Bushwalking Victoria

Handbook: Advanced Navigation

The 5 “Ds” of navigation

Description What are the “tick off" features and "catching features" en route?
Direction Which direction will you need to head on?

Duration How long will this leg take?

Distance How far is it to the intended destination?

Dangers Are there any dangers along the way?

DESCRIPTION: Keeping track of where you are at all times

The key skill is to keep track of where you are at all times. It is vital to keep a constant eye on the
terrain and relate this to the map as your walk progresses. You should be checking the immediate
and distant terrain, noting key features such as summits, knolls, crags, valleys, creeks, spurs, and
ridges. It also helps to be looking backwards to see where you've come from. All this information
helps you develop a feel for the terrain around you and where you are located within it. As you
pass by each feature, you can “tick it off”. This helps to continuously re-affirm your position. So, if
someone were to say, "Show me where you are on the map", then you should be able to point to
your location with a high degree of accuracy. It goes without saying that you must have your map

at hand and folded in a way that shows your route.

Note the way you hold the map. Always hold it to face the direction you are travelling, i.e., upside
down if travelling south. This means the features in the field will be aligned with the same features

on the map.

Ticking off features
This is about being observant, having your map handy, and checking your current position

continuously as your walk progresses, i.e., “thumbing the map”. When the weather is good and
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the skies are clear, it is usually easy to check your position as you walk. When the weather is poor
and visibility is limited, it may be necessary to follow a compass bearing and estimate how far you

have travelled using timing or pacing.

Catching features

These are prominent features that are beyond your objective for the walk. For example, you may
be aiming for a track junction that is in front of a particular peak, stream, or road. If you actually
reach the catching feature, although you have gone too far, you have limited your overshoot.
Obvious catching features will not always be present, but they can be manufactured, e.g., the

bearing on some prominent nearby peak.
DIRECTION: Specific navigation techniques

There are some specific navigation techniques to assist you to navigate accurately.

Aiming off

Aiming off is used when the target lies on a linear feature such as a ridge, stream, or track.

In the example shown in Figure 1, the task is to go from point A to the hut. The hut is situated at
the side of a prominent stream. If we head directly for the hut but don't hit it straight on, then we
won't know which way to turn to locate the hut. By intentionally 'aiming off' to hit the stream to

one side of the hut, we will know which way to turn.
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Figure 1. Aiming off to reach the hut.

Attack points

An attack point is a feature that is relatively close to your target but is more significant and easier
to find. In the example shown in Figure 2, the task is to go from point A to the hut. The knoll is
fairly close to the hut and will be easier to find. Locate the knoll first and then head in a new

direction to the hut. In this example, the knoll is the attack point.

Figure 2. Using an attack point to reach the hut.

Handrails

Handrails can be used when there is a linear feature that will take us towards the target.
Navigators should always be on the lookout for handrails, which are definite linear features such
as tracks, sharp-topped spurs or ridges, fence lines, etc., which are roughly aligned with your
intended course. In the example shown in Figure 3, the task is to go from point A to the summit.

The edge of the forest is a linear feature that can be followed towards the summit.
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Figure 3. Using handrails to reach the summit.

Back bearings

If you are not sure where you are, you can calculate your position on the map by using known
points of reference. For example, perhaps you are walking along a lengthy featureless ridge but
are not sure how far you have walked. In this case, you can use any identifiable features to either
side or ahead of the ridge that are also on your map to help you find your approximate position on
that ridge. Likewise, if you are uncertain where you are on the map, yet you can identify 2 or
preferably 3 features that are also on the map, you can calculate your position by resection or

triangulation.

Performing a resection or triangulation
e |dentify a feature that is shown on the map you have.
o Take magnetic bearings from your position to that feature.
e Convert that bearing to a back bearing (i.e., either add or subtract 180°).
e Convert the magnetic back bearing to a grid bearing.
e Now plot that bearing on the map by drawing a line from the known feature you have
selected in the direction of the bearing you have calculated.
e Repeat this procedure with 2 other known features on the map.
e Timing and pacing can also be used as mental catching features.

e There is a worked example in the section titled “Example of a resection (back bearing)”

towards the end of this document.
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DURATION: Walking speed

This is based on knowing the speed at which you are walking and keeping a note of when you left
your last known point. Walking speed varies and is dependent on a range of factors including
fitness, weight of rucksack, length of journey, wind, conditions underfoot, and slope angle. A
formula for estimating the time required for a journey was published in 1892 by the renowned
Scottish mountaineer, W.W. Naismith. There are numerous variations on this formula and
enthusiasts will discuss at length the merits of different models. However, useful estimates can be
made without going into great detail, and most people manage with just one or two versions of
Naismith's original calculations. The simplest formula combines the horizontal distance with the

height gained.

