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Copyright Notice

This presentation is protected by US and International copyright laws.  
Reproduction and distribution of this presentation without written 
permission of the sponsor is prohibited.

© 2022
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Copyright Notice

Do NOT post or upload copies of this 
presentation on the WEB!
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Terms and Conditions of Use

This slide set was designed to aid Scouters and Scouts to work on Map 
Reading and Navigation Skills.

Scouts, Merit Badge Counselors and other Scouters are free us use this 
material for teaching and learning Merit Badge requirements.  Use of 
material in other scout related classes is also acceptable.

You may modify (add, delete, change) the slides for your own 
personalized use.

Do not post original or modified versions of these slides on the internet.

Questions?  Contact the owner. 
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Disclaimer
This PowerPoint slideshow was designed to be used to prepare scouts for 
the Map Reading and Navigation Requirements and nothing more. 

Information here should help you complete your rank or merit badge 
requirements, but supervised real-life experience is needed to learn these 
skills.

Navigation in urban and non urban areas is dangerous.   Proceed at your 
own risk. 

Examples used and opinions shared do not reflect policies of the BSA, your 
local council or any other person or entity related to this presentation.  
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Requirements

Requirements
• Map Reading is required in:
• Orienteering Merit Badge
• Geocaching Merit Badge
• Backpacking Merit Badge
• Snow Sports Merit Badge
• Search and Rescue Merit Badge
• BSA Rank Requirements
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Requirements

Requirements – Scout Rank – Second Class
3a. Demonstrate how a compass works and how to orient a map. Use a map to point out and tell the meaning of 
five map symbols.

3b. Using a compass and map together, take a 5-mile hike (or 10 miles by bike) approved by your adult leader and 
your parent or guardian.2

3c. Describe some hazards or injuries that you might encounter on your hike and what you can do to help prevent 
them.2

3d. Demonstrate how to find directions during the day and at night without using a compass or an electronic device.
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Requirements

Requirements – Scout Rank – First Class
4a. Using a map and compass, complete an orienteering course that covers at least one mile and requires measuring 
the height and/ or width of designated items (tree, tower, canyon, ditch, etc.).

4b. Demonstrate how to use a handheld GPS unit, GPS app on a smartphone, or other electronic navigation system. 
Use GPS to find your current location, a destination of your choice, and the route you will take to get there. Follow 
that route to arrive at your destination.
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Navigation

Map and Compass Skills
• Vital skill set required for backcountry adventures

o Helps prevent you from getting lost
o Helps you re-find your location when lost
o Helps you plan out your trip

▪ Good places to sleep
▪ Good places for resources such as water and fish
▪ Find places to explore or for view
▪ Identify places to avoid  

12



Version 27 Apr 2019

Map Reading



14

USGS Topographical Map

viewer.nationalmap.gov/basic

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://viewer.nationalmap.gov/basic/
https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Map Legend

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdfMap Originally 1:24,000 Scale

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Topographic Maps

Contour Lines
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Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 

18

WA_Sedro-Woolley_South_20200305_TM_geo.pdfMap Originally 1:24,000 Scale

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdfMap Originally 1:24,000 Scale

Hill

Lake

Terrace

Steep 
Slope

Gentle
Slope

Creek

Unpaved
Road

Open
Area

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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USGS Map Symbols 

pubs.usgs.gov

pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf

https://pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf
https://pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf
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pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf

https://pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf
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pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf

https://pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf
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pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf

https://pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf


24

pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf

https://pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf
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Compass
26

Surveying Compass

Image Source: brunton.com

• Extremely accurate
o Engineering
o Surveying 
o Artillery
o Caving 

• NOT for Orienteering
o NO Bearing ring
o Bulky
o Needs protractor

• Adjustable Declination
• Air filled needle housing
• Expedition Quality
• Needle lock
• Extremely Expensive

Brunton Transit

https://www.brunton.com/collections/professional-geology/products/standard-transit-1


Compass
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Lensatic Compass

Image Source: cammenga.com

7 Radioactive 
Tritium Lights

Precision Sights

Adjustable Bevel

Magnifying 
Lens

Precision Sights

Rouged Clamshell and Non-Liquid Design
Water, Sand and Freeze proof

Needle Ring Locks In Place During Transport
Copper Induction-Damping Ring

Quickly Steadies Needle

• Very accurate for 
measuring azimuths

• Glows at night
• Expedition durability 
• Base NOT transparent

o Need protractor
• NO declination 

adjustment
• Expensive
• Bulky 

Cammenga Tritium 3H

https://cammenga.com/product/compasses/tritium-compass-3h/


Compass
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Mirror Compass

suunto.com/en-us/Products/Compasses/Suunto-MC-2-Global1/Suunto-MC-2-G-Mirror-Compass

• Excellent Compass
• Expensive
• More than what you 

need for orienteering  

SUUNTO MC-2 G

• Excellent compass
o Adjustable declination 
o Global option

▪ Fast jewel bearing
▪ Southern hemisphere usable
▪ 20° tilt margin

• Mirror 
o Accurate long-range azimuth
o Signaling device 

• Magnifying Glass
o Fire starter
o First-aid

• Clinometer 
• Made in Finland

Sight 

https://www.suunto.com/en-us/Products/Compasses/Suunto-MC-2-Global1/Suunto-MC-2-G-Mirror-Compass


Compass
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Baseplate

Declination Scale (fixed)
Compass Needle
Orienting Lines

Declination Adjustment (Some models) 

Stencil Hole

Scales

Rubber Friction Feet

Clinometer (Some models) 

Liquid Filled Capsule

Turnable Compass Housing (Bezel)

Graduation Ring

Index Line

Magnifying Lens

Direction of Travel Arrow

Luminous Marking

The Baseplate Compass

silva.se/app/uploads/2019/04/compass-manual-baseplate-compasses-eng.pdf

Orienting Arrow

• Very versatile 
• Transparent
• Simple
• Economical options

o Often get you pay for
• Quality varies 

https://silva.se/app/uploads/2019/04/compass-manual-baseplate-compasses-eng.pdf


Compass
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Orienteering Compass

