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Coastal Navigation 101

Plotting your course: terminology and definitions used in
navigation.
When taking friends and family out on the water, they look to you as the Captain of a vessel. When
being a Captain, great power comes great responsibility and they'll expect you to know where you are at
all times. Whether you are on small inland lakes, the Great Lakes, or coastal waters we call this skill,
coastal piloting, which requires a mastery of practical navigation and knowledge.
This e-book is intended for you, the recreational boater who wants to understand the elements of the
nautical charts and learn how to navigate through any new body of water. Reading a chart does not
appear to be difficult, however there is so much information that many never realized was on a
navigational chart, until you have an opportunity to dig into the details through a refence like this.
The focus of this e-book is developing a literacy of traditional paper charts and later incorporating the
use of marine electronics (GPS, Chart plotters). Many people are already using electronic navigation but
do not have any backup system in the event their electronics fail. Having a book of charts like a chart kit
and knowing the basic process of reading a chart may be the best way to get back to the dock after your
marine electronics fail. Keeping an hourly log that records your position and using your GPS record your
last know position on a chart is a great 'hard copy' backup and will be great help to the Coast Guard if
you ever need to radio for help.
Terms and Definitions:
Let's begin by getting familiar with some navigation terms and definitions.
•

Navigation: the practical use of finding a way from one place to another. When Navigating we
ask two questions? Where are we? And how do I safely get from here to there?

•

Coastal Navigation: directing the passage of your vessel near the coast, allowing one to find
one's position by use of landmarks and other references.
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•

Piloting: the handling of one’s vessel near land using buoys, soundings, landmarks, etc., or the
finding of a ship's position by such means.

Off the Grid, How to Determine Your
Latitude and Longitude
“So just, where are we?” With guests on board, this is a
question you really don’t want to be asking.
As safe boaters, we need to know where we are so we can:
•

report our location in an emergency,

•

safely navigate in coastal areas,

•

and return safely to our homeport.

When out on the water, we don’t have a mailing address or
landmarks, like a local restaurants or businesses. On the water
or on land, any location can be mapped or found on a grid
system simply by giving two numbers which are the location's
horizontal and vertical coordinates. To determine your location
while out at sea we can use a system of reference lines (called
Parallels of Latitude and Meridians of Longitude), which are
placed on the Earth’s surface. Your location is unique and is
expressed in degrees, minutes and tenths-of-minutes or
seconds.
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Parallels of Latitude are imaginary circles on the surface of the Earth
parallel to the equator and moving from the Equator to the North or

90ºNorth
45ºNorth
30ºNorth
15ºNorth
0º
15ºSouth
30ºSouth
45ºSouth

South Pole. Angles relative to the center of the Earth are expressed
in degrees North and South with a line drawn parallel to the equator.
These Parallels of Latitude are measured in degrees, minutes, and
tenths-of-minutes, in a North and South direction, from the equator.
Parallels of Latitude run in a west and east direction (left and right on
a chart). The circumferences of the parallels decrease as they

90ºSouth

approach the poles (zero degrees at the equator to 90 degrees at each pole). With true north at the top
of the chart, parallels are indicated by lines running from side to side with latitude scales along the side
margins.
Meridians of longitude are great circles formed by a plane cutting

North Pole
Meridians

through the Earth’s axis and its poles. Longitude is measured both
East and West for 180 degrees; i.e., 90°W or 90°E.
•
The International Date Line generally conforms to the 180th
meridian.
•
The Prime Meridian and International Date Line divide the
Earth into eastern, western hemispheres.
•
The degree of longitude equals only 60 miles at the equator.
•
180-degree meridian is on the exact opposite side of the
Earth from the 000-degree meridian.

