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Introduction 

Navigation is a vital aspect of outdoor pursuits at any level of activity or terrain choice. As terrain 

becomes more complex, navigation becomes more challenging and requires a higher level of 

skill. 

Navigation is in fact something we do all the time. We successfully find our way around our 

house, our neighbourhood, and other places we visit frequently. Most of the time this is an 

effortless process since we have a comprehensive mind map of these places. This helps us 

recognize where we are and how to get to where we want to be.  

As we move from familiar to unfamiliar places, we need to collect additional information to keep 

track of where we are and where to go. This can become very complex and challenging. 

Building navigational skills should be seen as a work in progress requiring practice and self-

discipline. This will build reliable competence even for the most challenging navigation 

techniques.  

About this course 

The (Maps) (Maps) course is part of a program aimed at supporting the development of 

foundational outdoor skills.  This module provides students with knowledge and applied 

opportunities to develop navigation skills. This course aim is to develop comfort while using 

maps and to:  

a) Help the graduate become more proficient in navigating in familiar terrain 

b) Help the graduate become more proficient in the use of maps for terrain recognition and 

navigation. 
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Chapter 1 

Observations & Mind Maps 

A mind map is a mental reference of one’s physical surroundings. It involves recognition of key 

features, and the relative location of these features to each other and to one’s present location.  

It includes information such as distance expressed in time, height, recognizable features, 

names, etc.  If this mind map is of natural terrain, it might contain many of the features of a 

physical map. It might also contain information that is too detailed to be captured by most maps. 

Inspecting a venue before an event enables the construction of a mind map and reduce the 

need for a physical map. Another advantage of a mind map over physical map is the higher 

degree of useful details it can contain. 

Even when a person uses a physical map, it must be used as a supplement to the mind map. 

The physical map can add important information to the mind map. However, its use depends on 

the reader having a mental image of where they are with respect to the terrain around them. 

Mind maps can be powerful tools. Inuit hunters, for example, had a mind map of many hundreds 

of kilometres of coast line. These included spatially correct information, key landmarks, good 

hunting/fishing areas, dangerous locations and much more. For these people, the building of 

such powerful maps was a critical survival skill in a harsh and often rather featureless 

landscape. Few, if any, modern travelers will achieve such skill in mental navigation.  

 

 

 

 

 

 

 

 

 
Figure 1 
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Analogy  

When you drive to and from work, do you need to pull out a map to find your way home? How 

do you make your way successfully through your house in the dark? This is a mind map at work. 

Exercise:  Draw out on a piece of paper a mind map of something very familiar to you; 

perhaps a room in your house or your immediate neighbourhood. Be sure to include key 

land marks.   

Next, draw out a mind map of a place less familiar to you. Perhaps a map of a trail in a 

Provincial Park or even a map of North America. Ensure you have the actual map of this 

area available to compare. Insert names of features, both manmade and natural. 

Think about the importance of the mind map on everyday navigation and how this can 

be applied in an outdoor sense. Ponder the limitations of the mind map and what other 

tools we have at our disposal to augment this type of navigational process. What 

importance do place names have for our mind maps?  

Place Names 

It is helpful to know the official names of such features as rivers, mountains, lakes, and 

highways as found in or near the areas you are operating. Place names not only provide us with 

language to more effectively communicate matters of navigation to others, but they also offer us 

useful memory triggers around which to form solid mind maps.  

Forming mind maps 

Build familiarity: The more you travel in an area, the better your mind map will be. Walking a trail 

only once, usually creates a simplistic and linear mind map. 

Be sensitive to direction: Knowing the direction of your travels will help you make better use of 

your mind map. However, sensing direction can be difficult. Often, the sun will be your most 

reliable guide as it moves from east through south to west during the span of a day. When there 

is no sun, a prominent feature like a mountain top may help. In featureless terrain such a dense 

forest, there may still be clues. For example, moss or lichen will often grow better on the shady 

north side of the trees, especially in drier climates. 

Be observant:  While walking a trail, make note of key landmarks as you move.  Use a field 

book to note travel times between points and other important information.  Noting the names of 
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features will stimulate recall memory for later use and will help in communicating your 

observations to others.  

