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Introduction
Introduction to GPS and Paper Maps

Paper maps have traditionally been the primary navigation tool for
centuries. Maps are most reliable when used with a
compass to determine orientation and direction.
With the advent of GPS technology, you might
think that maps have become obsolete. Just the
opposite, they have become even more useful.
This guide contains practical information for
using the features contained in your Garmin
GPS unit to complement navigation with paper
maps.
To help you understand the relationship between paper maps and
Garmin GPS units, you will be given a brief introduction to using maps for
navigation on land, and how that form of navigation is enhanced and even
simpliﬁed when using a Garmin GPS.
You will learn how ﬂat paper maps of a geospheric Earth were developed, what compensations were made to create accurate ﬂat maps. You
will also learn how GPS unit features have improved methods of navigation
using traditional maps. The maps used for our demonstrations are United
States Geological Survey (USGS) topographic maps.
For the most part, just about everyone can understand the basic
presentation of a map; however, understanding the practical applications of
map reading for accurate navigation requires some instruction.
Our goal is to lead you into map navigation with some basic discussions and exercises, and provide you with paths to discover more
information on your own, through the use of detailed references found at
various sites on the world wide web. Map reading and navigation is a skill
developed by practice. This guide is intended to help you understand map
basics and to appreciate the value of a Garmin GPS when used for land
navigation.
To take you to a more in depth look at paper map navigation, a list of
recommended web sites, by subject, is contained in the Appendix at the
back of this guide.
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Introduction
How does a Garmin GPS work with maps?

Before you can answer this question, you must know how maps work.
Once you have a working knowledge of how maps are designed for navigation, the GPS question will be, for the most part, automatically answered.
Automatic is the key word to understanding the Garmin GPS unit and
its relationship to map navigation.
GPS has a variety of applications on land, at sea and in the air. Basically, GPS allows you to determine your location and ﬁnd other locations
on the Earth. It helps you navigate to and from those locations. GPS can
be used everywhere except where it’s impossible to receive a satellite signal
such as inside buildings; in caves, parking garages, other subterranean
locations; and underwater. The most common airborne applications
include navigation by general aviation and commercial aircraft. At sea, a
GPS is typically used for navigation by professional mariners, recreational
boaters, and ﬁshing enthusiasts.
If you are involved in an activity or sport where you need to keep
track of where you are, ﬁnd your way to a speciﬁed location, or know
what direction and how fast you’re going, you can beneﬁt from the Global
Positioning System and a Garmin GPS unit. For this discussion, we are
using the Garmin eTrex Vista® to demonstrate the GPS functions. Its small
size, electronic compass and altimeter make it ideal for off-road travel where
a paper map is being used as a reference. Although this is a full featured
Garmin product, even basic Garmin models can enhance and simplify
paper map navigation. To learn detailed information on speciﬁc Garmin
unit operation, refer to the Owner’s Manual and Reference Guide for that
product, available on the web at www.garmin.com.
If you are a ﬁrst time buyer or desire an upgrade from
your current GPS unit, a comprehensive GPS applications
and Garmin GPS Selection Guide is presented in the
Appendix.

eTrex Vista
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Introduction
Electronic Maps and Paper Maps

In this guide, we are going to limit our discussion to Land-based applications and navigation using both a Garmin GPS and a Paper Map. In most
comparisons you would expect a discussion of the advantages of one over
the other, but in the case of paper maps and a GPS unit, there aren’t many
disadvantages. In fact, a GPS is designed with features to enhance the capability of paper maps and paper maps enhance the capability of a GPS. One
advantage of a paper map is that without much instruction you can read and
use it to perform basic navigation tasks. The same is true for a GPS. With
some basic map and compass instruction you can determine your approximate location on a paper map. With the press of a button you can use a
GPS to determine your exact location anywhere in the world. Paper maps
provide you with a “big” picture of the area around your location and depict
landmarks, roads, waterways, towns, etc. in great detail.
Most Garmin GPS units contain an electronic map similar to a paper
map but with these differences: there is not as much detail on the electronic
map, but you can change the scale of the electronic map (zoom in or out),
you can identify an item on the map and create a path to it along with navigation assistance to keep you on track to your destination. You can measure
your rate of progress and can even store information about the destination
and the route to it for future use. You can also customize the method in
which the map displays its features, by controlling the size of text, removing
some items to simplify the amount of items shown, etc. You can download
a variety of Garmin MapSource® Maps to most Garmin units.
Paper Map Features complemented by Garmin GPS Receivers
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Paper Maps
Map Scale
Magnetic North Declination Information
Designed from a map projection format
Designed to a Map Datum
Units of measurement
Geographical Features

GPS Receivers
Map Scale with Zoom In/Out capability
North Reference Setting Options
Location format matching capability
Map Datum matching capability
Units of measurement options
Geographical Features with display options

Paper Maps using Map Tools & Compass
Measuring distance between map points
Projecting a bearing to a map point
Plotting a position on the map
Using a compass to navigate on a bearing
Locating yourself on a map
Marking a route to a destination
Measuring your progress

