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Conventions and Credits



Distances: In general terms, distances are given in kilometres, except where a distance is given in statute miles within a quotation. In those cases, a metric equivalent is provided.


Navigation distances: When discussing navigation at sea, distances are given in nautical miles (nm) for the simple reason that it is the only measure that derives from the geometry of the Earth. One nautical mile = one-sixtieth of one degree of latitude and is approximately 1.2 statute miles. A ‘knot’ is not a distance but a speed: one nautical mile per hour. That’s the way it has to be.


Measurements: Measurements are in the metric system, although I may occasionally slip in feet when giving the length overall of a boat.


Dates: Historical dates are quoted using the new convention. ‘AD’ is now ‘CE’ (Common Era) and ‘BC’ is ‘BCE’ (Before Common Era). Specific dates are expressed as day-month-year, with the month spelled out to avoid confusion (eg, ‘11 July 2017’. I may occasionally refer to a date as ‘July 11’ when an entry is to be found in a table and the month comes first.


Time: Greenwich Mean Time (GMT) is now referred to as Universal Time (UT) or Universal Time Corrected (UTC). But it is also sometimes referred to as ‘World Time’, and by the military as ‘Zulu Time’. I quite like the sound of ‘World Time’, but will use UTC and GMT in this book. Actual times are shown as four digits, without punctuation and always using the 24-hour clock.


Maps: Unless otherwise sourced, the maps were produced using Map Maker Pro, available from www.mapmaker.com.


Star charts: Images of the night sky were created using Patrick Chevalley’s Cartes du Ciel software (available from www.ap-i.net/skychart) and Stellarium (from www.stellarium.org). The latter is an open source project developed by an impressive group of coders, testers and translators. It runs on Linux, Windows and OS X and is available in about 60 languages.


Astronomy: Back in 2004 when I was writing the first edition of this book I got some great help from a chap called Keith Burnett, a college mathematics teacher and astronomy enthusiast. I thanked him for his expert guidance on celestial matters, absolved him of all responsibility for my mistakes and sent him a copy of the book. Sadly, his useful website has sunk without trace. ‘Keith’, however, has risen with much trace; he turns out to be Sir Keith Burnett CBE, FRS, vice-chancellor of Sheffield University. Thanks again, Sir Keith!


Motivation: Thanks also to: Philip Barnard, professional yacht racer and managing director of the Barefoot Group in St Vincent and the Grenadines, for his enthusiasm for barefoot navigation; Pesi Sorab for encouraging me to race dinghies back in the day; and Elizabeth Multon and Penny Phillips, my splendid editors at Bloomsbury/Adlard Coles Nautical.



Foreword to the New Edition


‘I saw Eternity the other night…’

(Henry Vaughn, The World, 1650)

I’m enthusiastic about barefoot navigation, but far from dogmatic. Being in awe of the natural world does not preclude me from admiring the accomplishments of science. Satellite navigation systems are the only practical application of Einstein’s theories of relativity; they work because the clocks in satellites tick faster than the clock in your receiver by 38 microseconds a day. Think about that. In its day, Charles Babbage’s concept of the mechanical computer for calculating navigation tables was equally impressive – but sat-nav actually works and has become universal.

Nor am I a vegan-style purist: I lose no sleep over the notion that a Cessna 340 landing in the distance creates a horizon event, which hints at a course-to-steer for landfall. It does not have to be a blue-footed booby nest-bound to feed the fledglings.

The thing is this. When you depart one haven for another using GPS, GLONASS or Galileo your achievement relies on someone else’s enterprise. (Unless, that is, you work for NASA, the European Space Agency or another space agency.) When you sail from marina to anchorage by picking out signpost stars in the night sky your achievement is founded in something you did, stuff you learned and practised. You can enjoy an mp3 of Art Pepper’s ‘Round Midnight’. Or you can try to play it yourself on an old alto sax bought for half the price of a new iPhone.

In this edition there’s more ‘forensic navigation’, in which I challenge outlandish claims about the skills of ancient wayfinders, the patronising proposals that there was something mystical about what they achieved. Why is it so hard to accept that they were really good at holding detailed information in their heads, at passing it on from generation to generation and at putting it to good use offshore?

Professor of History at the University of British Colombia Richard Unger has thought long and hard about the role of science in the practice of wayfinding and sets it all in perspective:


‘Navigation is taken to be, especially in the twentieth century, an exact science. For sailors at the end of the Middle Ages, navigation was far from that. Even those sailors who made their way across the Atlantic and Indian Oceans still relied on old, simple methods to establish their position, methods based on traditional practice divorced from the theories of geographers and astronomers. Navigation needs to be understood in a broad sense. It may well be, and has increasingly become, first an idea or understanding of what the natural world might be like. But second, and more important in earlier centuries, it was a bundle of knowledge which helped solve the problem of getting from one spot to another by water.’1


Acquiring the ‘bundle of knowledge’ that makes you a more skilful navigator also makes you an astute astronomer, an outstanding oceanographer and a high-flying ornithologist. You become unplugged from the flow of electrons and instead gain new confidence from being connected with the natural world around you.