Look for patterns: In the city, knowing that house numbers increase in a particular direction will 

help keep you oriented. In the wilderness, there many patterns that are often place-specific. For 

example, where the rock is sedimentary, the easiest routes will flow with the bedding planes. 

Similarly, vegetation patterns are affected by things like how wet the climate is or the soil type. 

Recognizing the patterns of the area you work in will help you discover easy routes and avoid 

dense vegetation or soggy areas. 

Use a map: By studying a trail or topographic map of the area, the overall scope of a mind map 

will increase from what can either be experienced or observed to all that is encompassed in the 

area. A map will facilitate your ability to be more accurate in your spatial orientation.  This is also 

a very efficient way of swiftly creating a mind map of an area. Be aware that this does not 

replace the need for site visitation as many features are not shown on a physical map.  

 

A Word of Warning 

Familiarity with a place allows mind maps to work. However, familiarity can also create an over-

dependence and an over-confidence on a mind map. Be aware of the tendency for some to 

attach ego to their ability to use only a mind map to navigate. To offset this, outdoor leaders 

must be willing to utilize additional tools to confirm their mind map’s accuracy. This will be 

especially important to do in the following circumstances: 

• Heavily forested areas 
• Tundra or alpine meadow environments 
• Prairie grasslands 
• Poorly-marked routes through complicated terrain  
• Poor visibility due to weather 
• Darkness 
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Chapter 2 

Physical Maps 

 

Trail Maps 

A trail map is a representation of a piece of terrain with the major trails marked in it. Typically, it 

will be drawn to scale and contain a key so you can see how far the distance is between 

recognizable features like trail junctions. Figure 2 is such a map. Note that it has no marking to 

indicate which direction is North. By convention, you can assume that the top of the map is 

North unless otherwise indicated. Figure 2 is quite adequate for finding your way around Stanley 

Park, but it contains very little information other than the trails. If you become lost, there is no 

information to let you know where you are unless you can find a signpost. 

 

Trail maps may also include pictographic representations of more complex aspects of the 

terrain. The map of Waterton Park (Figure 3) contains a great deal of information including an 

intuitive representation of vegetation and topography. However, It would be very hard to 

calculate the elevation gains and losses along the trail. Nor would you be able to calculate 

Figure 2 
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whether a particular feature is visible from a particular point or hidden by some other feature. 

For this you would need a topographic map with contour lines.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Topographic Maps 

There are many types of maps, but the most useful map for the backcountry traveler in Canada 

is the 1: 50 000 topographic map. These maps cover all of Canada and are detailed enough for 

most purposes, but cover enough terrain that one or two maps will typically be enough for most 

day trips. This is the type of map we will be referring to whenever we say ‘map’. 

Be aware that while topographic maps and nautical charts share many common features, there 

are some important differences between a chart and map and this course will not address them. 

Figure 3 



 

GO (Use Maps) ©  
Outdoor Council of Canada / Conseil canadien de plein air 

 

7 

If you pick up a map, it is immediately obvious that there is a great deal of information there. 

This course will introduce the key types of information and teach how to use the map for trip 

planning and route finding.  

 

Map Colouring 

Most maps are coloured. While black and white topographic maps are available, they are much 

harder to read than coloured maps. 

Colour is used in two ways. Colour is used to distinguish water (blue) from dense vegetation 

(green) and sparse vegetation or rock (white). Colour is also used to distinguish two symbols 

that might otherwise be identical. For example, a blue stream can easily be distinguished from 

the brown contour line or the black street.  

 

The Conventional Signs 

Specific symbols and line styles help map users 

distinguish features. Without a key to tell you what 

these mean, you will not be very successful in 

reading the map correctly. On the most maps, that 

key can be found on the reverse side. To become 

an efficient map reader, you will need to learn the 

most common symbols. Most people have to turn 

the map over once in a while for the less common 

ones.  

Some symbols will also have some text next to 

them. For instance, a building might be marked as 

‘Motel’ or ‘Warden’s Cabin’. Many streams and 

other geographical features such as bays or 

mountains will also have their name attached. 

 
Figure 4 
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Contour Lines 

The map features described above are also found on simple trail maps. Most trail maps only 

present the landscape in two dimensions. While it is possible to mark some 3D features such a 

cliff on a trail map, such techniques are limited. For trips on flat terrain this presents no 

particular problem. However, in undulating terrain you need a map that can tell you more about 

the topography or 3D nature of the landscape too. A topographic map contains contour lines 

which can tell you a tremendous amount about the landscape, but they can be tricky to read. 