South Pole

Meridians of Longitude are circles on the surface of the
Earth that run in a North/South direction (top to bottom on
chart). They do not form parallel lines, but instead meet at
single point at each pole. The meridian which passes
through Greenwich, England at 000 degrees is called the
0º
Greenwich

Prime Meridian.
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Distance:
The Earth’s circumference is 21,600 nautical miles (nm). If you divide that number by 360° in a circle,
you get: one degree of latitude equals 60 nautical miles (nm). One minute (’) of latitude is equal to one
nm. One nautical mile equals 6,076 feet and is the primary distance used on charts.
One tenth is 607 ft. One second is 101 ft
•
•
•

On a standard chart distance is only measured from the Latitude scale,
as latitude lines are equal distances apart.
Speed is expressed as knots.
Five knots = five nm an hour, (not 5 knots per hour).

Coastal navigation charts are oriented so that geographic (true) north is towards the top. The vertical
lines are the meridians (longitude) and the markings on the left and right border measure latitude. The
horizontal lines are the parallels (latitude) and the markings on the top and bottom border measure
longitude. Note that the latitude and longitude scales are not the same (except at the Equator).
Latitude and longitude are measured in degrees (°), minutes ('), and seconds ("). A degree is composed
of 60 minutes, which, in turn, comprises 60 seconds. Nautical charts generally express latitude and
longitude in a degree, minute, second (DMS) format, sometimes denoted DD°MM'SS".
Global Positioning Systems (GPS), phone apps, Google Maps, and other electronics often use
other formats to denote latitude and longitude. The GPS format uses whole degrees, whole
minutes, and seconds expressed as a fraction of a minute.
Concepts:
How to express degrees and minutes.
•
•
•
•
•

The Earth is divided into units of a circle. Each circle possesses 360 degrees around its edge. The
symbol (°) is used to write degrees; i.e., 14°.
There are 60 minutes in each degree of arc. The symbol (‘) is used for minutes; i.e., 14 degrees,
15 minutes is written as: 14° 15’.
Minutes of a degrees are expressed as two digits; i.e., 03’ = 3 minutes and 00’= zero minutes.
Each minute of a degree is divided into 10 tenths and use the decimal symbol (.) So 24 degrees,
45 minutes and 2/10 of a minute is written as: 24° 45.2’.
Seconds are used instead of tenths-of-a-minute for non-charting activities.
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•
•

Degrees can also be broken down into minutes and seconds, tenths-, hundreds-, or thousandsof-a-second. Each minute is 1/60th of a degree and each second represents 1/60th of a minute.
D = Degrees; M = Minutes; S = Seconds; .m = Decimal Minutes; .s = Decimal Seconds
DM.m = Degree, Minute, Decimal Minute (45° 22.6333') is the same as DMS = Degrees, Minutes,
Seconds (45° 22’ 38")

Most GPS devices provide coordinates in the Degrees, Minutes
and Seconds (DMS) so to use these coordinates with your paper
chart you may have to convert them to Degrees, Minutes and
tenths of minutes (DM.m). Or simply change your preferences in
the GPS device to (DM.m) whenever possible.

Guide to Converting Latitude and Longitude Coordinates
Converting Seconds to Tenths:
DMS = DM.m (45° 22’ 38" = 45° 22.6333)
Divide S by 60 (38/60 = 0.6333) to get .m
Add .m to M to get M.m (22 + 0.6333 = 22.6333)
Converting Tenths to Seconds:
DM.m = DMS (45° 22.6333 = 45° 22’ 38")
Multiply .m by 60 (0.6333 x 60 = 38) to get S
Replace 0.6333 with 38" to get 45° 22’ 38"
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Chart Projections:
A Day in the Life of a Cartographer

How can we make a round planet fit on a flat piece of paper?
Only human beings can put a round pizza in a square box and then cut it into triangular slices. For the
purpose of coastal navigation, let’s say that the Earth is a perfect sphere. To represent Earth’s spherical
surface features on a flat surface such as of a chart, a process called projection is used. These
projections always look good on paper, but it’s important to understand the type of projection used,
because you may find errors when going from a charted projection back to the real world. Basic types of
projection used in making charts are Mercator, Polyconic, and Gnomonic.

