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PREFACE

by Sir Ranulph Fiennes

Any venture into the outdoors carries with it a risk, from a day’s walk in the hills to a polar expedition, and good navigation is the foundation of all safe adventure. Navigational errors are the most common contributory cause of mountain accidents,* often being the first link in a chain of events that can lead to catastrophe.

Search and rescue teams are regularly called out in the worst weathers and need to reach inaccessible areas quickly and safely. These same requirements apply to anybody who wants to safely enjoy the outdoors. This field instruction manual brings together for the first time ‘Best Practice’ as used by these teams throughout the world and makes it accessible to everyone.

Planning and preparation underpin any successes I may have had. Make them yours!




* Scottish Mountaineering Incidents(1996–2005), Research Digest, No. 102.
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FOREWORD

by David 'Heavy' Whalley

Whether your interest lies in reaching one of the earth’s most remote destinations, undertaking your first Duke of Edinburgh outbound challenge or simply enjoying a day’s walk in the hills, true freedom and safety outdoors depends on proficient navigational skills.

Micronavigation is an extremely accurate system of land navigation for all terrains: Alpine, Arctic, Desert, Forest, Jungle, Mountain, Shoreline and Urban. The techniques can be mastered by anyone from a hiker to a search and rescue (SAR) responder, and are used to navigate competently and securely in every environment and in all conditions.

Encompassing the full range of navigational techniques available, and the thinking and technology which supports them – from the direction of the wind and simple compasses, to celestial direction-finding and cutting-edge, global satellite systems –this manual brings together for the first time all of these straightforward techniques.

The end result is one of the most comprehensive and easy-to-use navigation manuals ever made available. This book is a landmark in land navigation.

[image: missing]

David ‘Heavy’ Whalley, BEM, MBE and the Distinguished Service Award for Service to Mountain Rescue. Team Leader of RAF Leuchars MRT (Mountain Rescue Team), RAF Kinloss MRT and Deputy Team Leader at RAF Valley MRT, he has taken part in more than 1,000 mountain rescue and air-crash searches including the Lockerbie Pan Am Flight 103 and has helped in saving hundreds, probably thousands, of lives.





What is Micronavigation?

Most people will be quite confident of their navigation skills on a warm, clear, summer’s day or while following a well-marked footpath. The problem is that these scenarios often do not last long: the weather can change in an alarmingly brief time, signs run out, tracks disappear or are impassable.

There is only one way to be really confident in navigating in all conditions, and that is to learn the techniques of micronavigation which are similar to the techniques used in orienteering. With practice, you will soon be able to navigate to all sorts of tiny features on the map – even the smallest kink in a contour line – in poor visibility from fog to night-time. Micronavigation is a key skill for anyone who wishes to navigate competently and safely.

Micronavigation is an easy-to-learn technique of land navigation. You navigate in a series of small distances, called legs, and focus on the immediate features in your landscape to continually ascertain position: this minimises the chance for error.

All navigators make small errors in compass reading, correcting for magnetic declination, and then in both judging distance travelled and how far they have drifted off course. The further you travel on a bearing the greater the error. So by employing short legs these mistakes are continually corrected.

Micronavigation builds upon your innate ability to create a greater awareness of your immediate environment, using your senses of sight, sound, smell and touch and relating this information to the use of robust and reliable non-specialist equipment: a map and baseplate compass.

[image: missing]

Micronavigation can be used in the most difficult of terrains including Alpine, Arctic, Desert, Forest, Jungle, Mountain, Shoreline and Urban and is employed by specialists varying from search and rescue (SAR) teams to the Special Forces.

Micronavigation can also be augmented with, yet is not dependent upon: altimeters, celestial navigation, environmental navigation and global navigation systems (GNSS).

Different types of navigation may be used in isolation, but just as the Phoenicians relied heavily upon celestial navigation augmented with environmental navigation, today the expert land navigator utilises and combines as many different types as possible.


[image: missing] EXPERT TIP

[image: missing] The more navigational techniques you carry with you in your mind’s rucksack the more capable and adept navigator you will be.
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How to use this Field Instruction Manual

Follow the instructions in this manual to the letter and you can become an outstanding navigator on land. Do not skip or jump sections: they have been developed from teaching basic navigation to groups of beginners, to advanced navigation to experienced SAR professionals. They work!

This manual takes nothing for granted and you need no prior knowledge of navigation whatsoever.

In the first chapters of this book you are going to build ‘learning scaffolding’ and construct a simple framework upon which you can further develop your knowledge and skill sets with the more challenging techniques and theory.


• Words styled in bold grey type have full explanations elsewhere in this manual.

• Sentences in bold italic are essential learning – learn them by heart.

• EXPERT TIPS are the handy hints and snippets of information to help you to be spot on in your navigation.

• EXPERT FACTS are the pieces of information that will help you understand and remember the theory sections.

• QUIRKY FACTS are fun but also help you remember the section.



There are only three home-study topics. Theory is kept to an absolute minimum and then only that which is absolutely necessary. Take time and learn these topics: The Three Norths, Mapping Systems and GNSS/Satnav Introduction.