A contour line on a map is a line that joins points that are at the same elevation. A trail following 

a contour line is a flat trail. Following a contour line for long enough will bring you back to where 

you started. Where a contour line is complete in this manner and has no other contour lines 

within it, it either marks a summit or a hollow. In Canada, the complete loop usually marks a 

summit (see contour line around number 2435 in Figure 5).  

 Understanding how contour lines represent 

relief enables you to calculate how steep a trail 

is, if it is going up or down, and how much 

elevation change is involved. Contour lines 

also tell you what you should be able to see 

standing in a particular spot. In particular, key 

landscape features such as summits, ridges, 

and valleys can be found by looking at the 

contour lines. 

 

Terrain Steepness 

If your trail crosses contour lines it is either 

going up or down the slope. The closer the 

contour lines are together, the steeper slope. It 

is possible to calculate the average incline on 

the map, but this is not usually done. Typically 

experience will tell you how steep the terrain is 
Figure 5 
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when you look at a set of contour lines.  Figure 5 provides example of this subjective judgment 

concerning steepness. 

A word of warning, quite significant features can be hidden in between contour lines. A cliff that 

is less than twice the height between two contours could be hidden (see figure 6). This is 

because the contour lines only tell you the height at fixed intervals and tells you nothing about 

topography in between these elevations. In rugged terrain, it is quite common for small cliffs, 

steep sided gullies, and other small but important features to be invisible on the map.  

 

 

Direction of Slope and Elevation Gain 

In Figure 5 you can quite easily tell the direction of slope because there is a mountain top 

labeled, so everything else in that section of map is down. However, on a larger map section it 

is easy to become confused about which way a slope is going. To confirm the direction of the 

lope, consult the contour elevations marked on the map. 

In Figure 7, you can see that two contours are marked with specific elevation. The other contour 

lines are not marked. Each contour line to the left of the 2,000 m line will be higher than the one 

to the right. By following the contour closest to point B, you can see that it is higher than 

2,000m, while the contour line closest to point A is lower, so the trail gains elevation as you walk 

from A to B. 

 

Figure 6 
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In order to estimate how much elevation you will gain, you need to know the elevation gain 

between each contour. 

New Canadian NTS topographic maps are metric, but beware older copies may still be in 

imperial. On 1:50,000 NTS maps, the distance between contours is always 100 feet for an 

imperial map and 40m on metric maps. Some other topographic maps may use other contour 

intervals (25m is also common). In figure 7, point A is closest to the 2,120 m contour, and point 

B closest to the 2,280 m contour. The elevation gain is slightly more than 160m 

Note that the contours are grouped in fives with the fifth line being slightly thicker. This helps 

you count contours. On an imperial map the thicker line is a multiple of 500 ft. and 200m on a 

metric one. If using another map, check the interval of the contours (found in the index). 

Also note that 40m is greater than 100 feet. Thus, bigger features can be hidden in between 

contours. This means that the metric maps contain less information than do the imperial maps. 

A 25m contour interval shows more detail than either of the other two.  

 

Figure 7 
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Figure 8 

Spotting Terrain Features 

Contour lines can tell you a lot more than the steepness and direction of slope. Close reading of 

the lines can give you a rich understanding of the shape of the landscape. This is an important 

skill when traveling in rugged terrain. Figure 8 shows two valleys. One with a stream (stream is 

North of blue line with number 69) and one without (red arrow points to it). Although the stream 

makes it obvious that there is a valley, even without the stream you can find the valleys on this 

map. Notice how some contour lines bend into uneven U shapes. Those where the bottom of 

the U points towards a higher point indicate 

a valley. For example, in figure 8, the arrow 

labeled Valley points to the 2,200 m 

contour line. At that location in the map, the 

line bends and the bottom of the bend 

points towards the word Mount (this is 

where the summit would be found). This 

bend indicates a valley that in this case 

does not contain a surface stream. Note 

that the same contour line pattern, but on a 

smaller scale would indicate a gully (red 

circle). Another terrain feature can be 

found at the point of the lower red arrow. In 

this case, the bend in the contour is facing 

away from higher ground and this indicates 

a ridge.  

