between two points is shorter than a straight line. But earlier it was explained how the scale of the projection increases towards the poles, so that a given measurement on the chart will represent greater terrestrial distances near the equator than near the poles.

In Figure 3.9 it can be seen that the great circle appears longer than the rhumb line. However if this had been plotted on a Gnomonic projection, the same curved line would appear as a straight line and the rhumb line would appear as the longer curved line.

3.10 BEARINGS

The bearing is the horizontal direction of one terrestrial point from another, expressed as the angular distance from a reference direction. It is usually measured from 0° as the reference direction clockwise through 360°. The terms Bearing and Azimuth are sometimes used interchangeably, but in navigation the former customarily applies to terrestrial objects, and the latter to the direction of a point on the celestial sphere from a point on the Earth. A bearing is designated as True, Magnetic, or Compass North (Hydrographic Dictionary, IHO Publication S-32)

3.11 WORKING ON THE CHART

3.11.1 Introduction

When working on boundary delimitations it will be necessary to read off geographical positions from appropriate charts or maps, or to plot geographical positions on them. It may also be necessary to construct boundaries on charts for illustrative purposes, or to assist in identifying the base points to be used in computing a boundary, or in certain cases to determine the definitive boundary. The construction of boundaries and selection of base points is considered in Chapters 4, 5 and 6.

A chart must be treated with care if it is not to give misleading results. Since charts are usually made of paper they are liable to shrink or stretch with changes of temperature and humidity. But provided they are treated with reasonable care, such changes should not significantly affect accuracy. Charted parallels and meridians are generally spaced sufficiently close together to limit the effects of distortion so long as measurements (of bearing, distance, latitude or longitude) are read off as close to the positions being measured as possible. Charts should be maintained in good condition. If possible, the folding of charts should be avoided. They should be stored and transported flat or rolled up. Damp conditions should also be avoided.

3.11.2 The Nautical Mile

As has been explained in Chapter 2, the regular mathematical figure that most closely approximates the true shape of the earth is the spheroid or ellipsoid and this is the figure used by geodesists, surveyors and cartographers. In this representation the equator is a true circle, but the meridians are slightly flattened at the poles (see Figure 3.10).

Figure 3. 10– Cross-section through an Ellipsoid, to illustrate polar flattening

The effect is greatly exaggerated in the diagram. In fact the flattening is not great, and the polar ‘diameter’ is about 0.997 of the equatorial ‘diameter’. It can be seen from the diagram, though, that the radius of curvature of a meridian (PAQ) is not constant, and that it is least at the equator Q and greatest at the pole P. Having moved away from the concept of the earth as a sphere, it is necessary to reconsider the basis of the angular measure of latitude: a minute of latitude is correctly defined as the length along a meridian that subtends an angle of one minute at the centre of the radius of curvature. Because of the flattening of the ellipsoid the radius of curvature varies with latitude, and so also must the length of a minute of latitude. It is least at the equator and greatest at the poles. The actual length varies from about 1843 metres to about 1862 metres.

For general navigational purposes these differences are not significant, but where accurate measurements are needed it is convenient to have recourse to a standard length. For this purpose a value of 1852 metres has been adopted as the length of the International Nautical Mile, and is equivalent to the length of a minute of latitude at about 44° latitude. It is the length normally meant when referring to the "nautical mile".

It should be noted that the variation in the length of a minute of latitude on the Earth's surface (or rather on the ellipsoid that represents it) has nothing to do with the continuous change of scale along the latitude graduation of the Mercator projection. The former has to do with the shape of the earth and affects all projections. The latter has entirely to do with a particular method used to represent the earth's curved surface on a flat piece of paper and affects only charts constructed on the Mercator projection. (Other distortions will affect other projections!)

It must be remembered that it is the international nautical mile that is used for describing the breadth of zones such as the territorial sea and EEZ. As described above it is not the same as a minute of latitude except at one particular latitude. For accurate plotting of distances this difference can be significant and must be taken into account.

