Map Reading and Navigation

1. Topographic Maps
A topographic map is a graphic representation of features that are on the earth’s surface. These
features include relief (eg. mountains, valleys), vegetation (eg. wooded and cleared areas),
hydrography (eg. rivers, streams, coastal flats) and cultural (eg. roads, geographic feature place
names, borders).

See Appendix 1 for further information.

2. How to read a topographic map — overview of features

2.1. Scale
The map scale tells you the ratio between distance on the map and distance on the ground
and the comparative size of features on the map. Some maps may have the scale as part of
the map naming:
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TOPOGRAPHIC & ORTHOPHO

All maps will have a scale associated with the legend:
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Typical map scales for bushwalking are:

Scale Distance ratio Example
1:25000 4cm on map = 1km on ground | Tidbinbilla 8627-2S
1:50000 2cm on map = 1km on ground

ACT 1:100000 Special (great for overviews

1:100000 | 1cm on map = 1km on ground .
from mountain tops)




2.2. Direction
The north point diagram shows the direction of:

rth value is
3 and moves
easterly by less than 0.01
degree per annum.

(From Canberra 8727-3N 1:25000)

True North (TN) — the direction of the earth’s geographic North Pole

Grid North (GN) — the direction of the vertical grid lines (eastings) on the map

Magnetic North (MN) — the direction from any point to the earth’s north magnetic pole.
Your compass needle points to MN.

The angle between GN and TN is called grid convergence. The angle between TN and
MN is called magnetic declination. Neither of these is used for bushwalking.

For map reading and navigation, the important angle is the Grid-Magnetic angle, the
angle between GN and MN. It varies across Australia. Use 13.5° in the ACT.

Topographic maps are printed so grid north points to the top of the sheet. This is
indicated by the north point diagram.



2.3. Bearings
A bearing is the clockwise horizontal angle, measured from north to a chosen direction.
Bearings are usually shown in degrees and range from 0° (north) to 360° (also north):

270




2.4. Map symbols - legend

Symbols are used to represent features on the ground. Larger scale maps show more detail
and a larger number of features:
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2.5. Map border markings
The map border on GDA based 1:25000 topographic maps presents additional information
on the various coordinate systems and datums.

See Appendix 2 for further information.



3. Specifying a Location on a map

3.1. Datum

Every map is based on a datum, a mathematical surface that best fits the shape of the
Earth. Australian maps are based on one of two datums:

Australian Geodetic Datum (AGD) — defined in 1966 and best fitted the shape of the Earth
in the Australian region only

Geocentric Datum of Australia (GDA) — defined in 1994, and is based on a mathematical
surface that best fits the shape of the Earth as a whole, with its origin at the Earth’s centre
of mass. Used by mapping authorities since 2000.

The datum is specified in the margin information on a topographic map:

To convert to the Australian Geodetic Datum 1966 (AGDE6), use the following conversions which
are accurate to + 5 metres within this map area.

Toconvert  GDA94 to AGD66 EXAMPLE = i
Latitude Increase by 5.6 seconds ~ Latitude S35° 30° oq increase by 5.6 54333_30 Oag S
Longitude Decrease by 4.4 seconds ~ Longitude E148° 45' 00 decrease by 4.4 = E148 T
Northing Decrease by 184 metres ~ 6071000m N decrease by 184 me}re= = 907081621

Easting Decrease by 113 metres  659000m E decrease by 113 metres = 658887m

For all practical purposes, no conversion is necessary from GDA94 coordinates to the GPS
satellite datum World Geodetic System 1984 (WGS84).

To obtain WGS84 height, increase the AHD height from this map by 19 metres.
WARNING Satellite (GPS) derived values may be in error by up to 20 metres.

Further details are available at hittp://www.Ipi.nsw.gov.au/gda/

TIDBINBILLA 8627-25

A location, specified in any coordinate system (see below), will vary by ~200m depending
on the map datum. So the datum must be specified when giving a location on a map.

3.2. Coordinates
Location coordinates can be specified as geographical coordinates or grid coordinates.

Geographical coordinates — specified as latitude or longitude, in degrees, minutes and
seconds (or in degrees, minutes and decimal minutes). Not used by bushwalkers (except
when communicating with rescue services).

Grid coordinates — specified as easting and northing values, in metres.