Once you have identified the larger features revealed by the contour lines, more subtle features 

can be found. For example, the shape of the contours in figure 9 reveals three creek bottoms 

with very different shapes.  
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The strong V in the contours in the first example tells us that both sides of the creek rise 

sharply. This sort of valley will be awkward to cross or walk up unless there is a trail because 

you will be on a side-hill everywhere. In the second example the creek is flowing down an open 

slope that is probably quite easy to walk on everywhere except close to the creek where the 

small sharp V suggests the creek has cut deeply into the slope. This sort of detail is easily 

missed, but crossing such a feature without a trail could be very tough. The third example 

suggests easy terrain everywhere near the creek. The contours are spaced evenly and the 

creek is not cut into the slope. 

 

Map Scale 

At the beginning, we said this course was about using a 1:50 000 topographic maps. This 

means that the distance between two points on the map represents a distance that is 50 000 

times greater in the real world. In practical terms that means that 1cm on the map represents ½ 

kilometer (50 000 cm = 500 m = ½ km). This scale can be found at the bottom of the map (figure 

10). 

 

 

 

Figure 9 

Figure 10 
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Identifying Visible Features 

Contours will also give you some clues about what is visible and 

what is hidden. In figure 11, there is a rounded summit at the 

bottom of the map. The summit is round, but the roundness rolls 

off into a big cliff on the Hawk Creek side. This cliff blocks the 

view of the summit from point B but not A.  

How do I know? In order to see the summit, I have to be far 

enough away from the cliff for the average slope of my sight line 

to be less than the final slope to the summit. Take a ruler and 

measure the distance between the two top contours that mark the 

summit. Now multiply that distance by the number of contours 

between the summit and each point. To be able to see the 

summit, that distance must be less than the measured 

(horizontal) distance. 

For point B: Distance between contours = 3 mm and number of contours = 12, so to see the 

summit, B would need to measure at least 36 mm from the summit. It only measures 25mm, so 

B won’t be able to see it. 

For point A: Distance between contours = 3.5 mm and the number of contours = 9, so to see the 

summit, A would need to measure at least 30.5mm from the summit. It measures 46mm, so A 

will be able to see it. 

 

Direction 

By convention, the top of the map is always North, the bottom 

South, the left West and the right East. Note that there are actually 

three types of North, but this is not important until we start to use a 

compass. To navigate by map alone, it is only necessary to know 

where North is in a general sense.  

         

  

Figure 11 

North 

East West  

South 

Figure 12 
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Map and Grid References 

Every map has a unique identifying code, and any particular spot on that map can be identified 

by a unique set of numbers called the Map Grid Reference. The 6-digit grid reference taught in 

this handbook is a short form of the Universal Transverse Mercator (UTM) coordinate system, 

which can identify any point on the globe with specific coordinates. The simple grid reference 

allows us to easily identify any point on a given map. Being able to interpret or create these 

references is an important skill. On occasion, critical features such as bridge or hut can be very 

difficult to find without this reference. More importantly, the rescue service may need your map 

and grid reference to locate you. 

 

Identifying a Map From the National Topographic System 

Each map has a name such as Banff and a number such as 82-O/4. The map of Canada is 

divided into 93 sections, of which map 82 is one. These large-scale maps are further divided 

into maps with a scale of 1:250 000. Each of these maps is identified by a letter. In this case it is 

the letter O. At the lower latitudes, the 1: 250 000 maps are arranged in groups of 16 (Figure 

14). The 1:250 000 maps are further divided into maps on the 1:50 000 scale with each of these 

smaller maps being distinguished by a number between 1 and 16. The 1: 50 000 maps are also 

arranged on a grid of 16 (Figure 10) 

M N O P 

 

13 14 15 16 

L K J I 

 

12 11 10 9 

E F G H 
 

5 6 7 8 

D C B A 

 

4 3 2 1 

Each square 
represent 1 map at 
1 : 250 000 scale  

Each square 
represent 1 map at 
1 : 50 000 scale 

Figure 13: Typical Layout of 1:50 000 Maps 
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Once you have identified the map you are using, you can identify any place on the map with a 

6-digit number.  This number is made up of three Easting numbers and three Northing numbers 

in that order.  