Basic Techniques are highlighted to give you the basics you require to navigate. The more you learn beyond this the greater your repertoire of navigational skills and the more proficient and safer navigator you become.

There are many different types of maps and numerous navigational pieces of equipment from compasses to satnav. This manual is not a discussion document and recommends only map types and equipment which has been used extensively by the author throughout the world, both for pleasure and in SAR.

It dispenses with unnecessary theory and technical jargon. You will only learn what you need to know to micronavigate competently and safely.

Sometimes written instructions will be short and instead techniques will be described using step-by-step photography by experienced navigators. This should stimulate your understanding with visual clues, in addition to the written word – this can be a very powerful method of learning.

There are seven specialist terrain sections. These are environments where additional techniques and sometimes additional equipment may be needed to navigate safely. In each specialist terrain section, techniques are explained fully to obviate the need for unnecessary cross-referencing and backtracking for the user.

Easy to use: easy to learn – helpful hints are included on what to do if you get stuck learning a technique and how to make the technique straightforward to use in the field.


[image: missing] EXPERT TIPS

[image: missing] Tell someone where you are going and what time you are going to be back and at what time they should call the emergency services if they cannot get hold of you.

[image: missing] Check the weather forecast and wear the appropriate clothes and footwear.

[image: missing] When you have mastered your new skills, you should experiment with different types of maps, using a variety of scales because your skills will be easily transferable.

[image: missing] The background, theory and history of navigation and its development make interesting reading – my favourite book on this subject is Dava Sobel’s Longitude (Fourth Estate, 1998).

[image: missing] Navigational terms change not only from country to country, but also from group to group.

[image: missing] Check the micronavigation.com website forum for updates and discussion on new and existing techniques.




[image: missing] WARNING

Do not proceed straight into an unknown area and attempt to learn these techniques: instead, read through the techniques you are going to learn and practise them in a safe environment that is well known to you – such as gardens, parks or local walks.



[image: missing]





Conventions/abbreviations

Conventions are the terms and symbols used in the manual and you need to know and understand them.



Key navigational terms

• Route: from the start of your journey you will have a destination you wish to reach, this is called the Objective.

• To reach your objective you navigate a series of short Legs.

• Each leg starts from a known point and leads to an identifiable point on the map – this is called an Attack Point.

• Technique is a single method used to navigate.

• Procedure is a combination of techniques used to navigate.

• Feature is an object or landmark such as a building, cairn, summit, river, forest or lake.

[image: missing]

Measurement, units and abbreviations

The metric measurement system is primarily used in this manual.

Metric

Kilometre – km

Metre – m

Centimetre – cm

Kilometres per hour – kph

1 Kilometre =1,000 m

1½ Kilometres – abbreviated as 1.5 km

½ a Kilometre – abbreviated as 500 m

Celsius – ° C

Imperial

The following abbreviations are used:

Feet – ft

Yards – yds

Miles – miles

Miles per hour – mph

Fahrenheit – ° F

Positions

[image: missing] Fixed Position is when you are confident of your position and can pinpoint it on a map. Either drawn as [image: missing] , or written down as ‘Fix’.

[image: missing] Estimated Position is where you know the general area you are in but cannot pinpoint your exact position on a map, Either drawn as [image: missing] , or the initials ‘EP’.

[image: missing] Dead Reckoning is a position which has been calculated from your start or last attack. The further you travel the less accurate it becomes. Either drawn as [image: missing] , or noted on the map as ‘DR’.

Azimuth

The azimuth is taken to mean the horizontal angle of a Bearing clockwise from north.

• The graduations on your compass bezel in degrees read from 0° to 360°.

• Degrees can be subdivided into 60 minutes and minutes can be subdivided into 60seconds. Seconds are too small a unit to be required in general navigation.



1° (degree) = 60' (minutes)

1' (minute) = 60" (seconds)



The only time you will encounter minutes using your compass is when referring to the Magnetic Declination stated on maps, which for practical purposes, you will round up to the nearest degree:

• 005°31' will be expressed as 006° as 31' is more than half of 60 – which is the number of seconds in a degree.

• 005°29' will be expressed as 005° as 29' is less than half of 60 – which is the number of seconds in a degree.



Minutes and seconds of azimuth are also used in the coordinate system of latitude and longitude where they are usually written as X°X'X" – see Mapping Systems

Global Navigation Satellite Systems (GNSS)

Handheld navigational equipment which uses satellites (including those which use the ubiquitous, American GNSS – GPS) will all be referred to as satnav. The two types of satnav receivers used are mapping satnav and basic satnav.

[image: missing]





Equipment List

I have tested dozens of pieces of equipment throughout the world, often operating in the most extreme conditions. The items listed here are the ones that I have trusted with my life. I believe they are the best of their kind, being reliable, robust and efficient.