GPS Built-In Features
Measure Distance feature
Automatic bearing feature (GoTo)
Automatic plotting (Mark Waypoint)
Auto navigation (Nav Pages) (CDI)
Marking your current location
Creating a Route of waypoints
Automatic calculation (Trip Computer)
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Introduction
Paper Map

USGS Topographic Map - Scale 1: 50,000

GPS Electronic Map

Panning Arrow

Map Scale

eTrex Vista GPS
“Zoomed In“
Topographic Map Display
(Actual Size)

eTrex Vista GPS
“Zoomed Out“
Topographic Map Display
(Actual size)

While paper maps provide great detail and a large view of the map area, electronic maps can display
only a small area in detail, they can ultimately depict the entire Earth and have the added convenience
of Zoom In and Zoom Out map scale selection. GPS maps do not typically display at the same scale as a
paper map but can be zoomed in or out to approximate a paper map scale.
The panning arrow on Garmin GPS units with built-in maps allows you to move about on the map to
view details within the scope of the map coverage area. Using the panning arrow to locate any point on
the map you can mark the location as a waypoint to create a destination, or mark your current location.
The panning arrow also allows you to measure the distance between two points on the map.
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Introduction
Matching Garmin GPS Features to a Map for Navigation

If you currently own a Garmin GPS, then you undoubtedly have
browsed through the menu of features. You will have noticed a “Settings”
option containing option entry windows for:
Location Format
Map Datum
North Reference
Magnetic Variation
Direction Display
These options allow you to match your GPS unit to almost any map,
which is essential if you want use your GPS in conjunction with a map for
navigation.
In addition, your GPS contains a ‘Mark Waypoint’ feature which may
offer position averaging for increased accuracy, a ‘Trip Computer’ to measure and record time and distance, a Course Deviation Indicator (CDI),
and ﬁnally a Map or Navigation Page that displays your current position
on a map. Also included on the ‘Map’ Page is a compass direction display,
a ‘Tracks’ display (a visual record of your movement) and a moveable
panning arrow that you can move about on the map to highlight a map
item to measure the distance to the item, learn more about it through an
information page or to record it as a destination waypoint.
You can create a route to a destination on your paper map and then
transfer the coordinates for each point on the route to your GPS. With this
information the GPS reconstructs the route and leads you to your destination providing time and distance information as you travel.
A basic understanding of how to plot coordinates for items identiﬁed
on your map and to plot your position on a map is essential for combining the information on a map with the navigation capabilities of a Garmin
GPS.
As you read through the various explanations and exercises, you will
see how the Garmin GPS features listed on the following pages can aid and
simplify the navigation process.
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Introduction
Here is a quick look at the Garmin GPS screen displays for features
that complement map navigation. Each displayed feature contains a brief
description as well.
Map Page with Panning Arrow: An electronic map with a Zoom
In and Zoom Out feature that allows you to change the map scale at
will. The scale is displayed in the lower left corner of the display. A panning arrow allows you to move about on the map and to scroll the map
to reveal more viewing area. Unlike a paper map with size limitations, a
basemap can be panned to view a major portion of the Earth.
Navigation Page: A compass with direction or bearing arrow, and in
some units, a highway page with a graphic navigation path (highway).
These pages are also accompanied by selectable data ﬁelds to track time,
distance, speed, and heading information.
For these pages to work accurately and in accordance with information on your map, some adjustments to the GPS unit ‘Setup’ must be
made to match the methods in which you are navigating with your map.
Heading Display and North Reference: Under the Heading
settings options observe a ‘Heading’ and a ‘North Reference’ options
window. Depending on how you want to navigate you can choose
a direction display of Cardinal Letters (N,S,E,W), Degrees, or Mils.
Depending on how you intend to measure and project bearings on your
map, you can choose a ‘North Reference’ of Auto, True North, Magnetic
North, Grid North, or User North (for which you must have enough
knowledge about the map you are using to set the declination to match
the map). The GPS can automatically calculate the magnetic declination
for your current position.
Position Format and Map Datum: The ‘Setup’ menu offers you a
‘Units’ page or ‘Location’ tab where you can select the position format
and the map datum to match the map you are using. A position format
can be selected that matches the method in which your map coordinates
are measured. Choose the format that matches your map. Lat/Lon can
be expressed in degrees, minutes and seconds (ddd.mm.ss.s), decimal
degrees (ddd.dddd) or degrees and decimal minutes (ddd.mm.mmm).
If you’re using a USGS 7.5 minute topo map, choose UTM/UPS.
The Map Datum selected must match that identiﬁed on the map
margin. For USGS 7.5 minute topos, use NAD 27 CONUS unless the
map speciﬁes otherwise. You can also set distance, speed, and elevation
displays to match the desired units of measurement on the map.