‘That star over there, the one about to touch the horizon, gives me a heading of 232°,’ says the unshod wayfinder, ‘a touch north of south-west.’

Having that knowledge changes your relationship with the night sky in general and in particular with the star Shaula in the tail of Scorpius. At no extra cost, you also learn a new Arabic word: shaula means ‘the stinger’.

The most expanded practical section of this book is on astronavigation. I was inspired by the way British schoolchildren responded to ESA astronaut Major Tim Peake’s 2015–16 mission to the International Space Station. For me, the wide-eyed willingness of so many youngsters to push the boundaries of their ideas and ambitions beyond their smartphone screens was – at a time when other borders were being sealed and walls being built – stimulating. Beyond that there seems to be substantial public interest in astronomy. The day before I wrote these words the BBC ran on its main news bulletins reports that a potentially inhabitable planet had been discovered orbiting the nearby navigator’s star Alpha Centauri. A few weeks earlier a proud dad, gold-medal Olympic sailor Sir Ben Ainslie, announced that his newborn daughter would be named ‘Bellatrix’, after a navigator’s star in the constellation of Orion.

There’s a problem, though. Many times I have stretched out on a cramped fo’c’s’le bunk and stared through an open hatch at the limitless expanse of the night sky. But light pollution, especially in Europe and North America, has already become a nightmare. In 1994 a pre-dawn earthquake plunged most of Los Angeles into darkness. The following day the Griffith Observatory, between Glendale and Hollywood, reported taking calls from anxious residents asking, ‘What the hell happened to the sky?’ After being told they could now see the stars, the planets and the Milky Way, Angelinos were also able to say, ‘I saw Eternity the other night.’

Jack Lagan
June 2017



A Short Lexicon


Here are a few useful nautical terms; specific words relating to navigation will be explained in the main body of the book.


Aft: the rear end of a vessel; the stern. As a noun: ‘I am going aft.’ As an adjective: towards the stern, ‘the aft cabin’.


Back: an anticlockwise change in the wind direction; eg, when the wind changes from 180° (South) to 090° (East) it is said to have ‘backed’. See also veer. It is easy to remember the difference; clocks go back – anticlockwise.


Beam: either side of a vessel between the bow and the stern; the port beam; the starboard beam. Or the width of a vessel at her widest part.


Bow: the front of a vessel (often referred to as the ‘pointed end’, though some yachts have a pointed end at the stern, too); ‘in the bows’ merely refers to the front of a ship or boat. ‘Bow’ rhymes with ‘cow’ rather than with ‘tow’.


Course: generally, the direction in which a vessel is travelling; this might not be the direction in which she is heading. After allowing for the effect of wind and tide, the direction actually travelled is known as ‘course made good’, which is, strictly speaking, a line from the present position (the ‘fix’) back to the previous known position. Courses are represented as 0–360° from North (000°), 090° being East, 180° being South and 270° being West.


Deck: a platform in a boat or ship covering all or part of the hull area at any level and serving as a floor.


Halyard: a line used to haul a sail up into its working position; in practice, there would be a separate halyard for the mainsail, the jib (or genoa), the spinnaker and the mizzen sails; in modern yachts, halyards are often routed inside the relevant mast. The word probably derives from ‘haul’ and ‘yard’, a ‘haul-yard’.


Heading: the direction in which a boat is pointing; because the sea moves, this is not usually the same as the direction in which she is travelling.


Helm: the device by which a boat is steered (ultimately by changing the angle of the rudder to the fore-and-aft line of the vessel); it may be a tiller or a wheel, and also refers to the person steering the vessel.


Hull: the floating body of a boat; excludes the rigging in the case of a sailing boat.


Keel: for the builder, the keel is the main component of a boat’s hull, providing the ‘backbone’ from which the forming ribs project. For yachtsmen, the keel is the component of a sailing boat that projects from below the hull and carries the ballast used to counter the heeling moment caused by the effect of the wind on the sails – it keeps the boat upright in the water. Also serves to minimise the sideways movement of the boat.


Lines: ropes, cords or cables on a boat or ship.


LOA: Length overall, the overall length of a vessel; I won’t concern you with the other lengths boatbuilders will go to…


Mast: a vertical spar used to support a sail so that it will catch the wind.


Navigator: a practitioner of the honourable skill of being able to (a) determine, at any instant in time, using whatever means available, the location of a vessel at sea to the greatest degree of accuracy possible and (b) plan the safest and most expeditious route between any points of departure and arrival. This is sometimes claimed to be an art.


Oar: a wooden pole with a flat end (the blade) used for propelling a boat.


Pelorus: an instrument similar to a mariner’s compass, but without a magnetic needle.


Pilot: a coastal navigator qualified to guide vessels into and out of ports and harbours and through other restricted waterways such as canals. The word comes from the Greek pelotus (helmsman) through the Latin pilotus.