For example, look at the summit near the top of the map in Figure 14 between the words 

‘National’ and ‘Kootenay’. To find its grid reference, first find the Easting by looking at the blue 

numbers that run from west to east at the bottom of the map. The summit lies about one tenth of 

a square to the east of the grid line numbered 75, so our first three numbers are ‘751’. Looking 

at the numbers that run from south to north, we see that the summit is one tenth of a square to 

the north of 55. Thus, our Northing is ‘551’. Together they make the grid reference 751551. 

 

 

 

 

 

 

 

 

 

 

 

 

 

When Maps are Wrong 

Keep in mind that mapping errors do occasionally occur. Trails can be in the wrong place, 

glaciers smaller or larger than marked, etc. Also, the landscape changes with time. Bridges 

wash out, new roads are built. Consequently, don’t just assume the map is right.  

 

    Figure 14: A portion of map 82-O/4 
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Chapter 3 

Putting it all Together: Using the Map in the Field 

The purpose of this course is to help you gain the skills you need to plan a trip more effectively 

and orient yourself to the features around you while on the trail. For planning, you need to know 

things such as distances, elevation gains, good stopping spots, sources for water, possible 

tough sections, etc. For orientation, you will need to know how to recognize the features you 

see on the map in the real world, and how to find the features you see in the real world on the 

map. Some of these tasks, like calculating elevation gain are fairly straightforward. Some tasks, 

like identifying the real world feature you see on the map, are more challenging. For this latter 

task, many an expert has made a mistake and ended up getting lost. 

Imagine you are planning to walk from point A to point B in figure 15. How far is this? How much 

elevation gain? Where would be an appropriate spot to have lunch? Etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: A section of map 82 O/4 
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 To answer these questions, you might start by breaking the trip up into short sections and 

calculating times and distances. From this you might end up with a chart like that in Table 1 

(note that the time required for a section will depend on your group):  

Section Distance Elevation Gain               Travel Time  

Point A to Gibbon Pass   3.1 km 480 m  40 min + 100 min = 140 min 

Gibbon Pass to South Twin 

lake 
  2.5 km   - 240 m                                      40 min 

South Twin Lake to Arnica 

Pass 
  2.7 km 240 m  40 min + 50 min =    90 min 

Total   8.3 km 
net  480 m,  

cum. 720 m 
270 min, (or 4 hrs. 30 minutes) 

Table 1 

A standard calculation for fit adults is to allow 1 hour per 300 meter 
elevation gain, and add 15 minutes per kilometer distance. You will have 

to adjust these times depending on the condition and/or age of the group. 

Now that you have some idea of how long it will take to get from one place to another, you will 

have to add in some rest stops. Now it is time to look at the map again and imagine where the 

best stopping places are. The ideal spots will be nice and flat, have a good view, be sheltered 

from the wind and not have biting insects. In any case you should plan for a 15-min break at 

least once per hour. 

What does the map tell you about the section from Point A to Gibbon Pass? There are two key 

pieces of information here. The first is that it is mostly green. In the Rocky Mountains that 

probably means trees. However, the map indicates that the pass itself is tree-free. This makes 

sense because the tree line in the Rockies is around 2,300 m and the pass is right around that 

elevation.  

The second piece of information comes from the contours. They are pretty straight, which 

indicates there are no ridges or gullies, and they are evenly spaced. The distance between the 
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lines indicates a moderate slope. Basically, this looks like an uphill grunt without any particular 

change until you get close to the pass. The pass is too far for you to make it in one shot. Unless 

you have a very strong group you will need to make 2 stops. Note also that this hill faces south 

east and catches the morning sun. If it is a hot day you will need to stop more often than once 

for water breaks. Although no particular place seems different from any other place, you will 

need to make these stops in the middle of the climb. Add 15 minutes per stop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first place that meets the description of a good stopping place is Gibbon Pass.  The 

contours suggest it is gently rounded, and the lack of trees means it will have a good view. But 

Figure 16: A section of map 82 O/4 
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wind often gets channeled through passes. Despite the view, and the fact that it will be the 

perfect time for a stop, this might be a really miserable place to be on a windy day.  But the wind 

might not affect the pass on all windy days. Once again, the map gives you some key 

information. To the west and north there are steep cliffs and summits that rise 700 m above the 

pass. Unless the wind is very high, these cliffs shelter the pass from a west or north-west wind. 