Image Source: suunto.com/en-us/Products/Compasses/Suunto-AIM-6/Suunto-AIM-6-NH-compass

SUUNTO AIM-6 NH COMPASS

• Bare minimum for 
Orienteering

• Lightweight
• Hands free
• Lack versatility   

Rotating Orienting Lines

Direction of Travel 
Straight Edge/Pointer

Thumb band

AIM sectors

https://www.suunto.com/en-us/Products/Compasses/Suunto-AIM-6/Suunto-AIM-6-NH-compass/


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Measure Distance

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Compass

Magnetic Declination 
Magnetic declination is an important concept to understand when using a 
magnetic compass
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Compass

Magnetic Declination 
A compass doesn’t point at the North Pole
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Image source: sos.noaa.gov

https://sos.noaa.gov/datasets/earths-magnetic-declination/


Compass

Magnetic Declination 
The Earth creates its own magnetic 
field from the electric currents created 
in the liquid iron-nickel core.
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Image source: sos.noaa.gov

https://sos.noaa.gov/datasets/earths-magnetic-declination/


Compass

Magnetic Declination
The poles also slowly move over time…
Now more than 30 miles per year
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Image source: sos.noaa.govImage source: usgs.gov

https://sos.noaa.gov/datasets/earths-magnetic-declination/
https://www.usgs.gov/media/images/declination


Compass
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Image source: ngdc.noaa.gov

https://www.ngdc.noaa.gov/geomag/WMM/


Compass
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Image source: ngdc.noaa.gov

https://www.ngdc.noaa.gov/geomag/WMM/


Compass

Magnetic Inclination
The earth’s magnetic field is 3 dimensional
• Northern Zones – Needle dives
• Magnetic Equator – Needle balanced
• Southern Zones – Needle climbs

43

North
Pole

ngdc.noaa.gov/geomag/faqgeom.shtml

https://www.ngdc.noaa.gov/geomag/faqgeom.shtml


Compass

Magnetic Inclination
A needle on a compass will dip and rise with the Earth’s magnetic field
• Most compasses are balanced to compensate for inclination

o A compass balanced for the USA will drag in Australia
o A compass balanced for Australia will drag in the USA

44

Unbalanced Needle

Northern Zone 
Magnetic Field

Balanced Needle



Compass
45

“Global” Compass

suunto.com/en-us/Products/Compasses/Suunto-MC-2-Global1/Suunto-MC-2-G-Mirror-Compass

SUUNTO MC-2 G

• RECTA and Suunto Global Needle System
o Compass needle and magnet are built as separate units
o Needle fixed at its pivot by means of a double bearing

▪ Magnet rotates on a pivot with its own jeweled bearing
▪ Needle does NOT dip with magnetic inclination

Unbalanced Needle Global Needle

https://www.suunto.com/en-us/Products/Compasses/Suunto-MC-2-Global1/Suunto-MC-2-G-Mirror-Compass


Compass
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Image source: ngdc.noaa.gov

https://www.ngdc.noaa.gov/geomag/WMM/image.shtml
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Magnetic Declination

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Magnetic Declination

NOAA Declination Calculator

https://www.ngdc.noaa.gov/geomag/calculators/magcalc.shtml?


Compass

Magnetic Declination – Conversions
Converting between Grid and Magnetic North requires a bit of math
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GN

15°41’
279 MILS

0°36’
11 MILS

GN

15°41’
279 MILS

0°36’
11 MILS

East Declination West Declination 

To convert a 
Magnetic Azimuth to a 

Grid Azimuth 
SUBTRACT angle

To convert a 
Grid Azimuth to a 
Magnetic Azimuth 

ADD angle

To convert a 
Magnetic Azimuth to a 

Grid Azimuth 
ADD angle

To convert a 
Grid Azimuth to a 
Magnetic Azimuth 
SUBTRACT angle

ADD

SUBTRACT



Compass

Magnetic Declination

50

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Direction 
of Travel

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Compass

Magnetic Declination

51

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Direction 
of Travel

Measure angle with protractor
Grid Azimuth = 55°

Subtract 15.5°
Magnetic Azimuth = 39.5°

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Map Orientation 

Map Orientation 
Show how to orient a map using a compass.
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Map Orientation

Map Orientation 
54

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Line up Needle with 
Orienting Arrow

Line up 
Map and Needle 

Like Declination Diagram 

GN

15°41’
279 

MILS0°36’
11 MILS

UTM GRID AND 2019 MAGNETIC NORTH
DECLINATION AT CENTER OF SHEET 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Orientation

Map Orientation 
55

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Make these look 
like each other

GN

15°41’
279 

MILS0°36’
11 MILS

UTM GRID AND 2019 MAGNETIC NORTH
DECLINATION AT CENTER OF SHEET 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Orientation 

Map Orientation
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Direction 
of Travel

Line up Compass 
with points

Line up Orienting 
Lines with Map

Measure angle with Compass 
Grid Azimuth = 55°

Subtract 15.5°
Magnetic Azimuth = 39.5°

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Direction 
of Travel

Compass Adjusted for Magnetic Declination

“Red in the Shed”
Or

“Dog in the Doghouse”

Set Bearing with 
Magnetic Declination 

55° - 15.5° = 39.5°
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Compass Adjusted for Magnetic Declination

Dog Doghouse
“Red in the Shed”

Or
“Dog in the Doghouse”



Map Orientation

59

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Adjust declination 
if possible

(Not all Compasses)

Line up Needle with 
Orienting Arrow

Line up 
Map and Needle 

Like Declination Diagram 

GN

15°41’
279 

MILS0°36’
11 MILS

UTM GRID AND 2019 MAGNETIC NORTH
DECLINATION AT CENTER OF SHEET 

Compass with Adjustable Declination 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Orientation
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Make these look 
like each other