The usual grid coordinate system used by bushwalkers is the Military Grid Reference System

(MGRS), or GR. An example of specifying a location using grid coordinates is given in the
margin information on a topographic map:
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3.3. How to quote a Grid Reference
As an example, we want to quote the grid reference for the locked gate at Leura Gap:
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3.3.1. Locate the vertical grid line (easting) to the left of the point of interest. 61

3.3.2. Estimate (or use the relevant map scale measuring edge on your compass) the tenths
from the easting to the point of interest. 2

3.3.3. This gives an easting of 612

3.3.4. Locate the horizontal grid line (northing) below the point of interest. 55

3.3.5. Estimate (or use the relevant map scale measuring edge on your compass) the tenths
from the northing to the point of interest. 3

3.3.6. This gives a northing of 553
3.3.7. So the gate is at GR612553. However, this GR is only unique for this map and if it is to

be communicated to others, it must be suitably qualified to ensure absolute
uniqueness.

3.3.8. Qualifications — include the map datum (MGA/MGA94), so that someone using the
same named map, but based on AMG, will not plot the location ~200m away; include
the 100 000 metre square identification (and/or the map name), so that the location is
not confused with the same GR 100km away; include the Grid Zone Designation, so
that the location is not confused with the same GR 18° of separation away.



3.3.9. So the unambiguous location is:
GR 55H FA 612553 (MGA94) Rendezvous Creek 8626-1S 1:25000.

3.3.10. You'd better be able to do this to call in the rescue helicopter when you don’t have a
PLB!

3.3.11. Accuracy — note that a 6-figure GR (3-figure easting + 3-figure northing) places the
location somewhere within a 100m square. If you are able to estimate 4-figure eastings
and northings to produce an 8-figure GR, the location would be somewhere within a
10m square. Using a GPS which shows 5-figure eastings and northings, a 10-figure GR
can be quoted which, in theory, is accurate to the metre. However, due to various
factors, your GPS accuracy may only be 15m!

See Appendix 3 for further information.



4,

Landform Features on a Topographic Map
As bushwalkers, we need to be skilled at relating map to ground and ground to map. We need to
be able to visualise the going to be expected from an examination of map features.

4.1. Contour lines
Contour lines join points of equal height above sea level/elevation and represent the relief

of the terrain. For example, if there are many contour lines close together, the terrain is
steep. Contour lines that are far apart indicate land with gentle slopes. Contour values
read uphill, so as you read the contour numbers with the numbers up the right way, you
would be looking up hill.

Contour (Interval 10M)

10m
10m
Note that the steeper the
---------- slope, the shorter the —————
10m horizontal difference between

one contour and the next.

© Ashley Burke http://members.ozemail.com.au/~aburke/navigation.html| used with permission

The contour interval is printed in the map information:
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or can be deduced from counting the contour lines between numbered 100m contour lines.

4.1.1. Hill
A hill is represented by one or more concentric closed contour lines:
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41.2. Gully

A gully is a U or V shaped series of contours with the bottom of the shape at a higher
elevation. On the ground, gullies are found between spurs or drop away from
saddles and provide the means for creeks to form:
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4.1.3. Spur

A spuris a U or V shaped series of contours with the bottom of the shape at a lower
elevation. On the ground, spurs lead up to hills/mountains:
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4.1.4. Ridge
Aridge is indicated by two contours of equal elevation running generally parallel for
some distance:
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4.1.5. Cliff
Cliffs are marked by their specific map symbol:

S HEPMPLE

Cliffs may be in other areas and unmarked, particularly where contours come close
together.



4.1.6. Saddle

A saddle is an area on a ridge from where the elevation increases in both directions
along the ridge. The contours along the ridge will converge to the saddle and there

will possibly be two spurs facing each other. Gullies may form from each side of the
saddle:
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4.1.7. Steep Slope/Gentle Slope

The closer the contour lines, the steeper the slope. Conversely, gentle slopes have
contour lines spaced far apart:



4.1.8.

4.1.9.

Subtle Contour Features

These features are less obvious and require detailed examination of the map:

o NS

[This is a knoll or bump along a ridge that is too small to
igenerate its own closed loop contour. Where the ridge
icontours diverge and then converge again is a sign that
there is a small hill less than one contour interval in height
labove the surrounding ground. The top of the hill or bump
ican be assumed to be near where the contours are
furthest apart.

IThis is a saddle which is not deep enough to cause two

parallel contours of the same elevation to cross the ridge

land connect. Instead, parallel ridge contours come closer

together, as if pinched, but without actually joining. The

owest point in the saddle may be assumed to be near
here the contours are closest together.

IThis is a dent in the side of a ridge or slope. It may be the
beginnings of a gully that is too high in the headwaters to
form a channel or watercourse.