Naismith’s rule

For an average walker with a medium pack, allow 1 hour for:
e every 4 km of easy going
e every 3 km of easy scrambling

e every 1.5 km of very rough country/thick bush.

Then add:
e 1 hour for every 500 m of up

e 1 hour for every 1000 m of down.
This rule is for an average group.

e For fit experienced walkers reduce by a third.
e For larger groups or less experienced walkers, this rule may be optimistic.
e Generally, experience has shown that a fit backpacking party moves at an average of 3
km/hour in most normal situations.
Remember that it doesn't allow for rests or stops. Naismith's rule is a valuable navigation aid and

also a useful way of working out how long your entire route will take.
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Estimating

Don't always expect your timing and pacing calculations to take you right to the spot you are
heading for — look at the ground around you and compare it with the contours on the map. Can
you find anything that doesn't fit in? If so, be tenacious about finding out why it doesn't fit. Look

for other features that do make sense.
Make regular checks of time — elapsed time differences.

Remember! Accuracy with estimating speed/distance only comes with experience.
DISTANCE: You can estimate distance in several ways

Pacing

Pacing is often more accurate than timing, but it does require concentration. An average stride
takes about 60 double paces per hundred metres (a double pace is also known as a Roman pace —
hence the word "mile", which originated from a thousand Roman paces). You can find out your
own individual pacing figure by measuring out 100 metres and then seeing how many double
paces you take to cover the distance, or you can do it between known points on relatively flat
terrain. Going up or down hill or walking on rough ground or in deep snow can alter the number of
paces you take. You can estimate how many extra paces you need to take to complete 100 metres
at the end of every 60 double paces. It is best to measure the distance in hundreds of metres
rather than by working out the total number of paces needed for a particular navigational leg, e.g.,
if the target is 450 metres away and your personal pacing figure is 62, then count 62 paces for four

times (which gives you 400 metres) and then add the final 31 paces.

Timing
As background knowledge, be aware of how long it takes you to walk a given distance with and
without a pack, on flat and hilly ground, and on smooth and rough tracks. Use this knowledge to

estimate the distance you have walked on this particular excursion.
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Marking off distance
It is useful to have a way of remembering how many hundreds of metres you have paced —it's
easy to forget, especially if someone asks you a question halfway through the leg. One example is

to have a set of small stones/sticks and place one down for each 100 m.
DANGERS: Navigation in difficult conditions

Conditions such as poor visibility, foul weather, thick scrub, logs, cliffs, and steep or uneven slopes
make it very difficult to maintain exact bearings and to judge distances travelled. A competent
leader must have the ability to navigate in these conditions. If navigation is difficult, you could
nominate a temporary party manager to look after the group for as long as you need to

concentrate on the navigation.

Poor visibility may be caused by fog, heavy rain, whiteout, thick scrub, or darkness. This may be
forced upon the group by a sudden change in weather or may be due to a decision taken by the
leader. Travelling at night increases the difficulty of navigation and the risk of injury to party
members. The leader should consider carefully whether travelling at night is worth the added risk.
Torches and other artificial light can temporarily remove part of the natural ability to see in the
dark. If using these devices, it is best to cover the lens with some red material; you can then read a
map without fully destroying your dark adaptation. Note, however, that anything depicted in red

on the map will not be visible under red light.

Under conditions of poor or zero visibility, do not rely on a sense of direction. Even when following
a well-defined feature, consult your compass frequently and heed it. It is advisable to stick to well-
defined features as much as possible, e.g., tracks, sharp ridges, and spurs. When this is not
possible, compass traverses must be resorted to, but these should be kept as short as possible and
used to proceed from one well-defined point to another. Make full use of the navigational
techniques, such as catching features, attack points, aiming off, handrails, and methods of
negotiating obstacles. If each stage of the compass traverse is short and terminates at a well-

defined point, then any straying off course can be corrected without difficulty.
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In poor visibility (e.g., less than 100 m) on a flat featureless area, the party should travel in single
file with the navigator three or four places from the front. Appropriate corrections to the compass

line of march can be called, using the front person as the aiming point.