Port: the left-hand side of a vessel when facing forward; used to be called the ‘larboard’ side because it was where the leeboard was fitted. In pre-rudder days the right-hand side, starboard, was where the steering board was, and therefore it could not be jammed against the pilings.


Quarter: the aft port and starboard corners of a vessel. Anything abaft the beam is referred to as being on the port or starboard quarter.


Rigging: the arrangement of lines (ropes, cables and chains) used to control the sails of a vessel; the standing rigging is the system of shrouds and stays used to keep the masts in place, the running rigging is the system of sheets and halyards used to control the sails.


Rudder: a long flat(ish) plate hinged to the transom or keel of a vessel and connected to a tiller, wheel or tipstaff by way of a rudder post. Movement of the tiller or wheel is transferred to the rudder, which then causes the boat to change direction.


Sheet: the lines connected to the clew of a sail, which enable its angle to the fore-and-aft line of the vessel (and therefore to the wind) to be adjusted for optimum performance.


Shroud: a line (usually a cable) running from the deck edge or gunwale up to the mast as a means of providing lateral support; most yachts have one shroud each side, some two.


Spar: a wooden, metal or synthetic material support for a yacht’s rigging; a generic term for booms, yards, gaffs and poles.


Starboard: the right-hand side of a vessel when facing forward; the side on which the ‘steering board’ used to be fitted in the days before the rudder took over as the preferred method of getting a boat to point in the right direction.


Tiller: a length of stout wood attached to the top of a rudder post, thus enabling the rudder to be turned and the boat to be steered.


Tipstaff: a tiller-like steering arm, but set in a vertical instead of a horizontal plane; now rarely seen.


Transom: the flat surface forming the stern of a boat, a horizontal beam reinforcing the stern of a boat.


Veer: a clockwise change in wind direction; eg, when the wind direction changes from 180° (South) to 270° (West), it is said to have ‘veered’. See also back.


Wake: the trail of disturbed water left by any vessel as it moves through or over the water.

‘Then the names of all the other things on board a ship! I don’t know half of them yet; even the sailors forget at times, and if the exact name of anything they want happens to slip from their memory, they call it a chicken-fixing, or a gadjet, or a gill-guy, or a timmey-noggy, or a wim-wom – just pro tem, you know.’

(From Spun Yarn and Spindrift by R Brown, 1886)

Perhaps I should have included a definition of ‘chicken-fixing’?



A Barefoot Philosophy for the 21st Century



GPS: The Death of Navigation?

If I had a gold sovereign for every time I’d been told that the Global Positioning System, or GPS, had spelled the demise of the shipboard navigator I would be sailing an Oyster 72 and be able to afford the mooring fees. It is certainly true that a ‘GPS user’ is not the same thing as a wily wayfinder, especially one who doesn’t throw up after ducking below in bad conditions but can conjure up a decent meal in indecent weather. In other words, there is a lot more to navigation than pushing a button to get the course-to-steer to the next waypoint.

This book is not a rant against modern technology. People of the modern world, especially 21st-century seafarers, have every reason to admire satellite navigation as one of the most remarkable achievements of their own era. The efforts of Professor Einstein, the aerospace industry and microchip manufacturers intersect at the traffic lights and tell someone who has never seen the sea to turn left into the supermarket car park. My car has one of those gadgets and I love it. But this book is about something else.


The Barefoot Navigator renews emphasis on personal skills, special knowledge and the use of the senses – especially the real sixth sense, common sense. I remember clearly the first time I saw this kind of thing in action; I was nineteen and I was out fishing for sharks in the English Channel on a Falmouth boat called Huntress. Shortly after first light, we cast off from Custom House Quay and headed south out of Carrick Roads. After an hour or so we were somewhere off Rosemullion Head. This much I knew. But skipper Robin Vinnicombe was a Cornishman born and bred and these were his waters. I put Huntress into neutral and Robin stood by the fighting chair and peered through the mist, first west towards the Helford Estuary and then north back towards Pendennis Point. There were no charts or pilots on board; everything concerning navigation was in the skipper’s head. He was trying to put us on a very precise point where we could haul the mizzen sail and drift to the east leaving a trail of chum to tease in the blues and, hopefully, the Holy Grail, that really big mako. Finally Robin nodded; we were in the right place, we could bait the hooks.

Of course Robin Vinnicombe didn’t see anything special in what he was doing. Once I’d learned coastal navigation I could use a hand compass to take bearings on two or three marks, convert from magnetic to true, draw the position lines on the chart and, eventually, get a great fix. Robin’s magic lay in knowing so many transits that he didn’t need the compass, and his cranial chart of that area off the Lizard Peninsula was so damned good that he didn’t need any help from hydrographers either. Of course, I can use my coastal navigation skills anywhere on the planet; but I need a bearing compass and the right chart – or the local version of Robin Vinnicombe. The other consideration here is that we are looking at the very earliest form of navigation – coast-hugging. Once out of sight of land, different techniques come into play, methods that enabled ancient peoples to undertake long ocean voyages and which were the starting point for what I call ‘barefoot navigation’.