It might be a very cold place when the north wind blows however. For a southwest wind, which 

is the commonest and often strongest winds in this area, it may not be so great. In any case, 

you would need to take another break in this general area. 

If you were to stop at this pass, in what directions would you be able see to a long way?1 There 

is a small lake above the Twin Lakes (under the B arrow). Will you be able to see it?2 

Using our system, it is only 40 minutes to South Twin Lake, but given it is downhill, it might be 

less. What will this section be like?  

The contours on the first 100 m drop from the pass are fairly close together, so expect a 

moderately steep descent, and then the contours widen, so the grade will decrease. The green 

suggests you will be in the trees shortly after leaving the pass, but you should still have good 

views of the cliffs to your west. Take a look at those cliffs, there is quite a big bowl in the middle 

and that will surely be a big avalanche start zone in winter, so don’t be surprised to cross an 

avalanche run out zone without trees opposite that bowl. This could be a good place for a stop if 

the pass was too cold for a proper stop. 

Once you are at the South Twin lake, what will you see? Unfortunately, a map of this scale will 

not tell you much about small features such as a small meadow, so perhaps there is no open 

place, or perhaps there is. What might you see from there?3 Will you be able to see that small 

lake yet (under the B arrow)?4 If you stopped at the pass, this would be too early for a stop 

unless the nature of the place makes it a must stop place. 

                                                
1 North and South 
 
2 No. Follow the contour from the pass around and you will see that it bows out so that a straight-line view 
from the pass to the lake is cut off by the cliff. 
 
3 If only between trees you should get some nice views across the lake and of the cliffs to the west. Since 
the cliffs rise right out of the lake it might be quite spectacular. 
 
4 No. You are below the lake, and so it cannot be visible. In fact, the lake is almost completely surrounded 
by a contour, so you would only see it as you came right up to it. 
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What will the next section to Arnica Pass be like? As can be seen, it will be mostly forested 

again. The grade will be easy for the 1st kilometer since the path only crosses one contour, and 

then once you cross the outlet stream from the North Twin lake the path will be of similar 

steepness as that up to Gibbon Pass. Your early calculations show this section as taking 90 

minutes. You will need to take a break. Where should it be? The obvious spot is by the North 

Twin Lake, but that is only 15 minutes away from the South Twin Lake. If you had a good stop 

at the pass perhaps consider making this your stop instead of the South Lake.  

Now you have considered all this information, you can create a more detailed trip plan (Table 2). 

This is your plan A.  

Location / Activity Time Period Distance Elevation Gained 

Point A 09:00 - - 

Hike first 3rd up to Gibbon Pass 09:00 - 09:50 1.1 km   160 m 

Water/snack break 09:50 - 10:05 - - 

Hike next 3rd up to Gibbon 

Pass 10:05 - 10:50 1.0 km   160 m 

Water/snack break 10:50 - 11:05 - - 

Hike to pass 11:05 - 11:50 1.0 km   160 m 

Lunch 11:50 - 12:20 - - 

Hike to North Twin Lake 12:20 - 13:20 3.5 km  ' -240 m + 40 m (= -200 m) 

Water/snack break 13:20 - 13:35 - - 

Hike to Arnica Pass 13:35 - 14:40 1.7 km 200 m 

Table 2 
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Appendix A 

Scope of Practice (Maps) 

The successful graduate of the OCC GO (Use Maps) course has demonstrated that they have 

an understanding of how to interpret the markings on a topographic map so as to: 

§ Recognize important terrain features. 
§ Calculate distance and elevation gain. 
§ Use a topographic map while constructing a trip plan.  

This module is not a leadership course. If the graduate wants to use the skills acquired in this 

module in an outdoor leadership context, they must acquire additional outdoor leadership 

training and must abide by the extensions and limitations within the scope of practice of this 

training.  

For the OCC Field Leader program’s Scope, this would mean validating their competence with 

other respected outdoor leaders and confirming with their supervisor that they can lead in more 

complex terrain.  

 

 

 

 

 

 

 

 

 

 

 

  