3.11.3. Latitudes and Longitudes

There are many ways in which a position on the surface of the earth may be defined. The global system that is best known and universally used in marine navigation is that of geographical coordinates, latitude and longitude. In this system, the surface of the Earth is gridded with "parallels of latitude" that are oriented east and west and measured and numbered as angles north and south of the equatorial plane. Perpendicular to these are the "meridians" or lines of equal "longitude" that are oriented north and south and converge at the poles. Conventionally the meridian known as the Prime Meridian, running through Greenwich, UK, is assigned as the zero reference, and the longitude is measured as an angle to the west or east of the Greenwich meridian. On most projections, due to their convergence, the meridians do not cut the parallels of latitude at right angles but the Mercator projection is designed so that the lines of latitude and longitude are perpendicular to each other.

To ease the problems of computing positions on a spherical surface, both latitude and longitude are expressed in angular measure. Latitude is measured from 0 to 90 degrees north or south of the Equator. The Equator is 0°, the North Pole is at Latitude 90° North, and the South Pole is at Latitude 90° South. Longitude is measured from 0° to 180° East, and from 0° to 180° West, of the Prime Meridian. The meridian of Longitude 180° East is the same as the meridian of Longitude 180° West. It lies diametrically opposite the Prime Meridian (of 0°). The international meridian of zero longitude was originally defined by the rotation axis of the Earth and a specific point located at the former Royal Observatory at Greenwich, near London in the UK. It has in recent times been modified by international agreement to have a physical location close to, but not identical with, the original line as defined by the International Earth Rotation Service (IERS).

The angular measure of a "degree" (denoted by the symbol °) is usually sub-divided into minutes (') and seconds ("). There are 60 minutes to a degree, and 60 seconds to a minute. It should be noted that mathematical calculations require a high level of precision and that consideration should always be given to providing coordinates to decimals of a second if required. To avoid confusion with units of time or temperature these units of angular measure may be referred to as degrees, minutes and seconds "of arc".

The majority of charts, excepting some older large-scale sheets, are graduated in latitude and longitude. The graduations are shown along the borders of the chart. The inner neat lines of the border are almost always oriented due north-south and due east-west, so that they are meridians (along which the latitude graduation is shown), and parallels (along which the longitude graduation is shown). In addition, a selection of meridians and parallels are shown on the face of the chart, spaced so as to facilitate the plotting or reading of positions. The resulting network of intersecting meridians and parallels is called a graticule

3.11.3.1 Reading Latitudes and Longitudes on Mercator Charts

Two methods are available for reading geographical coordinates from a Mercator chart: one using a parallel ruler and the other using dividers. In the first method one edge of the parallel ruler is aligned with the charted parallel or meridian (depending on whether the latitude or the longitude is required) nearest to the point whose coordinates are to be read off. The ruler should be positioned to overlap both the graduation on one border and the required point. The ruler is then carefully rolled to bring an edge over that point. With a well sharpened pencil held against the edge of the ruler a fine line should be drawn through the point (to check alignment). Then, holding the pencil at the same angle to the edge of the ruler, draw a fine line across the graduation scale on the border. The parallel ruler may then be moved to allow the latitude or longitude of the line on the scale to be read and recorded. Exactly the same procedure is followed for reading the other coordinate. Care must be taken in rolling the ruler to ensure that uneven pressures do not cause it to slew out of parallel. Graduated set squares may be used in lieu of a parallel ruler.

In the second method, dividers are held so that one point of the dividers is placed on the exact position whose coordinates are to be read. The dividers are carefully adjusted so that the other point just touches the nearest charted parallel or meridian, as appropriate, due north or south, or due east or west, of the position to be read. The dividers are then placed against the appropriate border graduation nearest to the position to be read, with one point at the intersection of the charted parallel or meridian and the graduation. The latitude or longitude indicated on the scale by the other point of the dividers is that which is required.

It takes practice to learn how to hold the dividers at an angle to the paper so that the points are on the required positions but not sticking into the paper. If the points are continually pushed in, the exact position on the chart will become obscured by the resultant damage to the paper.

Charts used to be engraved on copper printing plates. Subsequent corrections were made by hammering out the engraved work in the relevant area before inserting the corrected detail. The hammering inevitably slightly distorted the plate in the area of the correction, and frequently one or more of the charted parallels or meridians would be bent. Although there are probably no charts in current use that have been printed directly from copper, many older charts have been transferred to more modern plates, and the distortions will have been transferred also.