Essential equipment

1 Suunto M3 Global compass – magnetic compasses are the mainstay of land navigation because they are relatively low-cost, durable, and require no maintenance or no electrical power supply. The M3 is a dependable, high-quality baseplate compass which performs flawlessly in even the most demanding of conditions from --40°C to +60°C. The notched bezel is easy to turn, even in cold conditions while wearing gloves, it has easy-to-read luminous markings and a magnifying lens, making it ideally suited to navigating in conditions of poor visibility as well.

2 An up-to-date, good-quality topographic map. National agencies such as USGS in the USA and Ordnance Survey (OS) in Great Britain produce such quality maps. If you can, buy laminated or plastic maps; these are ideal since they are waterproof.

3 Grid Reference Tool – an inexpensive means of easily taking accurate grid references in the field. (Co-developed by the author for use in SAR and general navigation.)

4 Tally counter – measuring distance while moving is an indispensable navigational technique and accuracy is vital. In one technique, called Pacing, you need to count your paces – counting them in your head distracts you. This little tool will do it for you.

5 Grease pencils/chinagraphs are great for writing on waterproof maps, as the information can be rubbed out when you no longer need it.

6 Head torch – you should never navigate at night, even when natural light is good, without a head torch; weather conditions are liable to change at any time and clouds can obscure light from the moon and stars. Chose a headlamp with an LED bulb(s): these use less power, last longer and are more durable than conventional bulbs. Select one with a focusable beam (a minimum range of 50m on full beam) for spotting features in the distance, and which has different setting levels so when reading the map the light can be set to low to reduce the interruption to your natural night vision.

7 Backup set of lithium disposable batteries (see Battery Selection for a comprehensive overview of battery types and recommendations).


[image: missing] EXPERT TIPS

[image: missing] Attach a length of paracord to every item with a loop at the other end that the item will fit through so that you can easily fasten/unfasten it to your rucksack/jacket for security. Seal the cut paracord over an open flame.

[image: missing]

[image: missing] Always take water, a mobile phone with fully charged batteries and a whistle.

[image: missing] Try to choose electrical items which all use the same battery type/size so you don’t have to carry lots of spares!

[image: missing] Take spare reading glasses, if you use them. If you forget them, use the magnifying lens on your compass.

[image: missing] Choose a personal locator beacon (PLB) with GNSS that can transmit accurate latitude and longitude coordinates on activation.



Adding the cost of these seven items equates to the cost of a meal out for two, which is relatively inexpensive – considering that your life may depend upon them!

Desirable equipment

• GNSS – accurate and reliable handheld satnavs are relatively inexpensive. (Reasonably new second-hand units are a good consideration and about the same price as your compass.) Depending upon your specific needs, there is a range of handheld satnavs. All of them give your Location, can create Waypoints and follow Routes, record Tracks and have a ‘Trackback’ facility. See GNSS section.

• A backup set of batteries for your satnav (lithium, see Battery section).

• If your maps are paper, then a waterproof map holder/cover is advisable.

• Waterproof paper, especially if you are printing out your own maps/GNSS route and stellar navigation tables.

• Waterproof notebook – write using a pencil in all wet or dirty conditions.

• 55m of paracord – it is quick drying, rot and mildew resistant and relatively inexpensive. You use it to secure your compass and satnav (rather than the short, flimsy ones supplied by most manufacturers) and also to measure distance in techniques such as The Wheel.

• A backup compass and satnav. An old baseplate compass and a second-hand basic satnav are fine so long as they both function correctly.

• Pacing and timing card.

• Slope angle card.

• Walking or ski poles. If you use these, you can easily mark them to estimate slope angle by marking up one pole into eight equal lengths.

[image: missing]

1 Put the two poles side-by-side and ensure they are the same length.

2 Measure the pole and divide into eight equal lengths using insulating tape to mark each one.

3 From first mark down from the top of the pole write in indelible pen:


41° [image: missing] 37° [image: missing] 32° [image: missing] 27° [image: missing] 20° [image: missing] 14° [image: missing] 7° (The top of the pole is 45°).

You have now created a tool for measuring slope angle that can be used to determine: A. snow slopes prone to avalanche – generally avalanches trigger on slopes ≥30° and slopes of around 40° are the most dangerous;

B. your elevation (height above sea level).



Equipment for SAR and some special environments

• Ruggedized mobile phone.

• Small 406MHz PLB (personal locator beacon).

• Quality pair of compass binoculars.





Psychology

Clear thinking is essential for accurate navigation. Tiredness affects your judgement and panic leads to rushed and bad decisions.



Prevention is the answer so:

1 Take plenty of fuel, in the form of food, and fluids.

2 Keep warm by wearing and packing gloves, hats and so forth.

3 Do not wait until the mist descends; keep prepared by building up a mental picture of your route and constantly compare it with the map.

4 Double-check everything by either confirming what others have told you or estimating a bearing before you take it.

5 Trust in your map and compass.

[image: missing]





SECTION ONE

THE ESSENTIALS

[image: missing]





ENVIRONMENTAL NAVIGATION

From infancy we learn to navigate our environment using all of our senses. Most of the techniques taught in this manual simply mirror innate skills.