IThis is a bump on the side of a ridge or slope. It may be

lan outcrop of land on a slope causing localized flattening

jor the slope, or it may be the top of a small spur blending
into the slope.
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Visualising relief features

To increase our ease and confidence in the bush, we must be able to visualise

landform features from a map. Begin at home by plotting the profile of a feature,
then check it on the ground. Another technique is to examine an area of a map and
visualise the relief, then check it via Google Earth. See Appendix 4 for details.


http://members.ozemail.com.au/~aburke/navigation.html

4.2. Waterways
Don’t rely on the map marking as to whether there is water. A number of factors are

involved including:

4.2.1.

4.2.2.

Prolonged drought/dry summer

Direction of flow (south and east better than north and west)

Height and geology of headwaters

Landform carrying the waterway (deep valley more likely to be watered than wide,
shallow valley)

Swamp at headwater (a swamp is a sponge-like repository and water filter. A
watercourse with swamp at headwater more likely to have good water
downstream. Some Brindabella Range streams have sphagnum swamps at their
source).

Intermittent Stream
Only flowing at certain times of the year, or after rain, an intermittent (or non-
perennial) stream is marked by a feint blue line.

Perennial Stream
A perennial stream flows, or at least contains water, all year round. Marked by a
heavy blue line.
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4.2.3. Waterfalls and Cascades
A waterfall is denoted by a blue bar across the watercourse, sometimes
accompanied by the relative height. Waterfalls and cascades may also be present,
but not marked on the map, in areas where close contour lines cross the creek. A
short, steep section on a watercourse, in between two relatively flat sections, is
more than likely to contain falls or cascades.
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4.3. Roads, Vehicular Tracks, Four-wheel drive Tracks, Walking Tracks
4.3.1.... more to come

4.4. Vegetation

4.5. ... more to come



5. Test

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

5.9.

5.10

5.11.

5.12.

5.13.

5.14.

Your Map Reading and Navigational Knowledge - Questions

A datum is a mathematical surface that best fits the shape of the earth. All maps are based
on a datum. In Australia, maps such as those used for bushwalking (eg. 1:25000 topographic
maps), can be based on one of two datums, depending on the age of the map. What are the
names of these two datums? If you have a topographic map, find where the map datum is
specified.

A different datum is used for the global positioning system of satellites and may need to be
set in your GPS. What is this datum called?

For all intents and purposes the GPS datum is equivalent to one of the map datums used in
Australia. Which Australian map datum is equivalent to the GPS datum?

A handrail is a linear, natural or man-made, feature which assists in navigation. Name three
such features.

You take a bearing of 72°Magnetic to your next destination 1.3km away. It’s a hut right
beside a fire trail. You arrive at the fire trail but do not see the hut. Which way do you turn
to get to the hut — left or right? To prevent this sort of problem, you could deliberately walk
on a bearing of 62°Magnetic and, when the fire trail is reached, know for sure that turning
right along the fire trail will get you to the hut. What is this technique called?

You a walking with a ‘living legend’, a walk leader who has been walking for many years. A
halt is called south of Tidbinbilla Peak (on the way SW then NE to The Pimple) to check the
current location of the party. It’s a sunny day and you can see your objective. He uses his
old map and compass to determine the location, but asks you to confirm the location from
your GPS. You read off GR 70715E 76736S. He scratches his head, because he has
determined the location to be GR706765. What’s going on here?

A GPS ‘cold start’ is when the unit is turned on for the first time after a long period of no
use and/or is turned on many, many kilometres away from the last time it was used. Under
these conditions it may take several minutes before the GPS is registering an accurate
location and the unit may need recalibrating. What do you think a ‘warm start’ might be?

To convert a magnetic bearing from your compass to a grid bearing to use on your map, do
you add or subtract the grid-magnetic angle when walking around Canberra?

What is the value of the grid-magnetic angle around Canberra?

. Generally speaking, in the southern hemisphere, would you expect north and west facing

slopes to be hotter and dryer than south and east facing slopes?

Do you think it would be generally easier to navigate up a flowing creek system, or down?
What about spurs?

What is an attack point?
A location on a map is defined in map coordinates. For example, latitude and longitude are
geographical coordinates, but not often used by bushwalkers. What grid coordinate system

do you prefer to use when using a map? When using a GPS?

You are heading towards lunch on The Pimple. You stop your party at SH1555 and,
although you know that there is a spur to act as a handrail leading to the saddle before the



final climb to The Pimple, as an extra precaution, you measure the direction of your
objective from your current position. Using your compass and map, the bearing is
308°Grid. What bearing would you set on your compass to follow on the ground?

See Appendix 5 for answers.