If following snow poles and the next pole cannot be seen, the ‘long cord” method should be
adopted. This involves sending one person out with the end of a cord that is long enough to reach
the next snow pole (usually 40 m). The person moves in an arc until the pole is found, and then the

remainder of the party follow (Gatty 1977).
Practical navigation: Planning your route

There are many factors involved in planning your route:

time of year, weather, water

e maps — availability/accuracy

location of campsites, escape routes, rivers

capabilities of the group.

What do you need to know before you go?

e |[s the route safe? (mineshafts, snow, fire)
e Do you have the required equipment?

e Is water available?

e Are the campsites at appropriate spots?

e |s there enough time without rushing?
Navigation tips in planning a route

e Generally, it will be easier to climb and descend via spurs rather than gullies, but look
closely at the map for any bluffs.

e North-facing slopes are drier and less scrubby.

e South-facing slopes are wetter and scrubbier.

e Granite country: gullies are easier; spurs have boulders.
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e Big climbs should be at the start of a trip or day.
Before you go, plan your route very thoroughly by using a route plan card for each day of your

pack carry.
Route plan cards

A route plan card is a simple method of recording the information gained about stages of the
proposed trip. It can take some time to prepare and will give a great feel of what should be
expected on the trip. If you have prepared route plan cards for a trip properly, you will almost feel
as if you have walked the trip before you go. To be useful, route plan cards should break your
intended route into logical stages. These should avoid a change of navigated direction or track
junction decisions within a stage. For each stage: list distance; estimate required time, and ascent
and descent distances; and provide brief information about the type of terrain likely to be

encountered. Predict your walking time using Naismith’s rule.
Challenging situations

Lost! “The map must be wrong!!!” This is a warning sign.

If you think you are lost, do not panic. Stop, sit down, make a cuppa, have a snack, and calmly
assess the situation. If you are the leader, it often helps to call a meal or snack break to occupy the
rest of the group while you assess the situation. Other group members can be assigned tasks to

look after or occupy the group if appropriate.

All leaders have their own style in dealing with pressure situations — some prefer assistance, while
others find ‘assistance’ distracting. Many group members are incapable of providing useful
assistance, and their involvement is counterproductive. However, those with good skills can be a
real asset in retrieving a lost group, and leaders need to assess early in each trip who has skills that

may be useful in the various emergency situations that may arise.

Navigation difficulties and a failure to deal with the situation successfully is a real challenge for the

leader and is the cause of the many leadership problems that can then eventuate.
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Check the map

The first thing to do is to get out the map, and align it with north, so it is pointing in the same
direction as the features represented on the ground. Determine the spot on the map where you
were last certain of your position, and estimate (or refer to your notes) when you were at that
point. Next, from the time elapsed, and your average speed, you can draw a circle that defines the
area you must be within. Then, considering the direction you were generally following over this

time, you should be able to narrow down the area in which you are now.

This technique should give a small- to medium-sized area within which you are most likely to be.
At this point, it is often worth heading to the highest clear point within say 200—300 metres of
your present position. Being higher offers a greater chance of recognising features on the ground
that can be located on the map. Always take careful note of your direction, distance, time, and
terrain if moving to try to relocate yourself, as this will help identify the high point or clear feature

on the map.

Plot back bearings

Once you get to this clear point, there will generally only be a few points on the map that are
possibilities for your position. Now is the time to perform a resection — plotting back bearings from
a number of prominent features, which will approximately intersect at your position. A small-scale
map covering a significant distance in all directions is very useful for this, as prominent and distinct

features that are off your map are of no use!

Take the bearing to the feature, apply the magnetic variation for the area, and plot the direction
on the map. Counting the number of hills and valleys can assist in establishing how far it is to the
feature concerned. Then do the same thing for another prominent feature — ideally at 90° to the
first one. A third feature will help confirm your approximate position. This will provide information

on where you are most likely to be.