Introduction

You will already have a wealth of navigational tools at your disposal which you have been developing and adding to since birth. For example, collecting features that confirm your route is a technique you probably employ everyday travelling to and from work – from noting significant traffic junctions, to registering the noise of the train brake as you approach the station from where you will continue the next leg of your journey. My Day One objective is to break with convention and reawaken these innate skills in the natural environment.

[image: missing]


[image: missing] EXPERT TIP

[image: missing] A major step to becoming a skilled navigator is when you stop thinking about yourself as the reference; instead relate the world around you and the orientation and position of everything in it.



To instruct navigation is simply to formalise these skills and extend them with the mastery of man-made tools. One of the single biggest mistakes that people can make when they teach formal navigation with a Map and Compass is to focus on the use of these tools and to ignore the individual’s natural skills.

Learn to use the wealth of information your surroundings offer you in helping determine where you are. Spend time re-familiarising yourself with the natural environment before you start working with the rest of this manual; a few extra days will make little difference to your overall timetable and learning to read environmental clues is a key component of micronavigation – they are invaluable.

To start with, take a walk on a route you are very familiar with and run through the following check list in the field until it becomes second nature. You will be surprised what else you become aware of – add your own observations.

Wind direction

Wind direction often changes frequently over the period of a day so look for permanent signs of the prevailing wind’s direction, especially trees and shrubs whose branches are bent to shape by the directional wind – they can act as Radial Arms and help you determine the other cardinals of the compass.

Prior to entering an area, determine which way the prevailing winds blow and if they are seasonal. This can be found easily from many sources ranging from meteorological internet sites to local farmers.

[image: missing]

[image: missing]

[image: missing]

Wind speed

Wind speed generally increases the higher you climb and a quick technique to predict the speed in the UK is to count the isobars, if they are 4mb apart (as in Met Office forecasts), covering the UK and allow 16kph (10mph) for each isobar: this will be your rough wind speed at about 300m (1,000 ft) above sea level.

[image: missing]

In this example (seven isobars fall across the length of the UK) you should expect winds up to 70 mph (112 kph) at 300 m (1,000 ft).

Scent

Face the direction the wind is blowing, close your eyes and smell the air. Think carefully about the scents you can detect:


• traffic fumes suggest a road

• the scent of a forest

• farmyard smells

• industrial/factory fumes

• in urban environments, a tube station/subway entrance.



Now look at your map in the direction of the blowing wind and see if any of these features are present.

Temperature

As you gain height the temperature of the air decreases. The amount it decreases depends primarily upon the amount of water vapour in the air and the extremes of these are:


• dry air found in deserts and high mountain ranges, temperature changes at an average rate 10°C/1,000m (<10% relative humidity)

• clammy, muggy air found in rainforests, temperature changes by an average of 5°C/1,000m (saturated air with >90% relative humidity).



Think about where the climate in the region you will be navigating in fits between the two extremes given above and remember that as you lose height the temperature increases by the same values.

In winter conditions look for where the frost has melted on rocks, this will be the side where the sun has shone the most.

[image: missing]

The rate-of-change of air temperature with altitude is primarily governed by the relative humidity of the air and ranges between the two extremes of rainforests and arid deserts.

Vegetation

Take note of what you have walked over – a marsh, sand, grass or heath – and compare it to the vegetation marked on your map. Look for the edges of forests and forest clearings, also the type (coniferous or deciduous), and relate these to where you think you are on the map. Learn the symbols for these different types of vegetation (refer to the legend at the side of your map).

Different plants grow in different habitats and at different altitudes. Prior to embarking upon your trip learn about the plants of the region you will be visiting, how to identify them and where they are likely to be found. At the highest elevations, trees cannot grow and vegetation becomes alpine. Just below the tree line, one may find subalpine forests of needleleaf trees, which can withstand cold, dry conditions. In regions with dry climates, the tendency of mountains to have higher precipitation as well as lower temperatures also provides for varying conditions.

Remember, though, that landscapes change with time, so check your map’s age, and consider things that may have altered the environment, such as the clearing of land for new developments, forest fires, farming usage and so forth.

Geology

Before your journey, mark areas of different geology on your map – this will help give you an indication of where you are? This information is readily available on the internet.

[image: missing]

Sound

Can you hear streams, rivers, waterfalls or traffic? To enhance your hearing cup your hands behind your ears, it will help you identify the direction of the sound. This effect can be dramatic, detecting sounds which ordinarily you cannot hear. With practice this method of direction-finding can be accurate to within ±10°.


• Cup both hands behind your ears.

• Rotate your body, moving your feet and keeping your head fixed forwards, towards the sound.

• Make small adjustments by moving with your feet to where the sound is most intense.

• Keep standing and take a bearing in the direction you are facing.



While navigating in dense woodland, searching for a lost party who were giving six whistle blasts repeated at five-minute intervals, this method was used to find them.