Mercator Projection, used on most coastal navigation charts, are made by
transferring the surface of the Earth onto a cylinder. Meridians are projected
so they appear to be equal spaced and parallel to each other. Longitude scale
is NOT used for measuring distance and distortion is great above/below the
80-degree latitude.
Polyconic Projection In this type of projection, Earth’s image is projected on to
a conical surface. Longitude lines are parallel. This is used for Great Lakes charts.
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Image: Polyconic Projection

Gnomonic Projection is where the surface features and reference lines of the sphere are projected
outward from the center of the Earth onto a tangent plane. Meridians appear as straight lines that
converge as they near the closest pole. The great circles appear as straight lines. This type of projection
is used to plot the optimum great circle route (shortest path) between two points on ocean charts.

Image: Gnomonic Projection
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The “Art” of Reading a Chart
If Size is Just a Number, Then What is Scale?

Let’s talk about the parts of a chart you’ll encounter. Scale is the ratio comparing a unit of distance on
the chart to the actual distance on the surface of the Earth; i.e., a scale of 1:5,000,000 means one unit of
measurement on the chart is equal to 5,000,000 of the same unit of measurement on the Earth’s
surface. One inch on the chart equal 5,000,000 inches on the Earth’s surface, or 68.57 nautical miles.
The scale of 1:50,000 means one inch on the chart equals 50,000 inches on the Earth’s surface, or 4,166
ft, less than a nautical mile.

All Shapes, All Sizes
The navigational chart is one of the most fundamental tools available to the mariner, but you must have
the right sized chart for your route. There are several prepackaged sizes you might find when looking for
the right chart.
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Sailing Charts. Scales of 1:600,000 and smaller are used on large open bodies of water; i.e., oceans to fix
the mariner’s position for approach to the coast from the open ocean, or for sailing between distant
coastal ports. The shoreline and topography are generalized; only offshore soundings; features such as
principal lights, outer buoys and landmarks visible at considerable distances are shown.

General Charts. Scales 1:150,000 to 1:600,000, are used for initial approach to
shorelines, for coastwise navigation outside of outlying reefs and shoals, such as
when a vessel is within sight of land or aids to navigation and its course can be
done by coastal navigation; i.e., Havana to Tampa Bay scale 1:470,940.Tampa Bay
to Havana, Cuba 265 nm.
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Coastal Charts. Scales 1:50,000 to 1:150,000, are used to navigate
along the coast and harbor approaches, for inshore navigation for
entering bays and harbors of considerable width, for navigating large
inland waterways, and for more detail to aid in safe navigation.

Harbor Charts. Scales 1:50,000 or larger, provide
detailed information to enter a harbor safely, in
anchorage areas, and smaller waterways. They
provide finer detail and features for close-in
navigation.

Recreational Craft Charts. Recreational-craft charts
are a series of large-scale charts in a book format;
scale of 1:20,000; for uses such as Wisconsin’s Lake
Winnebago. Small craft charts are at scales of
1:40,000 and larger; for use in harbors and riverways.

Nautical Chart Formats
There are a variety of sources for nautical charts. Most boaters buy a chart for local waters at a
local marine store. Charts for just about any part of the world can be obtained from any
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number of sources online. The official NOAA website can
guide you in selecting paper charts, electronic charts,
publications with additional information, and historical
charts. This site also lists places to purchase NOAA charts.
NOAA's nautical charts are committed to your safe boating
experience and you should take advantage of their free
offerings. BookletCharts are a newer format that are easy to
access from the Web, easy to print, and easy to carry in a
pocket, NOAA officials hope that tens of millions of
recreational boaters who may not normally use charts will
use these.
Another great resource is the ChartKit book, which
are a spiral-bound collection of several full-color
reproductions of NOAA charts, including coastal
and offshore coverage. You will also find aerial
photos and GPS waypoints to help you plan your
passage. This book is a complete system to work as
your primary or secondary navigational reference.