GN

15°41’
279 

MILS0°36’
11 MILS

UTM GRID AND 2019 MAGNETIC NORTH
DECLINATION AT CENTER OF SHEET 

Compass with Adjustable Declination 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Important Terminology
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Dog Doghouse

Put the 
“Dog in the 
Doghouse”

or

“Red in the Shed”

Compass with Adjustable Declination 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Orientation
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Direction 
of Travel

Line up Compass 
with points

Line up Orienting 
Lines with Map

Compass with Adjustable Declination 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Direction 
of Travel

Keep Needle in 
Orienting Arrow

Compass with Magnetic Declination Adjustment

“Red in the Shed”
Or

“Dog in the Doghouse”

Compass with Adjustable Declination 
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Direction 
of Travel

Compass Hack – DIY Magnetic Declination Adjustment 

“Red in the Shed”
Or

“Dog in the Doghouse”

Carefully use a Marker to make a 
“Doghouse”

Problem: angles change each year
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Topographical Map Hack

Map can be modified with 
Magnetic North Lines

Problem:
– angles change each year

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Magnetic North 
Lines Added

Use metal yardstick 
to copy and space 

out lines

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Measure Distance
Show how to measure distances on a map using an orienteering compass.

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Resection

Establishing Location on a Map 
• You should be able to use features on a map to pinpoint your location

o Terrain features such as hills and lakes
o Turn angles on paths and roads
o Intersections between paths and roads and streams
o Edge of tree lines

75



Resection

Resection 
• Resection is a method for determining an unknown geographic position 

by measuring angles with respect to known position(s)
• The more know positions you have, the more precise your calculation
• Better compass skills = better precision 
• Type of compass used also affects your final result

76
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Resection

Where 
Are We?

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Resection

Suspected 
Location

Identifiable 
Terrain Feature

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Resection

Aim at 
Terrain Feature

Back Azimuth 

Azimuth 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Resection

Back Azimuth 

Convert Magnetic Azimuth to 
Grid Azimuth as needed

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Resection

Use Terrain 
Features to help 

pinpoint Location

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


82

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Resection

3 Points are 
BETTER than 1

Suspected 
Location Area 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Resection

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Pace Count

Orienteering Measurements
Determining both Distance and Azimuth required in orienteering

85
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Direction 
of Travel

Magnetic Azimuth = 39.5°
Distance = 1,537m 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


87

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Direction 
of Travel

You  know how to 
follow and 

Azimuth

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Pace Count

Pace Count
Allows you to track distance without a tape measure

• Everyone’s pace count is different
• A normal stride is around 0.75m (30 inches)
• There are about 67 double steps per 100m

88



Pace Count

Pace Count
• Pace count is effected by 

o Leg length
o Load (weight carried)
o Traveling speed
o Terrain (vegetation, rocks, ice, etc.)
o Elevation change (uphill vs downhill)

89



Pace Count

Pace Count – 100m Course
Set up a 100m Course in terrain you plan to traverse
• Measure pace out 100m and back 100m
• Determine average pace count

90

100m
Start/
Finish



Pace Count

Pace Count – 100m Course Measuring 
Pace can be measured several ways
• Single steps (over 100)
• Double steps (every time right foot hits ground)
• Time

91

100m
Start/
Finish



Pace Count

Pace Count – 100m Course Measuring 
• Measure pace count for:

o Walking
o Running
o Uphill
o Downhill
o Night 

92

100m
Start/
Finish



Pace Count

Pace Count – 100m Course Measuring 
• When using pace count, 

keep track of each 100m you travel
o Fingers might work up to about 500m
o Mark tick marks on paper
o Use “Ranger Beads”
o Avoid depending on keeping track 

of long distances in your head

93

Image: www.rothco.com/product/rothco-paracord-pace-counter

1 Bead per 100m

1 Bead per 1,000m

http://www.rothco.com/product/rothco-paracord-pace-counter


Pace Count

Requirement 5 – Pace Count
Set up a 100-meter pace course. Determine your walking and running pace 

for 100 meters. Tell why it is important to pace-count.

94

100m
Start/
Finish
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Orienteering Techniques

Requirement 6c – Orienteering Terminology 
Explain the following terms and tell when you would use them: 
• Attack point
• Collecting feature
• Catching feature
• Aiming off
• Contouring
• Reading ahead
• Handrail
• Relocation
• Rough versus fine orienteering

96



Orienteering Techniques

Requirement 6c – Attack Point
Large, easily recognized feature that is near the control
• Easier to locate than control
• Helps you determine your exact location and reach the control
• Can use more precise navigation from attack point

o Pace count
o Good compass bearing 

97

Point APoint B

Attack Point
Trail Fork with

Stream Intersection Map: WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Orienteering Techniques

Requirement 6c – Collecting Feature
Obvious features along the route that will help guide you
• These lie between you and the control
• Such as a 

o Large pond 
o Small lake
o Building
o Sign

• Check-off features –
o You see these along the way
o Verify you are on the right route

98

Point A

Point B

Collection
Points

Map: cascadeoc.org

https://cascadeoc.org/event/2021-winter-virtual-series-1-shoreview-park/


Point A

Point B

Catching Point
Stream

Map: cascadeoc.org

Orienteering Techniques

Requirement 6c – Catching Feature
A catching feature lies beyond the control
• Lets you know you went too far

99

https://cascadeoc.org/event/2021-winter-virtual-series-1-shoreview-park/


Orienteering Techniques

Requirement 6c – Aiming Off
Use for linear attack points
• Road
• Trail
• Stream

• Intentionally deviate to 
left or right
o When you hit linear target, 

you know what direction to turn

100

Point A

Point B

Map: cascadeoc.org

Aiming Off
East offset
Turn west 
at Trail 

https://cascadeoc.org/event/2021-winter-virtual-series-1-shoreview-park/


Orienteering Techniques

Requirement 6c – Contouring
Technique of following contour lines
• Follow same elevation
• Avoid lots of up and downs –

often easier to go around hill
• Avoid steep an dangerous terrain
• Avoid densely vegetated low areas