Aircraft

You can either identify commercial aircraft flying overhead using your binoculars or, more commonly, by the contrails (short for 'condensation trails' sometimes called vapour trails or distrails) they leave. The exhaust from aircraft engines create these artificial clouds of condensed water vapour and, depending on atmospheric conditions, they remain observable for anything from a few seconds or minutes, to many hours. All commercial aircraft fly along predetermined air corridors on specific routes and frequently these run in one direction only. As a result, if you know the direction of these flight paths you can use the contrails to determine the other cardinals of the compass. Prior to embarking upon your journey, check which flight paths exist for aircraft in the area. You can find these on internet sites such as www.flightradar24.com. Military aircraft do not use these corridors and tend to fly lower than commercial aircraft.

[image: missing]

Aircraft lighting

All aircraft are required to have a green navigation light on the right side, a red navigation light on the left side, and a white navigation light on the tail which must be on from sunset to sunrise. Additionally, most commercial aircraft have bright flickering white strobe lights (to light up clouds) which can be seen from the ground. Using these lights you can determine which direction that aircraft is moving at night and, if you know the air corridors, you can determine the other cardinals of the compass.

Aircraft obstruction lights

The proliferation of wireless communications has resulted in the building of many broadcast masts and towers. These are clearly visible both during daylight hours and at night as they are usually situated on the highest elevation of land in the area. Consequently they are excellent to use as Attack Points, Radial Arms and when calculating distance from/to.

International Civil Aviation Organisation rules stipulate that all structures above 60m (200 ft) must use night-time aircraft obstruction lights. Typically these are red (constant or slow flashing) and situated on the top of these structures and at predetermined intervals down it.

As most of these towers are a relatively recent introduction, with new ones continually being erected, this is another important reason to use up-to-date maps. Where a structure is not marked on your map take the time to add their location and their height (using your grease pencil or on your digital mapping). Government sites such as www.sitefinder.ofcom.org.uk detail both their exact location and height.

Other tall structures usually located on high elevations include water tanks and wind turbines. Aircraft obstruction lighting is also used on electricity pylons, chimneys, tall buildings and cranes.

Pylons

Many overhead power lines run for great distances in the same direction and can be used as Parallel Features, to Handrail beside and for Radial Arms, prior to embarking upon navigating study a map of the area and search for these (see Techniques section). In addition, there are common types of pylon which are all exactly the same height. By learning to recognise these you can use them to judge distance to/from.

[image: missing]

Sun, moon and the stars

A whole section of this book is dedicated to the numerous techniques involving the sun, moon and the stars – Celestial Navigation.

Bird and animal movement

Check the times of year for migrating flocks of birds – there are numerous websites where you can find this information. Learn to identify them and know which direction they are likely to be flying in.

If there are migrating animals in the region you will be navigating, again find out which species you are likely to see and the routes they follow.


[image: missing] QUIRKY FACT: Researchers at the University of Duisburg-Essen in Germany have found that herds of cattle and deer tend to align themselves ±5° from a line from north to south.




[image: missing] EXPERT TIPS

[image: missing] A westerly wind blows east, northerly blows south and so forth. It is better to stand and feel which way the wind is blowing, turn to face it with your map set and see what is ahead of you on the map.

[image: missing] Professional trackers continually hone and refine their ability to read environmental clues.

[image: missing] Buy books on the local plants and trees of your area; they are interesting to read and help bring your environment alive.

[image: missing] A bright white light seen travelling across the sky at night may be the Space Station! See www.heavens-above.com.



Clouds

The surface of the earth’s reflection on the bottom of clouds can indicate the type of terrain beneath them.

If the natural light is failing, search the sky above the horizon for a patch of light which could be the reflected light from a small town – the light pollution from a small town at night is visible from 15 km, the light from a city from 50 km.

In the arctic regions the colour of the underside of clouds gives you clues as to the type of land beneath:


• Black – open water, snow-free ground and forestation

• White – snow fields and sea ice

• Grey – new ice

• Mottled grey – pack ice or drifted snow.



Places of worship

Religious buildings are usually aligned in a specific way to the cardinals of the compass. Christian churches are generally aligned east–west, with the high altar on the eastern side. Most mosques contain a niche in a wall that indicates the qiblah, which is the direction of a point in Mecca towards which a Muslim prays during salah. The latitude/longitude of this point is 21°43'N 39°06'E – so before you venture out, check on Google Earth where it is in relation to the area you will be navigating in.





MAPS

You are going to learn to work with topographic maps, all of which share the same basic features.



Introduction

Maps are the most essential tool used to navigate. Much of the time navigation can simply be a matter of using a map alone, by relating what you see on the map to your surroundings.

[image: missing]

Whether printed or digitally displayed, a map is a representation of features and objects from rivers and mountains, to communication towers and churches. They are all drawn to scale, so the distances between features on the map are in proportion with the actual landscape.

These basics are intended to be applied to topographic maps from British OS, American USGS and German Bundesamt für Kartographie und Geodäsie, to Swiss Swisstopo, Australian NATMAP and military maps ... in fact any topographic map!

Map types

Maps come in four formats:


• Printed maps

• Digital maps

• Satellite and aerial photographs

• Custom maps.



Printed maps

Every country has its own particular mapping and grid system that are based upon projecting their region of a spherical world onto a flat surface; because of this, all maps will have small inaccuracies.