In addition to the traditional paper products, charts are also available in raster format and vector
format. Raster charts are simply bitmap images created by scanning a paper chart. Features do not
change with scaling. Vector charts portray charted features as points, lines, or areas with increased
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information attributes found in an associated database. Features on the chart change with scaling. Both
can be downloaded from the official NOAA website.
Raster Nautical Chart (RNC) is a geo-referenced, digital picture of a paper chart which
can be used in a raster chart system. Also known as BSB charts, they contain sets of
colored pixels representing chart information as a picture on a computer screen.
Simply put, it is an array of pixels arranged in rows and columns. Pixels are color
coded, but do not represent features explicitly.

In Vector Format is the Electronic Navigational Chart (ENC). The database of chart
features and their attributes are used in a chart plotter to construct and query a chartlike display. It supports all types of marine navigation by providing the official database
for electronic charting systems including the Electronic Chart Display and Information
System. Supports real-time navigation. Provides fully integrated vector base maps for
use in navigational information system. The ENC features set of accurately positioned
lines (vectors), points and areas, with associated attributes (e.g. “shoreline,” “buoy red”) organized in a database.
Basic Facts About Charts
Charts are oriented with North at the top. All charts use the latitude and longitude reference system.
The latitude scale runs along both sides of the chart. The longitude scale runs across the top and
bottom. Any location on a chart can be expressed in a unique latitude/longitude coordinate;
i.e., 44° 10’ 00; 89V 10’ 00.
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Bottom Characteristics are described with a combination of numbers, color codes, underwater contour
lines, and a system of symbols and abbreviations.
Datum. A chart’s water depth is measured downward from sea level at low
water (soundings). Heights or landmarks are in feet above chart datum.
Vertical datum on the Great Lakes was established as a base in feet to
compare survey data. Lake Michigan/Huron is 577.5.’ So, a water depth of 77
ft on a chart is 77 ft below the chart datum of 577.5, assuming water level is at
datum. Add or subtract water level related to datum to get the exact water
depth.
Contour Lines connect points of equal depth to provide a bottom profile for a depth normally less than
five fathoms (30 ft); i.e., 6 ft line is 1 fathom, 12 ft is two fathoms, 18 ft is a three-fathom line.
Equating Depth: Depth of water may either be in feet, meters or fathoms (a fathom equals six feet). The
chart legend indicates which unit is used.
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Chart Features: Include names, buoys, bottom types (clay), depths, shoals, areas, bottom types
(rock/mud), wreck cleared to 56 ft, rock cleared to 24 ft, boundary designations, near coastal, state line,
and/or territorial line.
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General Information Block contains:
•

Chart title, which is usually the name of the prominent navigable body of water within the area
covered in the chart.

•

Statement of the type of projection and the scale

•

Unit of depth measurement (Feet, meters or fathoms)

•

Notes. Closely read the notes. Each chart has a Note A, which directs you to read the Coast Pilot
and Notice to Mariners for updates. Other Notes may contain important information that
cannot be presented graphically. For example:

Note Z: NO-DISCHARGE ZONE, 40 CFR 140 (Great Lakes)
This chart falls entirely within the limits of a No-Discharge Zone (NDZ). Under the Clean Water Act,
Section 312, all vessels operating within a No-Discharge Zone (NDZ) are completely prohibited from
discharging any sewage, treated or untreated, into the waters.
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CHART EDITION
First Edition Date is at the top center of the chart.

Edition Number of a chart (and latest revisions) tell you when information on the chart was updated. It
is located in the margin of the lower left-hand corner. Charts issued May 2002 and later, have three
dates - Corrected through Notice to Mariners date; Corrected through Local Notice to Mariners date;
and Correction date, the date of each edition.
Updates. NOAA Chart Update Web Service provides access to chart updates published in USCG Local
Notice to Mariners. The site provides information on chart updates affecting hazards to navigation and
other information for safe navigation; i.e., channel conditions, bridge and cable clearances, and
regulatory changes. NOAA chart updates available on the web reflect the same chart update information
available on the NOAA Print-on-Demand, etc.