If at all possible, charts based on old plates should be avoided, and alternative sources or charts should be sought. That may not always be possible, however, in which case considerable care must be taken, and it must be recognized that the results will probably be less accurate than is desirable. In these cases the parallel ruler method is often to be preferred because the rulers may be aligned along a sufficient length of parallel or meridian for the effect of local distortions to be eliminated. It may, however, be impossible to find an alignment that is entirely satisfactory, and in particular, if the position is near the middle of the chart, comparison of intersections with opposite borders may show a discrepancy. It may be necessary to take a mean of two readings.

3.11.3.2 Plotting Positions by Latitude and Longitude on Mercator Charts

On a Mercator chart, plotting a position is the reverse of the parallel ruler method of reading it from the chart. The ruler is aligned on a parallel or meridian as near the required position as possible, and overlapping both the appropriate border graduation and the longitude or latitude of the position. It is then carefully rolled to a point where a fine pencil line can be inscribed across the graduation at the required latitude or longitude. Another line is inscribed of sufficient length to be sure that it will pass through the desired position to be plotted. This is repeated for the other coordinate, and the intersection of the two lines marks the position.

3.11.4 Use of Bearings and Distances on Mercator Charts

Plotting positions on a chart by a bearing and distance from a known charted position may be required in boundary delimitation. However, it is only accurate (within the limitations of scale) over quite short distances because of the problems of distance measurement on the Mercator projection, or because of the difficulty of projecting a line of constant bearing on non-Mercator projections that depict meridians as converging lines.

The bearing is measured either with reference to a nearby meridian using a protractor or specially designed parallel ruler, or it may be made with reference to the compass roses, which will be found located at convenient points on the chart. In the case of the latter, great care should be taken in using the compass circle referenced to true and not magnetic north. After drawing the line of bearing, the distance may be measured either with reference to the latitude scale (at the same parallel at which the measurement is being made), or to the distance scale on non-Mercator charts. The distances can be set off using dividers.

A position determined by bearing and distance is generally described as being so many degrees and such and such a distance from a specific feature (which may be called the reference point) which is either defined by precise geographical coordinates or is clearly identifiable as an unambiguous point on the chart. Such an identifiable feature might be a lighthouse or a beacon; if it cannot be identified as an unambiguous point the accuracy of the position is immediately in question. That might occur if the feature were a rounded headland.

Compass bearings are usually given in "whole circle" notation from 0° to 360° where true North is both 0° and 360°, and bearings are measured clockwise (i.e. towards east, south and west in that order). Alternately, they may be given in quadrantal notation e.g. N36E, although this notation is rarely used today. They may, of course, be expressed in the form of degrees and decimals of a degree, degrees and minutes (and decimals of a minute), or they may be given in degrees, minutes and seconds (and decimals of a second). But if the position has been taken off a chart, or has been determined by compass bearings it can only have been read off to within about a quarter of a degree (15'). Distances, which will be quite short if this method is being used (see above), are most likely to be given in nautical miles (probably without regard to the difference between a minute of latitude and the International Nautical Mile - see earlier text).

3.11.5 Working on Non-Mercator Charts

The positions of base points must generally be determined by reference to the largest scale chart available. Where existing charts are inadequate, precise geographical coordinates may have to be taken off a large-scale land map of the area. Large-scale charts may be found to be on a non-Mercator projection, and it is almost certain that no land map of the type being considered would be on the Mercator projection.

At the large scales likely to be used in these instances, the convergence of the meridians and curvature of the parallels that occur on other projections will be practically undetectable within the bounds of adjacent mapped or charted meridians and parallels. In that case plotting by latitudes and longitudes may be carried out as already described. Readings should always be taken by reference to the nearest set of graduations.

If the curvature of the parallels is detectable between the area concerned and the nearest latitude graduation, it will be necessary to inscribe a meridian by joining the appropriate longitude graduations at the required position. The latitude difference from the nearest parallel (taken off with dividers) may then be referred from this inscribed meridian to the border graduation or vice versa.

Similarly, if the convergence of the meridians is such that different readings would be obtained from the lower and upper border graduations, it will be necessary to inscribe a local meridian by connecting like values along the two graduations as near as possible to the required position. Use the dividers to measure the longitude difference between this meridian and the desired position and then transfer it to the nearest graduated border for reference. This reduces the chance for significant error.