A printed map is a ‘birds eye’ (looking down), two-dimensional (flat) representation of a curved surface (as the world is a sphere).

Topographic maps have lines of elevation (height) drawn on them which can, with practice, be easily interpreted by the reader to create a three-dimensional image of the land. (Contours)

They also show both natural and man-made features such as roads, rivers, buildings, often the nature of the vegetation, and the names of mountains, hills and districts.

Maps are based on their own grid north, which is usually different to either true north or magnetic north, and when using a compass you need to make adjustment for this difference (The Three Norths).

Most countries have their own national mapping agencies, such as Ordnance Survey (OS) in the UK and the United States Geological Service (USGS) in the USA.

In addition, specialist cartographers create maps for walkers, hikers and mountaineers such as Harvey Maps in the UK (www.harveymaps.co.uk). These maps are compiled from Harvey’s own original aerial surveys (not redrawn from OS maps) and then field-checked by experienced surveyors. The presentation emphasises contours and topographical features while the subtle use of colours makes these maps very easy to read in the field.


[image: missing] EXPERT FACT: We need to think of digital maps as Location Data which we can customise.



Digital maps

Digital maps are dealt with in detail in the Digital Mapping and GNSS sections. In summary they look the same as printed maps but are displayed as an image on an electronic device. In practice there is a whole lot more you can do with them.

National mapping agencies, such as Ordnance Survey and United States Geological Survey, allow access to their maps online: leisure.ordnancesurvey.co.uk/products/digital-maps and nationalmap.gov/digital_map respectively.


[image: missing] EXPERT TIP

[image: missing] It is worth remembering that while many mapping sites contain national data, they do so by keeping licensed copies of the data on their own servers, rather than direct links to the national mapping agencies website. This means that this data can be perhaps a year or two out of date on these third-party websites. For the latest definitive mapping data, always go to the national mapping agencies free map website.




[image: missing] THE MAPPING REVOLUTION

It seems strange to talk about an enormous transformation in something as well-established as cartography, yet this is exactly what is happening. The revolution is the shift from paper maps to paperless maps – Digital Mapping in other words.

Conventional map data is compiled and formatted into a virtual image, which can then be used in computer applications such as Google Earth and also loaded into electronic navigation devices such as car satnavs and handheld satnavs.

Digital mapping also allows for a transformation from simple greyscale contour maps to full-colour 3D maps which can be virtually toured.

In recent years, digital mapping has come into its own allowing the user to customise their maps. Just a few examples are:


• Car satnavs, where locations such as home or work are marked.

• South Wales Fire Service, UK, have added features critical to their work, such as fire hydrants and detailed building plans to this database.

• In my Mountain Rescue (MR) team we have added all gates and tracks through fields and across the mountains where a stretcher can be carried – over 2,000 of them.



Furthermore, digital map locations can include popup/dropdown windows with additional information about the feature. So, for example, the Fire Service’s building plans have information about hazardous substances that may be present, the identity of any key-holders – and because they are paperless they can be continually updated.

Many smartphones come with inbuilt satnav. You can view on their screens a map that can show where the nearest public defibrillator is in relation to where you are, the nearest bus stop, ATM, pharmacy, cinema. The list of bespoke information which can be added to virtual maps is almost endless.

There are free editable maps of the whole world available online, see micronavigation.com, which are created by anyone who wants to contribute, in the same way as Wikipedia. These sources allow you to view, edit and use geographical data in a collaborative way from anywhere on earth.

The car satnav manufacturer TomTom have an online community which receives thousands of corrections every day from its millions of users, not just updating road changes but also intelligent routing based on real traffic speeds.



Satellite and aerial photographs

With the advent of Google Earth and Microsoft Virtual World, aerial maps are available to anyone with access to the internet and they now constitute a significant component of navigation, especially when used in association with GNSS.


• A recent aerial photograph shows changes that may have taken place since the topographic map was made.

• In Forest areas where either felling or new planting has taken place.

• In Urban areas, principally on the fringes of cities, towns and villages, where new housing may have been built and also around industrial sites showing new units.

• All regions where new roads are either under construction or have been built.

• Many military features are not shown on topographic maps.

• Disaster areas for SAR, from flooding to plane crash sites, which can be available within hours of the incident and continually updated.

• Remote areas of the world, such as Jungles, which may not as yet have been mapped.



The drawbacks to aerial maps are:


• It is not always easy to ascertain how old internet images are.

• The scale and position location are estimates.

• Features can be difficult to identify without map symbols.

• Contours are difficult to interpret without overlapping photographs used in combination with stereoscopic viewing equipment.

• Colour contrast and tone can be very similar, unlike a topographic map, making them difficult to use in poor visibility.

• To interpret aerial maps expertly takes a great deal of training compared to topographic maps.



When Aerial Photographs are used in conjunction with Topographic Maps they provide the most accurate detail of the terrain for navigation possible.

Custom maps

This is a revolutionary and exciting development, made possible by the advent of the internet and the development of digital mapping. These days you are able to take any map, whether paper or a digital image downloaded from the internet and use it to navigate with on your satnav mapping receiver. See GNSS Advanced section.