Chart Accuracy, How Good is This
Dang Map?
A chart is only as accurate as the survey on which it is based. Major disturbances such as hurricanes and
Earthquakes, can cause sudden and extensive changes in the bottom contour. Everyday forces of wind
and waves make changes in channels and shoals. The prudent sailor must be alert to the possibilities of
changes in conditions and inaccuracies of charted information.
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Determining Accuracy. Compromise is necessary in chart production, as various factors may prevent the
presentation of all data that has been collected for a given area. In order to judge the accuracy and
completeness of a survey, note the following:
1.
2.
3.

Except in well frequented waters Few survey points, are so thorough; all dangers have not been
found:
If the soundings are sparse or unevenly distributed, the survey may not be detailed. Large or
irregular blank spaces among soundings mean that no soundings were obtained in those areas.
When the surrounding water is “shallow,” or if reefs are present, such blanks should be
regarded with suspicion.

COMPASS ROSE
One or more compass roses will be printed on a chart, oriented with
North at the top. There are two circles of degrees:
•

True direction is printed around the outside.

•

Magnetic direction is printed around the inside with an arrow
pointing to magnetic North.

Variation is printed in the middle of the compass rose. Variation can
change across a chart. Check each rose. Using a compass rose, directions are measured by drawing a
straight line from the center point of the circle to a number on the compass rose.
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The Future Meets the Past: The
Marriage of Paper Charts & GPS

Cool Technology is No Substitute for Good Seamanship
Having a redundant back-up system is a great reason for augmenting GPS with paper charts. Electronics
can and do fail. Batteries die, electrical systems fail, boats get struck by lightning, and water can quickly
destroy sensitive electronics. Terrorist threats or military situations can impact electronics too; GPS can
be shut down or regionally blocked anytime if the government so decides.
There are many good reasons to use all the tools you have. Using GPS to plot your position on a chart
and looking at all the chart data in the location provides so much more. Combining your GPS and
compass with a paper charts will give you a complete picture and you’ll possibly make better decisions.
What about a Compass? The prudent mariner does not rely on only means of navigation. A compass
work hand in hand with paper charts and should always be viewed as a complement to GPS.
•

GPS knows position and direction of travel; compass knows vessel heading

•

GPS knows direction with motion

•

A Compass provides a backup in case of GPS failure; i.e., power failure

•

GPS reports movement over ground, which is most often different than the vessel’s heading.

Making Your GPS A Useful Tool
•

Annotating charts

•

Transfer waypoints and routes to GPS

•

Provides waypoint confirmation on the water

•

Ensure that there are no errors in determining or entering waypoints

•

Envision location; will look a lot different than charts

•

Compare cruising guide to charts
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A simple plan starts with paper chart. Once you have the correct charts and appropriate scale for the
passage, you can easily draw your waypoints, correct a proposed course line and hazards along the way.
Charts contain a robust amount of detail that you will now understand having learned how to read a
chart. Once you have the passage plotted on paper, you should transfer each of the waypoints into your
GPS and added into a new route. You can later use your GPS to follow this route as you begin the
passage.
Secondly, you should keep a log of the GPS latitude and longitude on a pad of paper, drawing five
columns and writing in headings for time, latitude, longitude, course and speed. Make a log entry every
hour by filling in the data off your GPS. Since the paper log contains an accurate position, you can easily
add a paper chart plot from it. With
the hourly position data, plot your
positions and note the time.
GPS does a great job navigating to a
waypoint, but often doesn't directly
warn you that you are off your
intended course. Using GPS along with
your chart you’ll have a much better
picture of where you really are. Also, if
any electronic would fail you can keep
navigating off of your paper backup.
Prudent navigation requires basic paper chart skills and is very nicely augmented with technology. Aside
from the navigational benefits, using paper charts will provide the added benefit of s a souvenir from
past passages, nothing stirs up those nostalgic memories better than reviewing a worn crumpled chart
detailing that last summer’s passage.
Fair winds and safe navigating…
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