101

Point A

Point B

Map: WA_Sedro-Woolley_South_20200305_TM_geo.pdf

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Orienteering Techniques

Requirement 6c – Reading Ahead
Keeping a clear mental picture of what should be coming up next
• Take time at control point to plan route
• Understand the what lies ahead
• Read map frequently to make sure you are on course
• What you see on the ground should match your map and route

102

Point A

Map: cascadeoc.org

Point B

https://cascadeoc.org/event/2021-winter-virtual-series-1-shoreview-park/


Orienteering Techniques

Requirement 6c – Handrail
Linear features along the leg of a course that help guide you
• Streams
• Trails
• Roads
• Fences
• Power lines
• Advanced Handrails:

o Ridge lines
o Valleys
o Tree lines
o Forest fire burns
o Avalanche scars

103

Map: cascadeoc.org

Point A

Point B

https://cascadeoc.org/event/2021-winter-virtual-series-1-shoreview-park/


Orienteering Techniques

Requirement 6c – Relocation
Determining location if you become potentially lost
• STOP! – further movement may make you more lost
• Use relocation features to determine your location

o Lakes and ponds
o Where stream forks
o Bridge over stream

104

Retrace route 
if needed

You find yourself on the river
Where are you?



Orienteering Techniques

Requirement 6c – Rough versus Fine Orienteering
Rough Orienteering
• Use less precise movement to find collecting point
• Allows for speedy movement

Fine Orienteering
• More precise movement
• Use pace count and precise azimuth
• Slower movement 

• Use Rough Techniques when feasible for speed
• Use Fine Techniques when necessary to find point

105
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Staying Found

Staying Found – Thumbnail Navigation
• Keep map in pocket and NOT in backpack
• Refer to map often to keep up with location
• Follow map as you move by placing thumb over location

o Match features you see on the ground with those on the map
o This keeps you on route
o Keeps your map skills sharp
o Unlikely you are going to get lost or stray too far off course

107



Staying Found

Staying Found – Disorientation 
• If you find you are unsure of your location

o STOP
o Pull out map and sit down
o Study map and look for landmarks
o Discuss route with crew
o Where was your last known point?

108



Staying Found

Staying Found – Lost 
• If you find you are truly lost

o Movement will likely move you further off course
o Set up shelter
o Wait for search party to find you

109
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Orienteering Map

cascadeoc.org

https://cascadeoc.org/map/fire-mountain-scout-camp/
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Orienteering Map

cascadeoc.org

Legend

Scale
Contour Interval

Control 
Descriptions

Magnetic 
North Line

Version

https://cascadeoc.org/map/fire-mountain-scout-camp/


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 

113

WA_Sedro-Woolley_South_20200305_TM_geo.pdfMap Originally 1:24,000 Scale

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Orienteering Map

cascadeoc.org

https://cascadeoc.org/map/fire-mountain-scout-camp/
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Orienteering Map

cascadeoc.org

https://cascadeoc.org/map/fire-mountain-scout-camp/
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Orienteering Map

cascadeoc.org

Legend

Scale
Contour Interval

Control 
Descriptions

Magnetic 
North Line

Version

https://cascadeoc.org/map/fire-mountain-scout-camp/


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 

117

WA_Sedro-Woolley_South_20200305_TM_geo.pdfMap Originally 1:24,000 Scale

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Orienteering Map

cascadeoc.org

https://cascadeoc.org/map/fire-mountain-scout-camp/


Topographic Maps

Contour Lines

119
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Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 

120

WA_Sedro-Woolley_South_20200305_TM_geo.pdfMap Originally 1:24,000 Scale

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Topographic Maps

ISOM 2017 Orienteering Map Symbols 

121

www.maprunner.co.uk/map-symbols

https://www.maprunner.co.uk/map-symbols/


Topographic Maps

ISOM 2017 Orienteering Map Symbols 

122

www.maprunner.co.uk/map-symbols

https://www.maprunner.co.uk/map-symbols/


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 

123

WA_Sedro-Woolley_South_20200305_TM_geo.pdfMap Originally 1:24,000 Scale

Hill

Lake

Terrace

Steep 
Slope

Gentle
Slope

Creek

Unpaved
Road

Open
Area

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Topographic Maps

Requirement 4b - Topographic Maps
Point out and name 10 symbols on a topographic map.
You can use your own map or this one:

124Lynndale Park cascadeoc.org

https://cascadeoc.org/map/lynndale-park/
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Orienteering Control Symbols

Orienteering Control Symbols
Identify 20 international control description symbols. Tell the meaning of 

each symbol.

126



Orienteering Control Symbols

Control Descriptions
Describe where control markers are found

127

cascadeoc.org/map/lynndale-park

https://cascadeoc.org/map/lynndale-park


Orienteering Control Symbols

International Control Description Symbols
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https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols
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https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols
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https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column C
Which of any similar feature  
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https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column D
The Control Features - Landforms 

132

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column D
The Control Features - Rocks

133

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column D
The Control Features – Water and Marsh

134

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column D
The Control Features – Vegetation 
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column D
The Control Features – Man-Made Features 

136

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column D
The Control Features – Man-Made Features 

137

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column D
The Control Features – Prominent Features /Special Items

138

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column E
Appearance

139

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column F
Dimensions / Combinations / Bend

140

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column F
Dimensions / Combinations / Bend

141

orienteering.sport/iof/rules/control-descriptions

If used, the two features which either cross or 
meet must be shown in columns D and E

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column F
Dimensions / Combinations / Bend

142

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column F
Dimensions / Combinations / Bend

143

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column G
Location of Control Flag

144

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column G
Location of Control Flag

145

orienteering.sport/iof/rules/control-descriptions

When symbol 12.14 ‘Between’ is used in 
Column G, the two features which the control 
is between must be shown separately in 
columns D and E.