In summary, digital maps, satellite and aerial photography, and custom maps are these days all potentially important navigational aids – yet they cannot replace conventional printed topographical maps; instead they add significantly to their effective use.


[image: missing] QUIRKY FACT: Cartographers occasionally hide their names on maps.

[image: missing]

[image: missing] QUIRKY FACT: OS make on average 5,000 additions a day to their UK mapping – 99.9% of any significant feature over 5m on the land will be mapped within six months.



Scale

Let’s get the tricky part out of the way now: map scales! Scale is the relationship between distance on the map and distance on the ground. It is given as a fraction or a ratio – 1/25000 or 1:25000 – and is always printed on the map.


• Example: A map with a scale of 1:25000 means that every one unit of measurement on the map (like a centimetre) is the same as 25,000 of those units (in this case 25,000cm or 250m) in real life. If the scale is imperial rather than metric it makes no difference: on a 1:63360, 1inch on the map would represent 63,360 inches (1mile).



The first number (map distance) is always 1. The second number (ground distance) is different for each scale – the larger the second number is, the smaller the scale of the map. ‘The larger the number, the smaller the scale’ sounds confusing, but in fact it is easy to understand.

In the small-scale map (such as 1:250000) there is less room; therefore, everything must be drawn smaller, and some small streams, roads, and landmarks must be left out altogether. On the other hand, the large-scale map (1:25000) permits more detail but covers much less ground.


• Large-scale maps show small features on the land, such as an individual house.

• Small-scale maps show large features on the land, such as an entire town.



Maps are published at different scales and it’s important to choose the right scale for the task. In the UK, OS produce outstanding maps. Their 1:25000 scale maps are called Explorer maps and there are 403 printed versions which cover the UK. Their 1:50000 maps are called Landranger and 207 of these printed maps cover the UK.

Explorer maps show minor paths, field boundaries (walls and fences), open access areas and public rights of way (except in Scotland), and small areas of marshland, rocky ground and small streams: Landranger maps do not show these.

However, Landranger maps do have their place in walking and mountaineering; indeed, some other Scottish MRT use these as standard issue where fences and rights of way are unimportant and where they need to view larger areas of land. A few years ago I trekked across the Cairngorm Plateau and I used Landranger maps quite simply because it meant I had less to carry!

[image: missing]

an entire town

[image: missing]

My MRT use Explorer (1:25000) maps as standard issue. A number of the northern Scottish MRTs I work with prefer the Landranger maps, and Icelandic teams use 1:100,000 scale when working on the vast glaciers and icecaps there. It is really down to personal choice, how complex the terrain you are working in is and how large an area you need to search. I personally prefer to use 1:25000 scale maps and they are mainly used in this book. In towns 1:10000 or even larger-scale maps are more appropriate.

When I am instructing teams, I place a great deal of emphasis on manually personalising and updating maps; you should do so too. Annotate your maps, indicating streams that have dried up, paths that are incorrect, a rock fall or wash-out, unmarked potholes, new tracks, overgrowth, scree and so forth.


[image: missing] EXPERT TIPS

[image: missing] Buy the most up-to-date maps you can: from the minute they are produced maps start going out of date.

[image: missing] ‘Tourist’ features in blue ink (Nature Trails, Visitor Centres and – importantly – ski-lifts) are not placed accurately. They should NOT be used as navigation aids.

[image: missing] When navigating across national boundaries, be careful if using maps from different countries. For example, the French tend to use 10m contour intervals, whereas the Swiss use 20m intervals – so what looks like a navigable slope on a Swiss map, if you have been using 10m intervals, is in reality twice as steep.







MAPPING SYSTEMS

Maps are a graphic representation of the real world. Cartographers project images of the earth onto flat surfaces – these are called mapping systems.


First of all let’s clear up a common misunderstanding about the difference between a coordinate system and a grid system:


• a coordinate system describes an exact location – RED CIRCLE

• a grid reference places you inside a grid square – BLUE CIRCLE.



The coordinates for the red circle are 3,3 – it is an absolute position. The grid reference for the blue circle is 1,4 – it would place you anywhere inside this small square. For a detailed explanation of this see Using Grid References and Coordinates. We use coordinate and grid reference systems to describe a point on the earth’s surface.

[image: missing]

Global mapping systems

There are three main systems used for the world and specifically one for the poles.


• Longitude and Latitude. Extensively used in aviation and maritime navigation, they are also used in land navigation.

• The Universal Transverse Mercator (UTM) covers all of the earth with the exception of the Arctic and Antarctic.


[image: missing] WORLD GEODETIC SYSTEM (WGS84): A map datum is a three-dimensional model of the earth with the centre as its origin on which mapping, grid and coordinate systems are based. The earth is not a perfect sphere; instead it is shaped more like a beach ball that is being slightly squeezed (at the North and South poles, making it fatter around the equator) – a shape that is known as an ellipsoid. Map datum have been created to represent this shape and include a nominal average sea level, but they do not model mountains and valleys. The WGS84 is the underlying datum for most maps, every satnav and is the world standard for digital mapping.