Decades after my fishing expeditions off Falmouth, in the early days of GPS, I was planning a daylight passage on a 42-foot sloop over an open stretch of water between two islands in the Caribbean. The distance was only about 60 nautical miles but it was important to make landfall before dark. Once offshore, we encountered a heavy swell coming from astern. We quartered the sea to get a more comfortable ride, but as that was a couple of points off our steering course, I plotted a GPS fix every couple of hours, increasing the frequency as we got closer to our destination. What was making me edgy was the need to avoid getting caught off a lee shore before rounding the island and then having to find the anchorage on the far side behind a reef. It didn’t turn out to be a problem – the sun touched the horizon as our CQR anchor touched the bottom. What was interesting, though, was that our desire for a comfortable trip and the fact that we paid attention to our angle to the swell also gave us a straight-line course for over 50 miles. A local boatman would have known that, of course; one look at the direction of the swell would have determined his strategy for the crossing. That’s barefoot navigation. Only my unfamiliarity with the area made me resort to technology for peace of mind.

This is small beer when compared with the skills deployed in the days of low-tech navigation. This is how the redoubtable Joshua Slocum describes his fogbound approach to Ilha Grande off the coast of Brazil. It was April 1887 and he was captain of the merchant barque Aquidneck out of New York:

‘Down the river and past the light-ship we came once more, this time with no halt to make, no backing sails to let a pilot off, nothing at all to stop us; we spread all sail to a favourable breeze, and reached Ilha Grande eight days afterward, beating the whole fleet by two days. Garfield kept strict account of this. He was on deck when we made the land, a dark and foggy night it was! Nothing could be seen but the dimmest outline of a headland through the haze. I knew the place, I thought, and Garfield said he could smell land, fog or coal-tar. This, it will be admitted, was reassuring. A school of merry porpoises that gamboled under the bows while we stood confidently in for the land, diving and crossing the bark’s course in every direction, also guarded her from danger. I knew that so long as deep sea porpoises kept with us we had nothing to fear of the ground. When the lookout cried, “Porpoises gone,” we turned the bark’s head offshore, backed the maintops’l, and sent out the ‘pigeon’ (lead). A few grains of sand and one soft, delicate white shell were brought up out of fourteen fathoms of water. We had but to heed these warnings and guides, and our course would be tolerably clear, dense and all as the fog and darkness was.

The lead was kept constantly going as we sailed along in the intense darkness, till the headland of our port was visible through the haze of grey morning. What Garfield had smelled, I may mention, turned out to be coal-tar, a pot of which had been capsized on deck by the leadsman, in the night.’2


Oh well, at least Garfield had all the makings of a barefoot navigator; and he was the ship’s boy, not the ship’s cat.

On passages measured in days rather than hours, other elements come into play. Are we still sheeted the same as yesterday for these trade winds? Is the sun still rising on our starboard quarter and setting just left of the bow? And then the overture to landfall: a white petrel arrives to fish, and as we watch it leave, we notice a wisp of cumulus above the horizon. Land? We make a slight adjustment to our course. Land!

A Strategy for the Future


‘It is far better to have absolutely no idea of where one is – and to know it – than to believe confidently that one is where one is not.’ (Jean-Dominique Cassini, astronomer, 1770)

As the passion for recreational offshore sailing grew in the second half of the 20th century, so did an awareness for the need to teach boat-handling skills and navigation on a more formal and standardised basis. At the forefront of this development was the Royal Yachting Association.a For what must be thirty years the RYA has developed and administered a carefully structured set of courses that meet the needs of everyone from children learning to sail dinghies to those wanting to venture across high seas. Having (belatedly) taken some of these courses, I can vouch for their soundness and practicality; they have saved lives and helped thousands to enjoy their time at sea.

The navigational content of the RYA courses is best represented by two first-rate books. In The RYA Book of Navigation,3 author Tim Bartlett covers all the ground (except weather and the Rules of the Road) up to Yachtmaster Offshore. This is just theory, of course; you have to pass a shore-based course and then get through a practical assessment at sea to be awarded the ticket. Much of the material is essential ‘driving licence’ stuff: charts, latitude and longitude, measuring distances and direction, lights and buoys and tides – a vital consideration in British waters. Position fixing, estimating a course and passage planning are all done with the right emphasis on the fundamental concept of vectors, a good understanding of which is essential to all forms of navigation. And, for good measure, Bartlett adds chapters on the use of satellite navigation and radar.