Then comes the challenge of moving to confirm that this is correct. There are a number of options,
including: (i) retracing your steps, (ii) heading for the next feature on your planned route, (iii)

heading for a major, obvious, or catching feature that will be easy to locate with certainty, or (iv)
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heading for an easily found line feature, such as a ridge, river, road, or similar. The decision will

depend on the distance, type of country, terrain, etc.

Further options

If you still cannot decide on a direction to get you out of trouble, then:

Keep the party together.

Return to your original position and make camp, but do not camp too close to running
water as this may make searchers’ calls inaudible.

Light a fire close by, and make sure it is visible, especially from the air (smoky by day,
flaming by night).

If you have to go down for water, return to your original position with the water as soon as
possible. Take a bearing and return via the back bearing. This is especially important in
unfamiliar country, e.g., if you leave the group to check ahead and lose sight of them, the
back bearing will ensure that you return to the correct location.

If you decide to move, leave a clear trail (break sticks, mark trees, etc.) and leave messages

at campsites giving departure times, intentions, and physical condition of the party.

Survival

Some basic survival techniques include:

Minimise movements to conserve energy.

Keep under shelter or in the shade.

Keep the fire going.

Listen carefully for voices, shouts, whistles, engine noises, etc.

Give audible or visible distress signals — three consecutive signals regularly spaced and at
regular intervals. You can use: shouts, whistles, bangs, flashes of a torch or mirror,

distinctive waving of bright clothing, or smoke signals.

Module 8. Base Camps & Pack Carries 11
Handbook: Advanced Navigation ©BWV March 2024



Bushwalking Victoria

When others are lost

If one or more members of your party become separated, a brief reconnaissance search should be
initiated, but you must only send people out to search if they will not get lost themselves! If the
missing people are not located after 3—4 hours or longer in remote areas, you should assume that
they are totally lost. In this case, it is unlikely your party will have the resources necessary to

initiate a full-scale search and you should seek assistance as soon as possible.

If communication by mobile phone or other means proves impossible, a self-sufficient and
preferably fast-moving subgroup should be sent out to the nearest point of civilisation to obtain
help, while the others should remain near where the missing person/s were last seen. They should
make camp and, subject to fire risk/total fire bans, keep a visible fire going at all times as a
beacon. This reference group must not move until the whereabouts of all the party are known, or
until there is definitely no further value in staying in the same place. A policy of staying put rather
than moving will assist the rescue efforts. Only set off a personal locator beacon (PLB) if there is a
survival risk to the party and/or to the lost walkers(s). This can be impacted by weather, health
issues, food/water supplies, etc. It can be better to summon emergency services before a grave

incident is imminent so a rescue may occur before nightfall.
GPS and other navigation tools

Does this mean | no longer need a map and compass, or need to know how to read one?

No! Everyone heading into the bush needs to learn how to read a map, and to be able to navigate

effectively with a paper map and compass.

Why? First, even if you have a smartphone or GPS with fully detailed mapping, it can't read and
interpret the map for you! All it can do is show your position — being able to actually interpret the
map correctly remains an essential skill. Heading into the bush means you need to be able to
understand from the map what the terrain will be like, choose suitable routes from it, and be able

to make decisions around changing your route if you need to. The map has a wide reference area
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compared with the small screen on the GPS, whereas modern smartphones can have very good

screens for displaying maps.

Plans may also change — the weather may close in; heavy rain might mean that a creek won't be
crossable; there may be an accident — so, all walkers need to be able to look at the map and work

out the best way to adjust any route to deal with changing situations.

Second, even if you are a skilled navigator who can read a map well, and are happy using a
smartphone or GPS to navigate, a paper map and compass should still be carried at the very least
as a backup. Batteries could run down and although you can carry spares or a charger, there is still
a chance your phone or GPS could break or malfunction. So, it's essential to at least have a paper

map and compass as a reserve. If intending to use a GPS or phone for navigation then:

e having more than 1 party member with the same Applications/maps is desirable as is

carrying a power bank and suitable cables

e ensuring the party has the Emergency Plus App (for calling 000, providing accurate location

information, etc.), and that all navigation Apps and maps work offline, is wise.

The root cause of getting lost is usually a lack of adequate navigation skills, no matter what
technology is being used. In many cases, walkers do not have the skills to read a map or navigate
effectively. Some mistakenly think that carrying a smartphone or GPS means that they do not need

these skills, which is a recipe for disaster, for all the reasons given above.