• Universal Polar Stereographic (UPS) uses the same conventions as the UTM and covers the Arctic and Antarctic only.

• The Military Grid Reference System (MGRS) is derived from the UTM and UPS grid systems, but uses a different labelling convention.



All these coordinate and grid systems have the North Pole at the top.

Latitude and longitude

This is the universal coordinate system used the world over. All air traffic and maritime vessels use it, plus many of the emergency services.

Latitude

• All lines of latitude run horizontally around the globe

• lines of latitude run parallel east to west

• used to express how far north or south you are, relative to the equator

• shows your location in a north–south direction

• latitude is an angular measurement in degrees from 0° at the equator (low latitudes) to 90° at the poles (+90° N for the North Pole or --90° S for the South Pole)

• lines of latitude are always the same distance apart – 1° = approx. 110km

• abbreviated to Lat

• sometimes called parallels.

Longitude

• all lines of longitude run vertically on the globe and converge at the poles

• start at True North

• shows your location in an east–west direction

• longitude is given as an angular measurement ranging from 0° at the Prime Meridian (also known as the International Meridian at Greenwich, England) to +180°E and --180°W

• abbreviated to Long

• sometimes called meridians.


Long/lat is measured in degrees (°), minutes (') and seconds ("). 60 seconds = 1minute; 60 minutes = 1 degree.

[image: missing]

Latitude – equator in red

[image: missing]

Longitude – International Meridian in red

A specific longitude may then be combined with a specific latitude to give a precise position on the earth’s surface which is known as ‘absolute location’.

Latitude and longitude is generally expressed in three ways. The latitude is always given first followed by the longitude:

[image: missing]

Like all coordinate systems it can be very accurate. For example at the New York Yankees Baseball Stadium the lat/long coordinates for these two positions are:


• Pitcher40°49'36.96" N73°55'40.56" W

• Batter40°49'37.00" N73°55'41.47" W



Map datum again!

There is no one agreed latitude and longitude map datum (mathematical model of the earth) and consequently different systems of latitude and longitude in common use today can vary by up to 200m for the same location. This map shows three points which all have the same latitude and longitude using three different map datum (WGS84, OSGB36 and ED50). So long as everyone knows which map datum you are using it does not matter but it stresses the importance of sharing this information.

[image: missing]

Universal Transverse Mercator (UTM)

After the latitude/longitude coordinate system, the UTM is the most commonly used grid system in the world and many countries, such as Germany and Italy, use it as standard on their national topographic mapping. It differs from lat/long in several ways and is perhaps more straightforward to use.

[image: missing]

Instead of being a single map projection UTM employs a series of 60 zones, each 6° of longitude wide. The central vertical of each zone (the UTM north/south grid line) is aligned with the central meridian (a line of longitude). Therefore, there is no difference between grid north and true north in the middle of the map. The further you move from this grid line east or west, the greater the difference between grid north and true north becomes – although spatial and directional distortion remains less than one in a thousand inside each zone. The system does not map the polar regions (latitudes greater than 84°N and 80°S), thus avoiding the area where the lines of longitude converge and meet.


• Zones are logically numbered from left to right 1 to 60

• each zone is separated into 20 latitude bands

• they are measured using the metric system (km and m)

• grid values increase from left to right and from the bottom up

• grid references are very logical to follow and read in common with all other grid systems: Easting – left to right; Northing – bottom to top.



To learn how to read a UTM grid reference see: Reading a Grid Reference.

As UTM is not a single map projection but a series of independent map projections, one for each of the sixty zones, grids are square to each map but don't match at the edges when joined to a map of an adjacent zone – so for uses such as maritime and air travel, where navigation is over great distances, lat/long is preferred.

Universal Polar Stereographic (UPS)

The UTM map projection is designed to cover the region between latitudes 84°N and 80°S. North and south of this limit (at the poles) another grid system called the UPS is used. At first the coordinates appear be quite cluttered – with different letters and numbers across the grids – yet, like all grid systems, it is actually very straightforward to use once you understand the notation. There is one projection for the Arctic and another for the Antarctic.


• UPS is a square-grid system centred on the poles

• The poles are assigned an imaginary easting and northing of 2,000km.

• east to west is defined by the 090°W to 090°E lines of Longitude.

• north to south is defined by 000° to 180°




[image: missing] EXPERT FACTS: The UTM grid system does not cover the polar regions which is why the UPS was created.

[image: missing] The UTM zones which cover Great Britain are 29 (central meridian, 9° W), 30 (central meridian, 3° W) and 31 (central meridian, 3° E).

[image: missing] UTM zones are uniform over the globe, except in two areas. On the southwest coast of Norway, the UTM zone 32V is extended further west, and the zone 31V is correspondingly shrunk to cover only open water. Also, in the region around Svalbard, the four zones 31X, 33X, 35X, and 37X are extended to cover what would otherwise have been covered by the seven zones 31X to 37X. The three zones 32X, 34X and 36X
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Obtain as clear a view of the sky as possible when using satnav.
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