Ocean Yachtmaster4 takes over where the previous book leaves off. Apart from sections on global weather systems and passage planning, this is essentially a course in astronavigation using a sextant. Now it’s a question not just of getting across the Channel to France but of safely reaching Tenerife for the transatlantic passage to Barbados. That first leg will in itself easily exceed the 600 nm distance needed to get through the practical part of the Ocean Yachtmaster ticket – as long as you stay out of sight of France, Spain and Portugal and keep a detailed and accurate log of your work with the sextant. The assessment is done by interrogation; you have to stand to attention before a seasoned old RYA-appointed salt and convince him that you sailed as skipper or first mate and that, yes, that really is your handwriting and calculation in the coffee-stained log. There is probably no better way of doing it, and the RYA courses have been adopted around the world as far as Australia, South Africa and the Caribbean.

But this is where I have a problem. In the era of satellite navigation it makes no particular sense to have one’s skills as an ocean navigator tested by one’s aptitude with a sextant. One might just as well use a quadrant, a backstaff or even an astrolabe for the purpose – they do the same job to differing degrees of accuracy and are equally obsolete in terms of anything other than teaching fundamental concepts and being part of the regalia of a shaman of the sea. If you safely undertook your trial voyage from the Solent to the Azores with no instrumentation other than an emergency GPS set in a locked and sealed box, would that cause you to fail your Ocean Yachtmaster assessment? Yes, it would. The skills of the barefoot navigator are not better than those of the sextant user, they are merely different. I would also propose that barefoot knowledge cannot be put back in a casket in the same way that a sextant and navigation tables can. There must be more than a few ocean navigators who have done just that after passing their grilling by the examiner – they put the sextant back in its box (or on the mantelpiece) and switched on the GPS system.

I am not, as will now be evident, arguing that the venerable history of navigation be scuttled in favour of a GPS app on a smartphone; on the contrary, my argument is that it be embraced to enhance the fundamental wayfinding skills of all seafarers.


The Barefoot Navigator, then, is part history, part textbook and part polemic. It comprises four main parts.

The first (‘The Remarkable Skills of the Ancients’) is an introduction to the basics of barefoot navigation written in the context of the strategies and techniques believed to have been used by wayfarers long before the advent of the most rudimentary technology. This will enable the reader to become acquainted with the fundamentals of navigating at sea without compass, charts, timepiece and sextant, while enjoying a few tales of exploration and adventure.

The second part (‘Practical No-Tech Navigation’) is more specifically concerned with the practical considerations of exploiting the same special knowledge used by the ancients; after all, the sun still rises in the east and sets in the west and will continue to do so for the foreseeable future. Not all these methods can be employed at all times of day; the stars cannot be seen during the day, and without being able to see the horizon, their elevation can’t be measured. For this reason, the available techniques are grouped according to the time of day at which they are most appropriate – dawn, day, dusk and night. As a hard-core barefoot navigator you will be using the wind and the clouds, the ocean swells, marine wildlife and the sun by day; at night you will be using the stars.

If the Vikings could get a rough latitude by using a notched stick and the Pole Star, so can barefoot navigators – they just need to improvise a suitable stick. The third section of the book (‘Do-It-Yourself Lo-Tech Navigation’) contains a set of techniques for barefoot navigation in the 21st century. It includes everything the reader has learned in the previous sections with the addition of a few basic modern extras. These include a quartz watch (sadly indispensable if we are going to get a longitude), simple tables for reducing sun and star sights, a protractor, a poem, a ruler, a piece of string and the lid from a can of baked beans… An ancient navigator would have passed his star compass on to his son, so I don’t see why you shouldn’t have one – but you might have to make it yourself.

Finally, at the back end of the book is Part 4 (‘Survival Navigation’), describing a navigator’s survival kit, followed by a series of appendices that include the navigation tables as well as schematics for the assembly of DIY navigation instruments. 

So, my objective is this. When the reader finishes this book and places it conveniently near the navigation table, he or she will be a better navigator than they were when they read this introduction. They will be able to boast new practical skills. These might only come into play in a survival situation or during an on-board party. However, with practice, they will be able to stand on deck, look at the sky and the sea around them and just kind of know where they are. They will be barefoot navigators.

Jack Lagan

Jack Lagan is also the author of A B Sea: A Loose-footed Lexicon (UK: Seafarer Books, 2003; US: Sheridan House, 2014). He is an instructor in traditional wayfaring for a sailing school in the Windward Islands.

A Cautionary Note


This book has the objective of turning you into a barefoot navigator, but it is not part of my plan to turn you into a reckless navigator along the way. Do not go to sea without up-to-date charts, navigation tools and the training to use them. Compared with the use of GPS, barefoot techniques are approximate only, so be cautious and be conservative. If at all in doubt, do not put your boat and the lives of your crew at risk. Sail safe.