On many maps the main positional reference system is provided by a square grid. These generally refer to distances (usually in metres or kilometres) north or south, and east or west, of a local Point of Origin. Despite the use of the familiar terms "north" and "east" these 'rectangular spheroidal coordinates' cannot be converted to latitude and longitude by a simple process of adding or subtracting some fixed value. Such grids often have much closer mapped sub-divisions than is provided for the geographical graduation, and may be much more convenient to use. The local (or national) grid coordinates so obtained can be converted to geographical coordinates using an appropriate formula, a time-consuming process without the aid of a computer and appropriate software!

A feature of many large-scale maps is that the borders frequently do not show close latitude and longitude graduations, and often there are no continuous lines denoting meridians or parallels. Furthermore, if the map is gridded the borders are unlikely to be oriented north-south and east-west. In such cases intervals of latitude and longitude are shown around the border, but often widely spaced and with no intermediate values. Their points of intersection may be indicated on the map by small crosses. By joining the appropriate intersection points with pencilled lines a local graticule can be constructed.

The lack of any sub-division of the border graduation should present no difficulty. The appropriate distances to the nearest meridians and parallels may be read off a ruler graduated, preferably, in millimetres. These distances may be compared with the measured distances between adjacent meridians or parallels, and by simple proportion the interval may be converted to a difference of latitude or longitude. There is no problem of a constantly changing latitude scale as is found with Mercator. (Changes of scale do occur with these projections, but they are seldom significant for plotting purposes. They are, however, significant if computational precision is required, and calculations of positions using the mathematics of the projections have to take this into account).

3.11.6 Working on Electronic Navigational Charts within GIS
Although positions plotting or distance measuring with GIS look much easier than with the paper chart, it is important to be fully conversant in the procedures of plotting or measuring in the GIS you are using.  Some simple GIS or even full GIS may use a simple method like the measurement of only counting dots on the display between two positions. Depending on objectives, it maybe necessary to introduce a prepared special calculation library or to develop an appropriate calculation program from scratch. 
3.12 Generalization
When analysis on charts is done, it is necessary to bear in mind that features on any map have the possibility to be generalized. Generalization is defined by S-32 as follows:

The omission of less important detail when compiling a chart. Its purpose is to avoid overloading charts where space is limited. 

http://hd.iho.int/en/index.php/generalisation
Map scale is not 1:1 so that any depiction of features is denser than the real world. In addition, printing density is regulated by printing technology and (this is more important) the limit of eye acuity (approximately 0.02mm). It is difficult to reduce the width of printing lines. Normally, it is approximately 0.1mm at the minimum. In order to express the shape or importance of a feature a larger size is used. The minimum size can be regarded as the element unit of the portrayal similar to the resolution.

Thus, there is a minimum size in order to illustrate a feature on a paper map. Environmental conditions also have an impact such as colour, contrast of print or the light environment around maps that may have the effect of reducing the minimum size that can be clearly seen. Nautical charts are used for navigation at the sea in a challenging environment and for this reason features are often depicted larger than the minimum figures discussed above.
The minimum size of features is governed by the scale of map; the smaller the scale the larger the minimum size. For example, 0.2 mm on paper at a scale of 1:1,000 can be recognized in the ideal situation although in practice this may be worse,, 0.2 mm on a map of this scale equals 20 cm in the real world, which means it is impossible to portray anything smaller than 20 cm. When using a smaller scale such as 1:1,000,000 the minimum size of 0.2mm on the map represents 200 m on the ground. This can increase to 1000 m in some cases and is the reason why large scale charts or maps should be used for UNCLOS work.

As nautical charts are designed for navigational safety, it must be borne in mind that some features that are not critical for navigational safety but are still considered important enough to be depicted will be moved slightly so as not to mask the navigationally critical feature. An example would be the symbols for the nature of the bottom such as mud, sand or rock that would be moved so as not to mask critical bathymetric depths.
Sinuous lines such as depth contours and coastline are often simplified on smaller scale charts for clarity. Depth contours in particular will be merged in steep bottom topography. 
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