Map Page with
Panning Arrow

Navigation Page
with Compass

Highway Page

Navigation Settings

Location and
Datum Formats
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About Paper Maps
Mapping the Earth
The basic method of determining your location or that of anything else
on the Earth is to use a global reference system. The system most generally
accepted is a coordinated grid system comprised of hypothetical lines that
encircle the Earth in vertical and horizontal directions. The horizontal
lines make parallel circles around the globe called Parallels of Latitude
while the vertical lines divide the Earth into segments that meet at each
pole and are called Meridians of Longitude. Of the lines of latitude, one,
the equator, circles the Earth exactly midway between the north and south
poles. The location of each of the other parallels of latitude is determined
by measuring the angular distance from the parallel and the center of the
Earth expressed in degrees, minutes and seconds. The lines of longitude
begin with the one that runs through Greenwich, England and is designated as the Prime Meridian. The angular distances between meridians
ranges from 0 degrees at the Prime Meridian to 180 degrees at the meridian
located on the opposite side of the globe (approximating the International
Date Line). Longitude indicates how far a location on the globe is located
to the east or west of the Prime Meridian (e.g. 50o W or 60o E). Together
parallels and meridians construct a grid measurement system known as a
Graticule.
When describing a particular location by latitude and longitude, the
latitude is always stated ﬁrst in degrees, minutes, and seconds followed by
the designation N for north or S for south depending on which side of the
equator the location rests. The longitude is given next in degrees, minutes,
and seconds, followed by E for east or W for west of the Prime Meridian.
When measuring latitude and longitude on a map, ﬁrst measure right (east)
from vertical grid line nearest the desired map location and then up (north)
from the nearest horizontal grid line to the map location. This process is
commonly expressed as “easting” and “northing”.
Now because this graticule (grid system of measurement) deﬁnes a
spherical (3-D) shape, it isn’t possible to create a ﬂat paper map of the
Earth without some distortion. So, in response for the need to chart locations of things and yourself on the Earth and create a route to others, various types of maps have been devised to ﬁt the various needs for navigation,
research, and documentation of the Earth’s physical features. When you
actually travel on the Earth you are, in truth, traveling not a straight line
from one place to another, but rather in an arc that ﬁts the curvature of the
Earth, known as a Great Circle. If this arc was drawn on a two dimensional
8
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About Paper Maps
Mapping the Earth
Constructing a Graticule
Rotational Axis of the Earth
Lines of Longitude
or “Meridians”
North Pole

Equator

Lines of Latitude
or “Parallels”
South Pole

Prime Meridian 0o
at Greenwich, England

At 180o on the opposite
side of the Earth, is the
International Date Line

Central Meridian

Lines of latitude are measured at
angles originating at the theoretical
center of the Earth

Equator

There are 60 meridians, each 6o
apart radiating from the Earth’s Axis

A section of the surface of the Earth ﬂattened to create a paper map.
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About Paper Maps
(continued from page 8)

map it would not appear to be a direct route. The distortion is the result
of depicting (the technical term is projecting) the curved surface of the
Earth on a ﬂat surface. However, the most ingenious of the map makers
have devised methods of projecting the Earth onto a map that provides you
with the best possible solution for accurate measurement of distance and
thus locating a position on the Earth from another position and traveling
to it (accurate navigation). In addition, the smaller the section of the Earth
portrayed on a map the less the distortion. An example often used is to cut
the peel of an orange into sections from top to bottom. Cut a wide section
and try to lay it on a ﬂat surface without it bulging and stretching. However, cut a narrower section and then cut a small section from the middle
of that and place it on a ﬂat surface. The distortion is not as noticeable and
that is true for maps of very small portions of the Earth, like the maps we
use to navigate in a national forest.
Map Projections
The type of map you are most likely to use is the Mercator Cylindrical Projection. It is most useful for navigation because a straight line on
the map corresponds to a compass heading. The example of the map of
the Earth shows both parallels and meridians as straight lines that cross at
right angles. Meridians are equally spaced, but parallels are not because
the Mercator projection straightens the lines of longitude and increases
the space between the lines of latitude equal to the space of longitudinal
widening. Maps made this way are most accurate within 15 degrees of the
Equator and because distortion is so severe at the northern and southern
portions of the map, the projection stops at the 84th parallels. This distortion is so great that land masses at these limits appear to be much larger
than they really are in relation to land masses near the equator (above and
below the 84th parallels). The polar regions are depicted using a Conical
Projection which we won’t discuss here as it doesn’t have much practical
use for most of us.
Because the lines of longitude move closer together as they near and
merge at the poles, the distance represented by one degree of longitude is
greatest at the equator and decreases proportionally as you move toward the
poles where the meridians intersect, and there are zero degrees of longitude. Regardless of these differences, you can easily determine the distance
between to locations on the Earth with the proper measuring techniques.
Two other variations on the Mercator Projection are the Universal Transverse Mercator Projection which turns the cylinder on its side to center on a
particular meridian producing an accurate North/South measurement. The
other is the Space Oblique Mercator Projection which lines the cylinder up
with the orbital path of a satellite in order to accurately map the Earth from
satellites with little or no distortion, much like GPS satellites.
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