____________________


a For more information about the Royal Yachting Association, visit its website at www.rya.org.uk




PART 1



THE REMARKABLE SKILLS OF THE ANCIENTS



‘The art of navigation demonstrateth how, by the shortest good way, by the aptest direction, and in the shortest time, a sufficient ship, between any two places (in passage navigable) assigned, may be conducted: and in all storms and natural disturbances chancing, how to use the best possible means whereby to recover the place first assigned.’ (Dr John Dee, 1570)

Writing 200 years before the development of the sextant and the ship’s chronometer, and 400 years before the launch of GPS, Dr Dee summed up the raison d’être of the navigator: once you’ve discovered a place, can you find your way back? Regardless of the technology available it’s always been that way, ever since Egyptian Queen Hatshepsut sent ships on shopping trips to the Land of Punt in 3000 BCE. It can, therefore, be claimed that this book has been 5,000 years in the making.



The Pacific Islanders
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‘It is extraordinary that the same Nation should have spread themselves all over the isles in this vast ocean from New Zealand to this Island which is almost a fourth part of the circumference of the Globe.’ (Captain James Cook, Easter Island, March 1774)5

Just Another Day in Paradise?

The ocean travellers of the South Pacific, particularly the Polynesians, are the most impressive seafarers the world has seen. The epic migration that populated the Pacific started 4,000 years ago in South-East Asia, moving through what is now Indonesia, Melanesia and throughout Polynesia, as far north as Hawaii, as far east as Rapanui, as far south as New Zealand (see Figure 1.1).

Since the 1950s there has been controversy among academics about the eastern limit of this huge domain. Norwegian anthropologist Thor Heyerdahl
a
 was so convinced there had been a pattern of migration from east to west across the Pacific that he built a balsa wood raft and set out from South America to prove the point. It was a courageous undertaking but linguistic patterns, archaeology and recent DNA research prove that Heyerdahl was wrong; Rapanui (Easter Island) was populated by Polynesians, not indigenous South Americans.
b
 Also, extensive radiocarbon dating in the region reveals no east-to-west migration trend.6 Adventurous native Peruvians may well have made successful journeys of exploration to the west and they usually had wind and current in their favour. But a balsa raft and a sweet potato on a Tuamotu beach does not constitute a migration pattern.

To underscore the point about the navigation skills of the Pacific Islanders, Rapanui was not just one more island below the horizon. It is some 1,200 nm east of Pitcairn and Henderson islands, if that is indeed where the settlers departed from. In fact, current thinking suggests that such a great distance may have been a contributory factor in the extinction of the island’s population. In other words, the Polynesians overstretched themselves.

These movements of people across immense and uncharted stretches of open sea continued until as late as 1000 CE, though just about all the habitable islands of the Pacific had been settled long before the Europeans turned up.
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Figure 1.1: Comparative patterns of migration in the North Atlantic and South Pacific.

In my opinion, and in the view of most modern archaeologists, it is unlikely that this could have happened by chance or mishap:

‘…long-term experiments at ocean voyaging in replica canoes, using traditional navigational techniques, have provided indisputable proof that the settlement of the Pacific Islands was the result of deliberate voyaging, not accidental strandings far offshore.’7

This fits neatly with the seaman’s philosophy that ‘shit happens’; only undesirable outcomes occur by chance – never favourable things.

The Vikings might have taken a contrary view. They were considerable navigators too, but the truth is they only had to miss Greenland to discover Vinland – what we now call North America. And that is precisely how it happened. Later, we will consider the very special contributions made by Norse seafarers to practical navigation skills. But pride of place goes to the people of the South Pacific:


‘To understand the real achievements of the Polynesians one needs to lie on the hard, smelly deck of a wallowing copra ship for a week or so; this is about all the average landlubber without a yacht can do these days, and it is a salutary experience never to be forgotten.’8


So speaks average landlubber and historian Peter Bellwood about the downside of one of his field trips to the region. He should be told that it’s not much better on some yachts.

Tangata: The Gods of Navigation

The lore of the Pacific says that the first great navigators were the original Polynesians, gods who called themselves tangata. Possessing magical powers, they could navigate by looking at the sea and sky and would never get lost.
c
 Oral tradition claims that these giants settled on the islands and married human women. Today’s Polynesians are the fruit of these unions; and if you are descended from the gods, how can you fail? Describing the people who discovered your home islands as ‘gods’ is a way of showing respect – something like the reverence shown by Americans to Christopher Columbus (who never actually set foot on the mainland) and to the Pilgrim Fathers (who certainly did). But we don’t need to look for mystical gods with supernatural powers to understand how the Polynesians learned to navigate without GPS receivers taped to their outriggers.

The driving force for the people of the Pacific was economic survival. As groups of families populated new islands they would multiply and prosper until, over generations, they inevitably outgrew the natural resources of their new home. They would then scout out previously uninhabited islands even further to the east. If the reports of the pathfinders were favourable, they would load up their vessels and head out through the reef and turn in the direction of the rising sun.