6. Navigation Techniques
6.1 Aiming Off

Intentionally aiming to the left or right of your intended destination to a nearby linear
feature (handrail), so you have a known direction to turn once the handrail is reached. See
3min 18sec YouTube video here . For example, if you are heading on a compass bearing
directly for the cars on a road, you may arrive at the road but miss the cars. You would not
know which direction to turn to reach the cars. If you intentionally set your compass bearing
to the left of the cars, you could confidently turn right on reaching the road.

6.2 Attack Point

A point near your objective, easily identified on both map and on the ground, used to guide
you to your intended destination. See 3min 2sec YouTube video here . For example, you
are wanting to reach a hut in a forest. You identify a nearby creek junction and navigate to
that. Once there, the hut will be much closer and easier to find. As another example, after
setting your compass bearing to your destination, look on the skyline in the same direction
for a distinct feature (eg. hill or saddle) and walk towards it.

6.3 Conversion between Grid and Magnetic Bearings

In all but the south-west part of Western Australia (where Magnetic North is west of Grid
North):

Grid to Magnetic, Subtract the grid-magnetic angle (memory mneumonic "Get More
Sausages")

Magnetic to Grid, Add the grid-magnetic angle (memory mneumonic "MGA" - the
old sports car).

Obtain the grid-magnetic angle from your map:

co
easterly by less
degree per annum.

6.4 Catching Feature
A feature past your intended destination that lets you know you have gone too far. If you
miss the intended destination, the catching feature will assist in guiding you back to your

destination.

6.5 Handrail


http://www.youtube.com/watch?v=1hmevZkI24o&feature=related

A handrail is a natural or man-made linear feature which assists in navigation. Examples are
tracks, sharp-topped spurs or ridges, fence lines, creeks, cliff lines. Creek lines are not always
easy going, but it may be possible to travel parallel, just out of the denser scrub.

6.6 North from the Sun and your Watch

1 If watch set to daylight savings, convert it to standard time

2 When South of the Tropic of Capricorn, hold the watch with 12 pointing to the sun (check
by ensuring that the shadow of a vertical stick falls along the 12 axis)

3 NORTH is found by bisecting the angle between 12 and the hour hand.

6.7 Resection/Triangulation - Back Bearings - Where Am I?

So you're not sure where you are. You can find your position on your map by using known
points of reference.

1 Identify 2 (prefereably 3) features on your map and on the ground, as widely spread as
possible

2 Using your compass, take the magnetic bearing from your location to a feature

3 Convert the bearing to a back bearing by adding or subtracting 180° (ie. if your magnetic
bearing is 180° or less, then add 180°; if your magnetic bearing is greater than 180°, then
subtract 180°)

4 Convert the magnetic back bearing to a grid bearing (eg. around Canberra/Eastern
Australia, add the grid-magnetic angle. Remember MGA)

5 Plot the bearing on your map from the known feature by drawing a line from it in the
direction of the calculated grid bearing

6 Repeat steps 2-5 for the remaining features.

Theoretically, your location will be the point where the lines meet. In practice, the result is
usually a small triangle (when 3 back bearings are used), and your location is maybe
somewhere within that triangle (you are only inside the triangle if your error for each of the
3 bearings is in the same direction. The only safe bet is to say that you are somewhere near
the fattest part of the triangle).

The paper at
http://members.ozemail.com.au/~aburke/Navigation/NavigationCourseHandout.pdf has a
more practical 'real world resection' at section 2.8.3.



http://members.ozemail.com.au/~aburke/Navigation/NavigationCourseHandout.pdf

7. .. moretocome



Appendix 1 - Topographic Maps

1. Topographic maps at the 1:10000, 1:25000 and 1:50000 scales are produced by State
Government agencies. 1:25000 and 1:50000 scale maps are most suitable for bushwalkers. The
larger the scale of the map, the more area is covered on one map sheet, but less detail is
available.

2. The Department of Defence also produces topographic maps at the 1:50000 scale, primarily of
Northern Australia.

3. GeoScience Australia produces topographic maps at the 1:100000, 1:250000, 1:1 million, 1:2.5
million and 1:5 million scales.

4. 1:25000 Map Sheet Naming

What does the 8627 and 2S mean in a map name such as Tidbinbilla 8627-2S?

4.1 The 4-digit number is the number of the 1:100000 map containing the 1:25000 map. Each
1:100000 map covers an area of approximately 46 * 56 km or 30' of longitude * 30 of latitude'.
This area is divided into 4 1:50000 maps and the map names include the 4-digit number of the
1:100000 map, plus -1, -2, -3, -4 numbered clockwise from the NE. Each of these 1:50000 maps is
further divided into 2 1:25000 maps and the map names include the 4-digit number dash single
digit, plus either N for north or S for south.