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols - Column H
Other Information

146

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples
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orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

International Control Description Symbols – Examples

156

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

Requirement 6a – Orienteering Map
Identify 20 international control description symbols. Tell the meaning of 

each symbol.
Please ID the following:

157

1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.

orienteering.sport/iof/rules/control-descriptions

https://orienteering.sport/iof/rules/control-descriptions/


Orienteering Control Symbols

Orienteering Map
Show a control description sheet and explain the information provided.
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Orienteering Compass

Orienteering Maps and Compasses
Orienteering competitions generally use special maps that use Magnetic 
North instead of Grid North

These maps are used differently than that maps you may accustomed to 
using

There are also specialized Thumb Compasses designed for competition
These compasses aren’t required to complete, but it’s good to know about 
them

160



Orienteering Compass
161

Baseplate

Declination Scale (fixed)
Compass Needle
Orienting Lines

Declination Adjustment (Some models) 

Stencil Hole

Scales

Rubber Friction Feet

Clinometer (Some models) 

Liquid Filled Capsule

Turnable Compass Housing (Bezel)

Graduation Ring

Index Line

Magnifying Lens

Direction of Travel Arrow

Luminous Marking

The Baseplate Compass

silva.se/app/uploads/2019/04/compass-manual-baseplate-compasses-eng.pdf

Orienting Arrow

• Very versatile 
• Transparent
• Simple
• Economical options

o Often get you pay for
• Quality varies 

https://silva.se/app/uploads/2019/04/compass-manual-baseplate-compasses-eng.pdf


Orienteering Compass
162

Orienteering Compass

Image Source: suunto.com/en-us/Products/Compasses/Suunto-AIM-6/Suunto-AIM-6-NH-compass

SUUNTO AIM-6 NH COMPASS

• Bare minimum for 
Orienteering

• Lightweight
• Hands free
• Lack versatility   

Rotating Orienting Lines

Direction of Travel 
Straight Edge/Pointer

Thumb band

AIM sectors

https://www.suunto.com/en-us/Products/Compasses/Suunto-AIM-6/Suunto-AIM-6-NH-compass/


Map Orientation

Orienteering Compass
163

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Adjust declination 
if possible

(Not all Compasses)

Line up Needle with 
Orienting Arrow

Line up 
Map and Needle 

Like Declination Diagram 

GN

15°41’
279 

MILS0°36’
11 MILS

UTM GRID AND 2019 MAGNETIC NORTH
DECLINATION AT CENTER OF SHEET 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Orientation

Orienteering Compass
164

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Make these look 
like each other

GN

15°41’
279 

MILS0°36’
11 MILS

UTM GRID AND 2019 MAGNETIC NORTH
DECLINATION AT CENTER OF SHEET 

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Important Terminology

Orienteering Compass
165

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Dog Doghouse

Put the 
“Dog in the 
Doghouse”

or

“Red in the Shed”

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Orienteering Compass

Map Orientation

166

WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Direction 
of Travel

Line up Compass 
with points

Line up Orienting 
Lines with Map

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Direction 
of Travel

Keep Needle in 
Orienting Arrow

Compass with Magnetic Declination Adjustment

“Red in the Shed”
Or

“Dog in the Doghouse”



168

cascadeoc.org

Magnetic 
North Lines

Line up 
Orienteering Lines 

with 
Magnetic North 

Lines

Orienteering Maps 
are easier to use

Direction 
of Travel

https://cascadeoc.org/map/fire-mountain-scout-camp/
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Direction 
of Travel

Keep Needle in 
Orienting Arrow

Compass using Magnetic North Adjusted Map

“Red in the Shed”
Or

“Dog in the Doghouse”
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Magnetic 
North Lines

Line up 
Orienteering Lines 

with 
Magnetic North 

Lines

Orienteering Compasses 
are also quicker to use

Direction 
of Travel

https://silva.se/product/compasses/orienteering/compass-race-360-jet/
https://cascadeoc.org/map/fire-mountain-scout-camp/
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Direction 
of Travel

Keep Needle in 
Orienting Arrow

Compass using Magnetic North Adjusted Map

Image Source: silva.se/product/compasses/orienteering/compass-race-360-jet

“Red in the Shed”
Or

“Dog in the Doghouse”

https://silva.se/product/compasses/orienteering/compass-race-360-jet/
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Fold up Map 
and

Face Map in 
Direction of Travel

Map Orientated 
with compass and 

Magnetic North 
Lines

Image Sources: silva.se and cascadeoc.org

https://silva.se/product/compasses/orienteering/compass-race-360-jet/
https://cascadeoc.org/map/fire-mountain-scout-camp/
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Search and Recue Merit Badge 

Requirement 7 – Universal Transverse Mercator 
7. Discuss the Universal Transverse Mercator (UTM) system, latitude, and 
longitude. Then do the following: 

a. Using a 1:24,000 scale USGS topographic map, show that you can 
identify a location of your choice using UTM coordinates. 

b. Using a 1:24,000 scale map, ask your counselor to give you a UTM 
coordinate on the map, then identify that location.

c. Show that you can identify your current location using the UTM 
coordinates on a Global Positioning System (GPS) unit and verify it 
on a 1:24,000 scale map. 

d. Determine a hypothetical place last seen, and point out an area on 
your map that could be used for containment using natural or 
human-made boundaries.

174



Universal Transverse Mercator 

Latitude 
7. Discuss the Universal Transverse Mercator (UTM) system, latitude, and 
longitude. 

Latitude
• Geographic coordinate that specifies the 

north–south position of a point on Earth
• Angle which ranges from 0° at the Equator 

to 90° (North or South) at the poles

175

Image source: Pearson Scott Foresman commons.wikimedia.org/wiki/File:Latitude_(PSF).png

https://commons.wikimedia.org/wiki/File:Latitude_(PSF).png


Universal Transverse Mercator 

Longitude
7. Discuss the Universal Transverse Mercator (UTM) system, latitude, and 
longitude. 