It is also mistaken to suggest that Polynesian migration sort of just happened, as though one day they would get bored with the atoll they had lived on for five generations and would set off to find a better paradise. Some sources claim that fleets of up to one hundred boats would make these passages.9 But they knew the scale of the Pacific and understood its dangers far too well to risk putting out to sea with their children, livestock and other worldly possessions without knowing exactly where they were going and how long it would take. The clear implication is that they had ‘pathfinders’ who not only would seek out new islands but – and this is a crucial measure of successful navigation – were able to find them again. Supporting the idea of this strategy is the fact that ‘house-moving’ voyages rarely took much longer than twenty days10 – that would easily have been 1,000 nm, but would have been manageable in terms of provisioning and fell well short of the time usually taken for the onset of scurvy.


[image: ]


Figure 1.2: A group of priests in a twin-hulled canoe crossing Kealakekua Bay, Hawaii, for first-contact rituals. Engraving by John Webber, an artist aboard Captain James Cook’s ship HMS Resolution during his third voyage to the Pacific (1776–1780). CC 4.0. Wellcome Images V0044886.

These flotillas of humanity owed their safety and their future to three things: the boatbuilding skills of their fishermen; their physical ability to survive long ocean voyages; and the wayfaring capabilities of their navigators.

The audacious Polynesians did not have to make do with rafts. They were innovative boatbuilders able to produce small sailing canoes with single outriggers, double-hulled canoes (Figure 1.2) and twin-hulled wakas (the Polynesian ‘sports utility vehicle’ – see Figure 1.3),
d
 and even large multihulls, trimarans able to carry scores of passengers. These boats were mostly unstressed; without the technology to make rigid crossmembers, the solution was to allow them to ‘bend’ with the waves. The result may have looked somewhat ramshackle, but if they had not been up to the job, the builders would have modified them. Boomed sails fore and aft, sometimes in a two-masted configuration, gave the vessels the ability to sail reasonably close to the wind. A windward capability is not possible with a raft unless it is being towed.
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Figure 1.3: A medium-sized double-hulled waka with twin masts and sails fore and aft. Engraving by Sydney Parkinson, an artist aboard Captain James Cook’s ship HMS Endeavour (1768–1771). The chickens on top of the aft accommodation suggest this family is relocating. (You don’t take the chickens when you’re merely visiting the in-laws, do you?) CC 3.0.

At its peak, in the 10th century, the boatbuilding skills of the Pacific people were such that they could break the ‘twenty-day rule’:


‘The early Polynesians underwent hardships which few modern people could even visualize. The 4,000-kilometre voyage from the Society to the Hawaiian Islands may occupy only a few inches on a map, but in a partially open canoe laden with men, women, children, animals and precious seed plants it could easily have become an appalling ordeal. The astounding fact is that the Polynesians reached virtually every island within the huge Polynesian triangle, although by no means all were permanently settled.’11


As Figure 1.4 makes clear, the ‘Polynesian triangle’ was more of a ‘Polynesian polygon’.
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Figure 1.4: The Polynesian polygon.

The key players in this grand survival strategy were the navigators. How did they manage to find their way across open seas without compass and sextant? And how did they pass that knowledge on from one generation to the next without a written language?


Feelers of the Sea

As in most societies, knowledge was power. Essential travel and trade between the islands was totally dependent upon the wise men, the navigators, and the practical men, the skippers. In Tahiti, the oripo were bards who could recite the family trees of the navigators and captains who first discovered the islands. Descended from this group of pioneers was Nana-Ula who, in the 10th century CE, led a grand expedition of his people from Tahiti to Hawaii, a distance of some 2,100 nm. Nana-Ula later became the first King of Hawaii.12


But what was the special knowledge that enabled the navigators to achieve these feats? How did they find their way across open seas without any form of technology as we know it? Samoan legend speaks of an old navigator called Kahomovailahi, or ‘Kaho’. In spite of being totally blind, Kaho could determine the exact location of a boat merely by leaning over the side and touching the water. Kaho once guided the King of Samoa’s boat to land, an achievement that so impressed the King that he granted Kaho the equivalent of a knighthood.13 If the legendary Kaho was based on a real person, maybe that person was simply checking the salinity of the water? I suspect the truth is that the hand doing the navigating was really that of his apprentice. A simple coded tap on the old man’s leg would have told him that the small cumulus cloud signposting the island was just off the port bow… Notwithstanding this little bit of showmanship, Kaho’s sons and grandsons carried on the navigator’s traditions and they became known as Fafaki-Tahi, ‘Feelers of the Sea’.

The Chart in Captain William Bligh’s Head

History is cluttered with boundless nonsense about the seafaring skills of the people of the Pacific. It is understandable that the ancients may have sought out mystical explanations for gaps in their knowledge of the world around them; but it is inexcusable, even patronising, for 21st-century people (including some academics) to give mystical explanations for their achievements.