4.2 For example, the 1:100000 map Brindabella 8627 is divided into the 4 1:50000 maps
Umburra 8627-1, Cotter 8627-2, Brindabella 8627-3 and Goodradigbee 8627-4. Umburra 8627-1
is divided into 2 1:25000 maps Taemas Bridge 8627-1N and Umburra 8627-1S. Cotter 8627-2 is
divided into 2 1:25000 maps Cotter Dam 8627-2N and Tidbinbilla 8627-2S. Brindabella 8627-3 is
divided into 2 1:25000 maps Brindabella 8627-3S and Bobbys Plains 8627-3N. Goodradigbee
8627-4 is divided into 2 1:25000 maps Couragago 8627-4S and Wee Jasper 8627-4N.

4.3 Geoscience Australia is responsible for 1:100000 and 1:50000 maps (plus other smaller
scales) and there is an excellent online engine at
www.ga.gov.au/bin/mapserv36?map=/public/http/www/docs/oracle/agsocat/geocat.map&ma

p_gaz x=0&map gaz y=0 which allows you to search these (and other) mapping layers.

4.4 Map names are unique across a particular scale, but can be repeated in another scale. For
example, there is a 1:100000 Brindabella 8627, a 1:50000 Brindabella 8627-3 and a 1:25000
Brindabella 8627-3S.

4.5 Going back up the other way, 6 * 1:100000 maps nest into a 1:250000 map. For example, the
1:250000 Canberra SI5516 map is divided into the 6 1:100000 maps Brindabella 8627, Canberra
8727, Braidwood 8827, Araluen 8826, Michelago 8726 and Tantangara 8626.

4.6 Have a look at www.ga.gov.au/nmd/mapping/number.htm for the good oil on Topographic

Map Numbering.
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Working with ACT 1:10,000 Planning Series Maps (the ACT Grid)

The grid references relate to the ACT grid, with Mt Stromlo having co-ords of 200,000mE and 600,000mN. See
http://www.actpla.act.gov.au/tools resources/maps land survey/surveying data/coordinate system. For example,
the MGA co-ordinates of Stromlo Trig (ACT E200000, N600000) are E682765, N6090037.

The map sheets referred to are the ACT 1:10,000 Planning Series and they are all available, many as 5-colour prints.

The map window extent is 8000m E-W and 6000m N-S. The sheet names are derived from the leading digits of the SW
corner of the sheet. Around the map border they also have AMG ticks.

I've attached an index of the series, so your client can easily search what he needs.

There is also a conversion calculator on the bottom of the page at
http://www.actpla.act.gov.au/tools resources/maps land survey/surveying data/coordinate system.

Thanks to Alex P in ACTPLA for the above information.

Working with ANG (Australian National Grid)

Alex P from ACTPLA is again 'da man' for providing the following information in sussing out the Mt Blundell prospect:

All is revealed. | got out an old Army 1:50,000 map and couldn't make any sense of the GR's. Then the penny dropped;
the GR given is from an older Army map series, that grid being in YARDS and the Northings origin is based on 34
degrees south latitude, being 800,000 yards. In this instance, the quickest way to convert from ANG (Australian
National Grid) to MGA would be by block shifts. Looking at the COTTER map, | see your site is a few hundred metres
west of Blue Range Rd, just inside the ACT. For this particular area, try the following:

The "full" co-ordinates for the GR are E185900yd, N641200yd. The co-ords for the NW corner of the COTTER sheet are
E176029yd, N645815yd (nearest yard, by calculation) and E659212m, N6097829m (nearest metre MGA, by
calculation)

The block shift for the NW corner of the COTTER (1:50K) and COTTER DAM (1:25K) sheets is +E498,250m and
+N5,507,300m (rounded to nearest 10m)

Take the yard values and convert them to metres by multiplying each by 0.9144, so 185900yd becomes 169987m and
641200yd becomes 586313m

Adding the block shift values above, your site has MGA co-ords of E 668,237m and N 6,093,613m.

Fortunately, | was able to check this by plotting both positions on the appropriate maps: they check out against
surrounding detail on both maps. The best way to reference your sites (providing you have clear sky) is to hold a hand-
held GPS unit over the site for about 2 minutes. That should give you co-ords based on WGS84 (which is about 1
metre different to MGA) to an accuracy of about +5 metres.


http://www.actpla.act.gov.au/tools_resources/maps_land_survey/surveying_data/coordinate_system
http://www.actpla.act.gov.au/tools_resources/maps_land_survey/surveying_data/coordinate_system

Appendix 2 - How to read a topographic map — overview of features

Grid convergence, the angle between GN and TN, varies across Australia, its magnitude and
direction east or west of TN being usually less than 2°.