The accuracy of navigation using GPS is only as good as the equipment, which needs to be suited
to the task. Before leaving for trips, leaders should acquaint themselves with and become
proficient in the use of GPS/smartphones if they are intending to place any degree of reliance on
this equipment. More importantly, they must have a sound knowledge of map reading and
navigating without the use of GPS/smartphones, because reliance on any one piece of equipment
could be disastrous. The datum used on the edition of the map being used must also be the same

in the GPS. This can be verified and set before commencing the walk.

Module 8. Base Camps & Pack Carries 13
Handbook: Advanced Navigation ©BWV March 2024



Bushwalking Victoria

Every bushwalker needs to learn how to interpret a map, and to navigate effectively using a map

and compass, including in poor visibility.

On most day and overnight walks, there is usually more than one communications device in the
group. Therefore, if one should fail there will be a backup. Also, small portable solar chargers will
solve the problem of flat batteries. GPS technology is a very good navigational backup and when
used with a map and compass is an excellent addition. However, it is imperative that a map and a
compass are the primary consideration and that the correct use of a GPS/smartphone is fully

understood.
Resource

www.bushwalkingmanual.org.au/emergencies/emergency-communications/

Smartphone apps for navigation

There are many navigation apps out there with varying features and of differing qualities.
Different clubs/individuals have different favourites. Recommended apps are those that are well-
supported with regularly updated maps and that have a free version. One can always buy extra

features later. The app should also download the maps for offline use.

First a word about maps. The vast majority of navigation apps use OpenStreetMap data for their
maps. OpenStreetMap is like the Wikipedia for maps. It is maintained by over 2 million map

enthusiasts.

Maps are also published by many government and private organisations but very few of these
have their own apps. Recently, many organisations have published their maps electronically

through the app Avenza.
The apps
e Organic Maps (organicmaps.app) (maps.me was recommended previously) is like a

worldwide street directory. It’s free, well maintained, very regularly updated, and very easy
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to use. Maps are downloaded by country/state/city. Positions are in Lat/Long, UTM, etc., if
you want them. Map data is from OpenStreetMap. It is used by many travellers and
bushwalkers to instantly locate where they are. Organic Maps has a number of benefits
over Maps.me for walkers: all features are free, it supports UTM and Long/Lat coordinates,
gives improved elevation profile information for walking routes, accepts both .gpx and .kml
files, etc.

e Terra Map (terramap.app) is ‘a rough and ready’ app used to plot a route or track where
you are going. It can easily plot photos too. It has a free, restricted download version. Maps
are downloaded as tiles. The free version only allows 3 tiles. Positions are in Lat/Long. Map
data is from OpenStreetMap with a contour overlay. It is used widely by bushwalkers and
mountain bikers.

e Avenza (https://www.avenza.com/avenza-maps/) is a fully functional navigational app

similar to a quality hand-held GPS. You can plot routes prior to leaving, plot tracks on the
move, attach photos to locations, measure distances, navigate to waypoints, and much,
much more. The app is unique in that it is linked to a library of about a million maps which
can be downloaded. This is how publishers (e.g., Parks Victoria, etc.) get their maps into a
navigation app. Maps downloaded via a PC and custom maps can also be loaded into
Avenza (limit of 3 for the free version). The app is well-maintained and regularly updated.
Positions are in Lat/Long/MGRS/UTM/WHAT3WORDS. This app is widely used in many
outdoor activities.

e Vicmap Viewer (https://www.land.vic.gov.au/maps-and-spatial/maps/try-vicmap-viewer-

app) is an app for purchasing and storing maps from Vicmap. It can export directly into
Avenza.
Some bushwalking club leaders use both Organic Maps and Avenza in addition to paper maps.
Organic Maps is used for quickly locating a position and Avenza for the usual navigation functions.
The other advantage is that both apps use different maps and so have double the available

information.

If you don’t mind spending a little money, the app Gaia GPS is worth a look. It comes in 3 versions:

the free version cannot download maps so is not very useful, but there are 2 subscription versions.