Longitude
• Geographic coordinate that specifies the 

east–west position of a point on Earth
• Approximately the angle between the 

local vertical and the equatorial plane
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Image source: Pearson Scott Foresman commons.wikimedia.org/wiki/File:Longitude_(PSF).png

https://commons.wikimedia.org/wiki/File:Longitude_(PSF).png


Universal Transverse Mercator 

Universal Transverse Mercator 
7. Discuss the Universal Transverse Mercator (UTM) system, latitude, and 
longitude. 

Universal Transverse Mercator (UTM) system
• System for assigning coordinates to locations on the surface of Earth
• Divides earth into 60 zones 
• Most zones in UTM span 6 degrees of longitude
• Each zone is segmented into 20 latitude bands(8 degrees high)
• Location = specifying the zone and the x, y coordinate in that plane
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pubs.usgs.gov/fs/2001/0077/report.pdf

https://pubs.usgs.gov/fs/2001/0077/report.pdf


Map Reading

Requirement 7 – Universal Transverse Mercator 
7. Discuss the Universal Transverse Mercator (UTM) system, latitude, and 
longitude. 

Universal Transverse Mercator (UTM) system
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Image source: cmglee STyx, Wikialine and Goran tek-en commons.wikimedia.org/wiki/File:Universal_Transverse_Mercator_zones.svg

https://commons.wikimedia.org/wiki/File:Universal_Transverse_Mercator_zones.svg


Universal Transverse Mercator 

Universal Transverse Mercator 
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pubs.usgs.gov/fs/2001/0077/report.pdf
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Universal Transverse Mercator 

Requirement 7 – Universal Transverse Mercator 
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Universal Transverse Mercator 

Universal Transverse Mercator 
• The northing values are measured continuously from zero at the 

Equator, in a northerly direction
o South of the Equator - the Equator is assigned a northing value of 

10,000,000 meters
• A central meridian through the middle of each 6° zone is assigned an 

easting value of 500,000 meters
o Grid values to the west of central meridian are less than 500,000
o Grid values to the east of central meridian are more than 500,000
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pubs.usgs.gov/fs/2001/0077/report.pdf

https://pubs.usgs.gov/fs/2001/0077/report.pdf


Universal Transverse Mercator 

Universal Transverse Mercator 
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www.fgdc.gov/usng/educational-resources/Map_USA_USNG_20081231.pdf
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Universal Transverse Mercator 

Universal Transverse Mercator 
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Grid Coordinates

Finding Coordinates 
A vital skill is you ever need to communicate your location.

Very useful in Search and Rescue and Military operations

Required in the Search and Rescue Merit Badge

186



187

Map Protractor



Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Location
10 U 0560295
UTM 5359901

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Location
10 U 0560295
UTM 5359901

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf


Map Reading

Requirement 7a – USGS Topographic Map
Using a 1:24,000 scale USGS topographic map, show that you can identify 
a location of your choice using UTM coordinates. 
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WA_Sedro-Woolley_South_20200305_TM_geo.pdf

Location
10 U 0560295
UTM 5359901

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Sedro-Woolley_South_20200305_TM_geo.pdf
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Google Maps

Location
10 U 0560290
UTM 5359900

Camp Fire Mountain

https://www.google.com/maps/place/48%C2%B023'21.8%22N+122%C2%B011'08.0%22W/@48.3893924,-122.1877443,655m/data=!3m2!1e3!4b1!4m5!3m4!1s0x0:0x0!8m2!3d48.38939!4d-122.18555


Search and Rescue Merit Badge

Requirement 7b – Universal Transverse Mercator 
Using a 1:24,000 scale map, ask your counselor to give you a UTM 
coordinate on the map, then identify that location.

USGS US Topo 7.5-minute map for Morse Creek, WA 2020
Published Date:  2020-02-26

WA_Morse_Creek_20200226_TM_geo.pdf
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Location
10 U 0475850
UTM 5320410

Homework

https://prd-tnm.s3.amazonaws.com/StagedProducts/Maps/USTopo/PDF/WA/WA_Morse_Creek_20200226_TM_geo.pdf


Map Reading
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Search and Rescue Merit Badge

Requirement 7c – Universal Transverse Mercator 
Show that you can identify your current location using the UTM 
coordinates on a Global Positioning System (GPS) unit and verify it on a 
1:24,000 scale map. 

viewer.nationalmap.gov/basic

194

Homework

https://viewer.nationalmap.gov/basic/


Search and Rescue Merit Badge

Requirement 7d – Universal Transverse Mercator 
Determine a hypothetical place last seen, and point out an area on your 
map that could be used for containment using natural or human-made 
boundaries.

viewer.nationalmap.gov/basic

195

Homework

https://viewer.nationalmap.gov/basic/
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Direction Finding 
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Wilderness Survival Navigation



Wilderness Survival Navigation

Direction Finding 
• So you know where you are at?

o What is the safest or quickest way to get where we are going?
o What direction to we head in?
o Which way is North?

198



Wilderness Survival Navigation

Direction Finding - Ability
• Some people are just better at direction finding

o Some are just better at navigating
▪ They likely honed those skills early on
▪ They keep this talent sharp since others depend on them

o Many lack natural talent
▪ They know they lack talent so depend on GPSs and others
▪ They can not be trusted in a survival situation
▪ They can develop this skill – ideally before it is needed
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Wilderness Survival Navigation

Direction Finding 
• The compass is the generally the best method to use
• Know how to really use a compass
• Carry a compass on you
• Carry two compasses
• If you don’t have a compass, there are a few ways to get by

200



Celestial Navigation

201
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Wilderness Survival Navigation

Celestial Navigation – Basics
• The Sun, moon and start travel across the sky in a very specific way
• Understanding the relationship of these will help you find your way
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Wilderness Survival Navigation