Magnetic declination is the angle between TN and MN. Hence Grid-Magnetic angle = Grid
convergence + Magnetic declination. The following diagram is taken from GeoScience Australia
at http://www.ga.gov.au/image cache/GA16056.jpg.

AGRF2010 Declination at Epoch 2010.0
100 110° 120° 130° 140° 150° 160° 170° 180°

|
100° 1o 120° 130° 140° 150° 160° 170° 18_0'

Decinaten {rad) cortowrs in degrees. Annual change of dadinalion (biue) contours in Ac-minutes per gar_.
Tha creular bouncary marks the lnt of 1he AGRF medel, Conlours ouls e the arde are derned Sum IGRT-11

The red lines are isogonals, lines joining places with equal magnetic variation. They do not, as is sometimes
supposed, themselves point in the direction of Magnetic North. It might be expected that isogonals would
follow a regular pattern but the earth’s magnetic field at any point is affected by the land and mountain
masses and the presence of metallic ores. Therefore, the isogonals are pulled out of shape and follow no
regular pattern.

The whole point of this diagram is to demonstrate that the Grid-Magnetic angle varies across
Australial

Thus the Grid-Magnetic angle ranges from about 5° west of true north in Western Australia to
about 15° east of true north in eastern Australia.

As an example near/in the ACT region, the west to east series of Second Edition 1:25000
topographic maps Bobbys Plains, Cotter Dam and Canberra have Grid-Magnetic angles of 13.2°,
13.4° and 13.6°.


http://www.ga.gov.au/image_cache/GA16056.jpg

5. Additional Information on map borders:
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¢ The latitude and longitude of the map corner: 35°30°00” 149°00°00”, in black for the datum of

the map
¢ The full easting and northing of the first grid lines from the corner, in black for the datum of

the map: 682000mE (MGA) and 6070000mN (MGA)
e Blue tic marks with the full easting and northing of the first grid lines from the corner, in blue

for the AMG datum: 682000mE (MGA) and 6070000mN (MGA)
¢ Eastings for the datum of the map are marked in black at 1000m intervals across the border:

83, 84, 85, .... Eastings for the AMG datum are marked with blue tic marks in 1000m intervals

across the border: 85, ...
¢ 5" increments of longitude are marked across the border. The alternating black and white map

margin indicates minute increments
¢ Northings for the datum of the map are marked in black at 1000m intervals up the border

¢ Northings for the AMG datum are marked with blue tic marks in 1000m intervals up the border
¢ 5" increments of latitude are marked up the border. The alternating black and white map

margin indicates minute increments

¢ If the 100000 metre square identification changes on the map, it is noted on the map border:
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Appendix 3 - Specifying a Location on a map

1. Anupdated version of the AGD datum, known as AGD84, was adopted by some Australian States
in 1984. AGD84 coordinates are based on the same datum as AGD66 and for map reading and
navigation purposes can be regarded as being the same.

2. The primary reason for the introduction of GDA is the widespread use of satellite-based
navigation systems such as the Global Positioning System (GPS), which is based on a geocentric
datum known as the World Geocentric System 1984 (WGS84). For most practical purposes,
WGS84 and GDA coordinates are the same.

3. AGD/AMG, GDA/MGA? Strictly speaking, AGD66 is used for geographical coordinates based on
the AGD; AMG66 is used for grid coordinates based on the AGD; GDA94 for geographical
coordinates based on GDA; MGA94 for grid coordinates based on GDA.

4. So if the grid coordinates (UTM or GR) of a location change when a different datum is used, do
the geographical coordinates (Lat/Long) change too? Yes, of course they do.

“GDA94 uses a slightly different figure (ellipsoid) of the earth to AGD66. Additionally, the
AGDG66 figure is twisted off-axis so as to better fit the shape of the earth in the vicinity of
Australia. Consequently, the Equator and Greenwich meridian are in different places with
respect to both ellipsoids.” (Alex P, an ACT Government surveyor)

5. Geographical Map Coordinates - Latitude and Longitude: Any point on the earth can be uniquely
identified by its geographical coordinates, given as latitude and longitude. Latitude is the angular
expression of the distance north or south from the equator (0° latitude). The South Pole is at
90°S and the North Pole at 90°N. Longitude is the angular expression of the distance east or west
from the imaginary line known as the Prime Meridian - 0° longitude on all maps. Latitude and
longitude are measured in degrees (°), minutes (') and seconds ("). Each degree is divided into 60
minutes and each minute is divided into 60 seconds.