Module 8. Base Camps & Pack Carries 15
Handbook: Advanced Navigation ©BWV March 2024


https://www.avenza.com/avenza-maps/
https://www.land.vic.gov.au/maps-and-spatial/maps/try-vicmap-viewer-app
https://www.land.vic.gov.au/maps-and-spatial/maps/try-vicmap-viewer-app

Bushwalking Victoria

Subscriptions through the gaiagps.com website can be discounted and 5-year subscriptions are
discounted further. The general membership allows map downloads and access to many sets of
maps and air photos. Unfortunately, one needs Premium membership to access maps from
Vicmap if you want them. It is a fully functional navigational app similar to a quality hand-held
GPS, but with many types of maps available. Positions are in Lat/Long/MGRS/UTM. This app is
linked to the gaiagps.com website. On the website, one can plot potential walks and waypoints
and much more. The app and website continually sync so all the tracks in the app will appear on
the website and so on. Maps can be printed with an appropriate grid if desired. This is a bit more

than just an app — more a navigation/mapping system.

Reference

Robinson A. Navigation Resources: Bushwalking Victoria Website

Useful sources of information

Navigation theory

e Long, Steve. Hillwalking: The Official Handbook of the Mountain Training Walking Schemes.

United Kingdom and Ireland: Mountain Training; 2020.

e Gatty H. Nature is Your Guide. Australia: Fontana, Collins; 1977.

Weather & climate

e www.bom.gov.au — The Bureau of Meteorology website.
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Example of a resection (back bearing): Using Bogong Alpine Area map

Ed. 4

Imagine that you've just found a suitable tree under which to place a food drop to be collected
during the winter. When you try to use your GPS to precisely fix the location, you find that the

batteries are flat. If this has never happened to you, then trust me, it will.

So, what to do? Are you going to leave the food drop knowing that it will be buried under snow
and that you might have real difficulty identifying the right tree to dig down to find It? If you have
your map and compass, then you could simply locate yourself on the map by taking back bearings

from prominent things that you can see on the map.

In normal navigation, we navigate "TO" an objective by taking a grid bearing from the map and
then (for this part of Victoria) subtracting 12° from the grid bearing to get a magnetic bearing. We

then point the compass toward the objective so we are navigating "from map to ground".

When you take a back bearing, you start by pointing the compass "TO" the objective and reading
the magnetic bearing. To calculate the magnetic bearing "FROM" that objective, you simply add or
subtract 180°. We are now ready to go from "ground to map" by adding 12° to your magnetic
bearing to convert It to a grid bearing. If you:

e place the edge of the compass at the known point on the map

e and move the compass until the compass grid aligns with that on the map

e then the straight edge of the compass will point back to where you are standing.

But you don't know where you are along the line pointing back from that first objective so you
then take back bearings on 2 other known locations (preferably at least 30° different to the other
points). Ideally, these 3 lines would all converge on a single point but, realistically, it is more likely

to be a small triangle and the centre of it should be a good estimate of where you are on the map.

Would | rely on this to find my food drop location again? No way! When | got there in the winter, |
might find that the cloud was down and that | could not see any of the reference points that I'd

used for the original back bearings. What | would have learned from the experience is to always

Module 8. Base Camps & Pack Carries 17
Handbook: Advanced Navigation ©BWV March 2024



Bushwalking Victoria

carry a spare set of fresh batteries. I'd have used the back-bearing technique to read from the map

either a grid reference or a GPS location that | could then use with my GPS to find it again.
So, let's lllustrate this with the example shown in Table 1.

Table 1. Back bearings.

Feature Grid reference Magnetic bearing/Back | Grid bearing
from map bearing

Mt Cope 250133 176 + 180 = 356 008

Mt McKay 217190 282 —180 =102 114

Basalt Hill 280177 068 + 180 = 248 260

Position is 255173.

Reference

Hillard, John. BWV Leadership Trainer.
Route planning activity

You are asked to prepare a route plan card for an overnight pack carry in the Bogong Alpine Area

using the map provided.

Blank route plan cards are provided for you to fill in the details required for an overnight hike. Use

one route plan sheet per day.

The hike is 1 night overnight.

Refer to all the considerations involved in planning covered in this handbook.
Try to include some of the specific navigation techniques mentioned above.
Route plan card layout can be varied to suit the requirements of the trip.

Examples of route plan cards can be found in Trainers’ Notes: Class Activity Route Planning.
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