Celestial Navigation – Sun and Shadows 
• From a person’s perspective, the sun moves from east to west
• Likewise, shadows move from west to east through the day
• In the Northern Hemisphere

o When the sun at its highest point in the sky 
▪ Shadows point north 
▪ At lower latitudes, this may not be appreciable

o Shadows will move clockwise
• In the Southern Hemisphere

o When the sun at its highest point in the sky 
▪ Shadows point south 
▪ At lower latitudes, this may not be appreciable

o Shadows will move counterclockwise

203
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Wilderness Survival Navigation

Celestial Navigation – Sun and Shadows 
• There are two basic shadow direction finding techniques

o Shadow-Tip Method
o Watch Method

204

FM 21-76 Survival 



Wilderness Survival Navigation

Celestial Navigation – Shadow-Tip Method
• Find a relatively flat and open area exposed to the sun

1. Place a 1 meter tall stick into level ground 
2. Mark the shadow's tip with a rock or twig

• This is your West Point
3. Wait 10 to 15 minutes for shadow to move a few centimeters
4. Mark the shadow tips new position

• This is your East Point
5. Draw a straight line between the two marks

• This is an East-West line
6. If you stand facing your line with the first mark to your left and 

second to your right, you are facing north
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Wilderness Survival Navigation

Celestial Navigation – Shadow-Tip Method

206

West

East

The sun travels across the sky from east to west
Likewise, shadows move from west to east

FM 21-76 Survival 



Wilderness Survival Navigation

Celestial Navigation – Watch Method
• In the Northern Hemisphere – Point Hour Hand at Sun

207

Aim Hour Hand at sun

Bisecting North-South Line
Between Hour Hand and 12

Sun is in the East before noon
Sun is directly South at noon 
Sun is in the West after noon FM 21-76 Survival 



Wilderness Survival Navigation

Celestial Navigation – Watch Method – Daylight Savings 
• In the Northern Hemisphere – Point Hour Hand at Sun
• Daylight Savings Time? – North-South Line between Hour Hand and 1

208

Aim Hour Hand at sun

Bisecting North-South Line
Between Hour Hand and 1

Daylight Savings Time

Sun is in the East before noon
Sun is directly South at noon 
Sun is in the West after noon FM 21-76 Survival 

1pm



Wilderness Survival Navigation

Celestial Navigation – Watch Method
• In the Southern Hemisphere – Point 12 at Sun

209

Aim 12 at sun

Bisecting North-South Line
Between Hour Hand and 12

Sun is in the East before noon
Sun is directly South at noon 
Sun is in the West after noon FM 21-76 Survival 



Wilderness Survival Navigation

Celestial Navigation – Using the Moon

210

FM 21-76 Survival 
Moon rises Before Sunset

Moon rises after Sunset

East

West



Wilderness Survival Navigation

Celestial Navigation – Using the Stars – Northern Skies
• In the North, one start marks True North

o Polaris aka Polar Star and North Star
o Bright star centered over norther pole of earth (within 1-2.5⁰)
o Seen at 1⁰ North of equator and above
o Above latitude 70⁰ - too high in the sky to be useful 

• To find Polaris
o Find the Big Dipper
o Draw an imaginary line from the bottom outer to upper outer star
o Extend the distance 5x the distance between these stars

• This line points to Polaris
• Opposite the Big Dipper sits Cassiopeia
• The center of Cassiopeia points at Polaris 
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Wilderness Survival Navigation

Celestial Navigation – Using the Stars

212

Big Dipper
Cassiopeia

Little Dipper

FM 21-76 Survival 

North



Wilderness Survival Navigation

Celestial Navigation – Using the Stars – Southern Skies
• There isn’t a Polaris for the Southern Hemisphere
• There is a Southern Cross

o aka Crux
o Cross points to a spot over horizon that is generally south
o Made up of 4 stars, it resembles a Christian Star with small tilt
o Don’t confuse with other “Crosses” (Diamond and False Crosses)

▪ Pointer Stars point at the peak of the Southern Cross
• To use the Southern Cross

o Draw through the top and bottoms stars of the cross
o Extend this imaginary line ~5x (4.5) the length between these stars
o This point sits over the horizon south of you 
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Wilderness Survival Navigation

Celestial Navigation – Using the Stars

214

Southern Cross

Achernar

Pointer Stars

South

FM 21-76 Survival 



Wilderness Survival Navigation

Celestial Navigation – Using the Stars – Bearings 
• You can use Stars as bearing points if you have a compass
• Note that Stars move across the sky over time

o Norther stars are useful for about 30 minutes 
o Southern stars are only useful for about 15 minutes 
o After this time period, you will need to pick a new star

215
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Wilderness Survival Navigation

Celestial Navigation – Using the Stars – Star “Shadow” 
• Simulate a shadow from a star or planet using a taunt line
• Mark first “shadow” and wait 15-20 minutes and mark a second point

216

AFR 64-4177-351 Survival Manual 1985First Mark points West

North



Natural Navigation 
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Wilderness Survival Navigation

Natural Navigation – Plant Growth
• In the Northern Hemisphere the sun hit plants from the south

o Lone evergreen trees will always be more bushy on the south side
o Birch and poplar tree bark is 

▪ Whitest on the south side
▪ Darkest on the north side

• In the Southern Hemisphere the sun hit plants from the north
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Wilderness Survival Navigation

Natural Navigation – Plant Growth
• Moss grows on the North Side of the tree? (Northern Hemisphere)

o Nope
o Sometimes it grows all around it depending on moisture 
o Often the greener side points south at sun

o Of note, tree moss is a potentially great Firestarter
▪ Unfortunately, where there is abundant moss,

generally everything is wet
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Wilderness Survival Navigation

Natural Navigation – Plant Growth
• Stumps

o Growth is generally more vigorous on side of sun exposure
o Rings are more spread out on sunny side
o Rings closer together on shade side

220
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Wilderness Survival Navigation