Thus, Mount Tennent, near Tharwa in the ACT, could be described as being located at
35°33'00"S, 149°2'40"E (GDA94). Quite a mouthful.

6. Grid Map Coordinates - UTM Grid: To simplify the use of maps and avoid the use of curved
reference lines, a rectangular grid consisting of two sets of straight, parallel lines, equally spaced
and set perpendicular to each other is superimposed on a map. Such grids are usually identified
by the name of the projection used to represent the curved earth's surface on a plane. A popular
projection is the Transverse Mercator projection which is the basis of the Universal Transverse
Mercator grid. An excellent treatment is at Locations in Tasmania: The UTM System. To prevent
area distortion, the world is divided into 60 north-south zones, each covering a strip 6° of
longitude wide. The zones are numbered consecutively beginning with Zone 1 between 180° and
174°W longitude and progressing eastwards to Zone 60 between 174° and 180°E longitude. This
gives a Zone Number:



http://www.geol.utas.edu.au/censis/locations/spautm.html

UTM Zone Numbers
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- Universal Transverse Mercator (UTM) System

In the middle of each of the 60 Zones is a pole-to-pole line called the Central Meridian. This
Central Meridian is allocated an Easting value of 500,000 metres (this is done so that there will
be no negative easting values).

Petar H. Dana Q784

The Northing value is measured, in a northerly direction, from the equator. Again, so that there
will be no negative northing values, the equator is allocated a Northing value of 10,000,000
metres.

Thus, Mount Tennent, near Tharwa in the ACT, could be described as being located in Zone 55 at
685,314E (Easting), 6,064,038N (Northing) (MGA94).

In addition, each of the 60 zones is divided into 8° blocks of latitude. Block C covers 80°S to 72°S
and so on northward, omitting the letters | and O. The final Block X covers 12° of latitude. This
gives the Zone Letter.

The combination of Zone Number and Zone Letter provides a Grid Zone Designator.

The central slice of NSW, including all the ACT, is in Zone 55H. Now Mount Tennent, near Tharwa
in the ACT, could be described as being located in Zone 55H at 85314E, 64038N (MGA94). Once
the zone block is specified, the leading hundred thousand can be dropped from the Easting and
leading million dropped from the Northing.

Grid Map Coordinates - MGRS (or just GR) Grid: The Military Grid Reference System is an
extension of the UTM system. The UTM zone number and zone letter are used to identify an
area 6 degrees in east-west extent and 8 degrees in north-south extent. The UTM grid zone
designator is followed by 100 km square easting and northing identifiers. The system uses a set
of alphabetic characters for the 100 km grid squares. Starting at the 180 degree meridian the
characters A to Z (omitting | and O) are used for 18 degrees before starting over. From the
equator north the characters A to V (omitting | and O) are used for 100 km squares, repeating
every 2,000 km. Northing designators normally begin with 'A' at the equator for odd numbered
UTM easting zones. For even numbered easting zones the northing designators are offset by five
characters, starting at the equator with 'F'. South of the equator, the characters continue the
pattern set north of the equator. (Complicating the system, ellipsoid junctions (spheroid
junctions in the terminology of MGRS) require a shift of 10 characters in the northing 100 km




10.

grid square designators. Different geodetic datums using different reference ellipsoids use
different starting row offset numbers to accomplish this.):
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100,000 Meter MGRS Squa;% Designators

The UTM zone designator and the two 100 km square characters are followed by an even
number of digits representing easting and northing values. If 10 digits are used, a precision of 1
metre is assumed. 2 digits imply a precision of 10km. From 2 to 10 digits the precision changes
from 10km, 1km, 100m 10m, to 1m.

Thus, Mount Tennent, near Tharwa in the ACT, could be described as being located at 55H FA
8531464038 (MGA94). Normally, this is shortened to GR853640 (MGA94) (giving 100m accuracy
and with the nearest same GR being 100km away - hence a 100km square two character
identification would be needed and, if reporting beyond 18°, the Grid Zone Designator).

To convert from geographic to grid coordinates, use the calculator at
http://www.ga.gov.au/geodesy/datums/redfearn geo to grid.jsp.

To convert from grid to geographic coordinates, use the calculator at
http://www.ga.gov.au/geodesy/datums/redfearn grid to geo.jsp.

GR accuracy — note that a 6-figure GR (3-figure easting + 3-figure northing) places the location
somewhere within a 100m square. If you are able to estimate 4-figure eastings and northings to
produce an 8-figure GR, the location would be somewhere within a 10m square. Using a GPS
which shows 5-figure eastings and northings, a 10-figure GR can be quoted which, in theory, is

e


http://www.ga.gov.au/geodesy/datums/redfearn_geo_to_grid.jsp
http://www.ga.gov.au/geodesy/datums/redfearn_grid_to_geo.jsp

accurate to the metre. However, due to various factors, your GPS accuracy may only be 15m!
And to top it off, the map might not be that accurate:

RELIABILITY Horizontal: 90% of well defined detail is within 12.5 metres of true position.



Appendix 4 — Visualising relief features

1.

Plotting a feature from a map

Step 1 — Draw a pencil line on the map covering the profile to be plotted

Step 2 — Place the edge of a piece of paper along the line and mark where major contour lines
cross. Write down the heights. 100m contour lines may be sufficient; marking additional lines
will give more detail to the profile. Include specific heights such as Spot Heights

Step 3 — make a rough graph of the heights and join the dots.

The example below is a profile of the Gudgenby saddle area, as seen from the east. Note that
the edge of the paper has been raised slightly off the profile line, just to show what’s going on:

Plotting a relief feature

How does it compare with actuality?



Photograph of Gudgenby saddle and Mt Gudgenby

2. Google Earth view

Gudgenby saddle and Mt Gudgenby from Google Earth



8. Appendix 5 — Test Your Map Reading and Navigational Knowledge - Answers

8.1. Australian Geodetic Datum 1966 (AGD66)
Geocentric Datum of Australia 1994 (GDA94)

To convert to the Australian Geodetic Datum 1966 (AGD86), use the following conversions which
are accurate to + 5 metres within this map area.

Toconvert  GDAS4 to AGD66 EXAMPLE ; i e
Latﬁude Increase by 5.6 seconds ~ Latitude S35° 30° 00" increase by 5.6 '=_>3:> 30 OSE 5
Longitude Decrease by 4.4 seconds ~ Longitude E148° 45' 00" decrease by 4.4" = E148 4N 0b:
Northing Decrease by 184 metres  6071000m N decrease by 184 metres = 9070816m

Easting Decrease by 113 metres  659000m E decrease by 113 metres = 658887m E

For all practical purposes, no conversion is necessary from GDA94 coordinates to the GPS
satellite datum World Geodetic System 1984 (WGS84).

To obtain WGS84 height, increase the AHD height from this map by 19 metres.
WARNING Satellite (GPS) derived values may be in error by up to 20 metres.

Further details are available at http://www.Ipi.nsw.gov.au/gda/

TIDBINBILLA 8627-25

8.2. World Geocentric System 1984 (WGS84)

8.3. GDA9%4 = WGS84

8.4. Handrails include ridges and spurs, creeks, cliffs, management trails, fence lines.

8.5. Aiming-off

8.6. Your walk leader is using a map based on AGD66 datum. Your GPS is set on WGS84 or
GDA94 datum. A 6-figure grid reference is usually of sufficient accuracy for a map check
under ideal conditions; your GPS will always show a location down to the 1 metre (although
will not be accurate to this level). You are both in the same location, at SH1556.

8.7. A warm start is an update on a recent position fix. For example, turning on your GPS within
30 minutes of its last use.

8.8. MGA. Magnetic to Grid, Add the grid-magnetic angle.

8.9. Around 13.5°

/ Grid-Magnetic
Angle
13.6 degrees

Magnetic North value is
correct for 2003 and moves
easterly by less than 0.01

degree per annum.



8.10.

8.11.

8.12.

8.13.

8.14.

Generally yes, north and west facing slopes are hotter and dryer; south and east facing
slopes are cooler and damper.

It is generally easier to navigate down a creek system because, whenever you come to a
junction, you follow the water flow down. If navigating up a creek system and a junction is
reached, there is a choice of arms to be taken. It is generally easier to navigate up a spur
as, when a branch point is reached, you continue up. If navigating down a spur system,
when a branch is reached, a bearing may be required to decide which branch spur to
continue down.

An attack point is a feature that is relatively close to your target, but is more significant and
easier to find. First navigate the easier leg to your attack point, then the short leg to your
objective. When moving on a compass bearing a similar technique can be used if a more
distant object (eg. a prominent hill or saddle) is in the same direction. Look up and move
towards the object, occasionally checking your direction using your compass.

The most commonly used grid coordinate system is Military Grid Reference System (MGRS,
or GR). Make sure that your GPS is set to the same grid coordinate system and not
something else (such as UTM). In addition, ensure that your GPS is set to the same datum
(AGD or GDA = WGS) as the map you are using.

GMS. Grid to Magnetic, Subtract the grid-magnetic angle. 294.5°M.
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