Natural Navigation – Plant Growth and Snow
• Slopes

o In the Northern Hemisphere
▪ North facing slopes receive less sun

• Cooler and moister
• In summer there may be patches snow

▪ South facing slopes receive more sun
• Warmer and drier
• In Winter, trees are first to lose snow
• Snowpack is generally shallower due to sun melt
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Wilderness Survival Navigation

Natural Navigation – Winds
• Some places have Prevailing Winds
• Knowing the prevailing winds of certain areas can prove helpful 

o Trees will be bent in the direction the wind is blowing

222
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Tracking
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Tracking



Tracking

Tracking and Counter-Tracking
In a survival situation you may need to be able to
• Track and find a person
• Follow tracks to civilization or help
• Track an animal
• Avoid being tracked and employ counter-tracking techniques
• Track someone who is using counter-tracking techniques
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Tracking

Clue Awareness
Clue Awareness 
• All kinds of clues can be helpful

o Subject – best clue you might find
o Tracks or altered condition of vegetation caused by the subject
o Articles of clothing or equipment
o Tissue paper
o Food or beverage wrappers
o Fire pits
o Crushed grass where a subject slept or walked
o Blood or scrape marks on a hill side or cliff where a subject fell

• Absence of clues in area is also important information
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Tracking

Evidence Preserve 
Evidence Preservation 
• We are all track erasers 

o We can destroy tracks
o We add extra tracks

• Minimize impact on area
o Stay off obvious tracks and other clues
o Stay off the soft dirt parts of trails where tracks can be found
o Walk in the lead member's footprints to both reduce tracks
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Tracking

Tracking
Tracking the Subject
• Seems really cool, especially in fantasy stories and movies
• In real life, not for everybody

o Requires a lot of patience 
o Requires a lot of teamwork
o Requires a lot of kneeling 
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Tracking

Tracking
Tracking the Subject
• Average stride length is about 18 to 20 inches long
• Resulting in over 3000 steps taken for each mile of travel
• This leaves thousands of clues behind

• Everyone makes a different track
o Knowing sole pattern of subject is very valuable 
o Knowing how to read a track is even more vital
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Tracking
Tracking the Subject
• Tracking Stick allows measurement of

o Length of the shoe or boot 
o Width of shoe or boot 
o Stride of steps

o This helps you eliminate following 
non-relevant clues

Tracking
229

Tracking Stick 

Foot Length

Stride Interval
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Area
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Tracking

Tracking
Tracking the Subject
• Angle of light helps make tracks stand out
• You want a light source coming at you at a low angle 
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Tracking

Tracking
Tracking the Subject
• Angle of light helps make tracks stand out
• You want a light source coming at you at a low angle 
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Fancy LED 
Light Mod



Tracking

Tracking
Tracking the Subject
• Tracking Indicators

o Regularity
o Flattening
o Transfer
o Discards
o Color Change
o Disturbance

232
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Tracking

Tracking
Tracking the Subject
• Ground Signs 

o Ground level
o Footprint fragments
o Grains of sand on plants
o Dirt prints on an asphalt road
o Dislodged or crushed stones
o Flattening of a surface area
o Mud cloud at stream crossing
o Discarded Trash 
o Cigarette butts
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Tracking

Tracking
Tracking the Subject
• Low/Bottom Signs

o Below knee height
o Short grass pushed in same direction
o Broken and bruised vegetation
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Tracking

Tracking
Tracking the Subject
• High/Top Signs

o Above knee height 
o Broken branch
o Damaged bark
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Tracking

Tracking
Tracking the Subject
• Track Pursuit Drill (Use at Last Definite Sign - LDS)

1. Assessment of general direction
2. Eliminate openings and finalize general direction
3. Look for farthest sign and connect it back to LDS
4. Look through the vegetation for the subject (quarry)
5. Check to left and right for counter-tracking tactics (Military/Police)
6. Plan and memorize your next footsteps
7. Move forward with stealth (Military/Police)
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Tracking

Tracking
Tracking the Subject
• Track Casting Drill (Reestablish track)

1. Initial Probe – probe 3-5 meters from LDS
2. Initial Cast – 10-15 meters back from LDS; probe 10-15m radius
3. Extended Search
4. Most Probable Search Area

• Shelter
• Natural lines of drift
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Tracking

Tracking
Tracking the Subject

• Two basic tenets of an effective tracker 
o Do not advance beyond the last print until the next one is found 
o Do not destroy clues
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Tracking

Attraction
Locating the Subject using Attraction 
• Sound sweeps using whistles

o Make sound at a prescribed time 
o Then are all quiet and listening during a second prescribed time

• Sound sweeps using vehicle horns
o Used to waken sleeping subject
o Coordinated using radios 

• Calling out name – you can only yell for so long
• Smoke
• Lights
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Tracking

Attraction
Locating the Subject using Attraction 
• Only works if Subject is

o Alive 
o Conscious
o Willing to be found
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Tracking

Trial Sweep
Locating the Subject using Trail Sweep
• Visual Sweep takes much longer than a Sound Sweep
• Requires a lot of focus and attention to detail
• Used to find clues as well as unresponsive subjects
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Tracking

Trial Sweep
Locating the Subject using Trail Sweep
• Sweeps commonly fall into the following categories:

o Road or trail  
o Cross-country 
o Mixture of both
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Tracking

Trial Sweep
Locating the Subject using Trail Sweep
• Trail/road sweeps include searching of adjacent vegetation and terrain
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Resources

Resources
• Merit Badge Pamphlets

o Backpacking
o Search and Rescue
o Orienteering 

• Maps
• apps.nationalmap.gov USGS Maps
• National Geographic Quad Maps – In more printer friendly format

• Military Manuals
• FM 3-25-26 Map Reading and Land Navigation

245

https://apps.nationalmap.gov/downloader/#/
https://www.natgeomaps.com/trail-maps/pdf-quads
https://irp.fas.org/doddir/army/fm3-25-26.pdf
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Instructor’s Corner

Instructor’s Corner
• Thank you for teaching our scouts the Map and Navigation Skills.  
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