According to one source, ‘The Polynesians relied upon astronomy to steer their canoes while sailing around the ocean… It was therefore necessary for this group of islanders to keep strict records of which stars rose where and when they were visible in the night sky.’
e
 Without any writing technology, it is hard to determine how such ‘strict records’ might have been kept and shared across such a geographically diverse community. The same author goes on to state: ‘Using the “pits” along the horizon and the stars that passed through the zenith, the sailors were able to determine their latitude and longitude.’ If that had indeed been the case, John Harrison could have saved himself a lifetime of hard work building an accurate and reliable ship’s chronometer. But while this could be written off as poor research, some other propositions are based on little more than New Age speculation. For instance:


‘People can navigate across oceans and arrive at their destination by using their comfort zone. (Gut feelings, intuitive forces.) Where there is a lack of knowledge and the need to know, we base final decisions on intuitive forces. This is how we achieve any goal in life, whether it be sailing across oceans, building a business, or any achievement. Success depends on making right decisions where facts are missing. Comfort zone navigation is how the Polynesians populated the Pacific Ocean. Facts were extremely limited.’14


So, if ‘Comfort zone navigation is how the Polynesians populated the Pacific Ocean’, all we need to know now is: what is a ‘comfort zone’ and can it be coded into an app for our on-board laptop?

Bob Webb, a motivational teacher, says the ocean is a no-comfort zone. An island hundreds of miles over the horizon is a comfort zone. If you sail off – in any direction to start with – you will unconsciously make course adjustments until you arrive at the island where you will be in a comfort zone and, therefore, very happy. This rather begs the question of why you left harbour in the first place, and why you didn’t immediately circle back to it. Instinctively.

Navigation is a science, a craft and, arguably, an art; the suggestion that the accumulated knowledge of centuries of navigation can be discarded in favour of a ‘touchy-feely’ notion like this sets off my nonsense-proximity alarm. Bob Webb’s pitch for comfort zone navigation does not include references to any historical or scientific research nor to any field work in Polynesia. He does, however, cite the 1789 case of the ‘Mutiny on the Bounty’:


‘The crew finally had enough, mutinied, and cast Captain Bligh and eighteen of his loyal crew members adrift in a lifeboat. Without navigation tools, they sailed the open boat 3,600 miles to the Dutch colony Timor, near Java. This outstanding achievement is only possible with comfort zone navigation.’15


This is just plain wrong. Although he had no chart, Bligh (only a lieutenant at the time) did have a compass, a quadrant and sight reduction tables. He had been to that part of the Pacific before when he’d served on the Resolution as Captain James Cook’s 22-year-old sailing master; his chart was in his head. The following account is what really happened once they were aboard the overloaded 23-foot (7-metre) launch:


‘Once adrift, Bligh reverted to the master mariner and navigator that he was. Using the chronometer that [Fletcher] Christian had given him, Bligh had to navigate from memory over 62 days and some 3,600 miles of ocean, through the reefs of Fiji, the Great Barrier Reef and the Torres Strait and on to Timor. In memory of what remains one of the world’s greatest open-boat journeys and feats of seamanship, several reefs in this region bear his name.’16



[image: ]


Figure 1.5: 
Captain William Bligh, as pictured in the frontispiece of his 1792 book about the mutiny: A Voyage to the South Sea. Painted by J. Ruffell, royal painter to His Majesty and Their Royal Highnesses the Prince of Wales and Duke of York (really); then engraved by J. Condé for the book. Public domain.

I’m not convinced Bligh had a chronometer with him. The Bounty certainly had a Kendall K2 on board. It was a well-travelled instrument, made in 1771, and used on a 1773 attempt to find the North-West Passage. After being employed for 13 years at the ‘North American station’ it was given to Bligh for his trip to the Pacific.17 If you are aware of the astronomical cost of these chronometers at the time you will understand the reluctance of the mutineers to hand the K2 over. The K1 clone of Harrison’s H4 cost £500 at a time when you could buy a whole ocean-going ship for £2,000. The Admiralty was wincing at the cost of these devices and sent Kendall off to make a cheaper one. The result, the K2, wasn’t nearly as good as the H4, though it still cost a huge £200.

After he’d returned to the Pacific to complete the bread-fruit assignment he’d started in 1789 as captain of the Bounty, Bligh resumed his naval career and was commended by Admiral Nelson for his bravery in the battles of Camperdown and Copenhagen. In 1801 he was elected a Fellow of the Royal Society for his services to navigation. As well as being grossly misinformed about this distinguished mariner, Mr Webb is being very patronising to the Pacific Islanders. Bob Webb may be right in suggesting that when there is a shortage of ‘facts’ (or ‘strict records’), gut feelings kick in. But although the Polynesians might have been short of written knowledge, that does not imply that they were short of any kind of knowledge at all; they had a great oral tradition whereby navigators would pass the wisdom down from one generation to the next. They also had the considerable memories needed to achieve this and, like the much-maligned Captain William Bligh, they could keep a chart in their heads. But I’ll leave it to Harold Gatty to deep-six these notions of supernatural navigation once and for all:


‘If we delve into the preserved and written records of antiquity, we discover that older civilizations than our own had no special idea of a “mysterious sense of direction”. They were not prone, as only too many of us are today, to attribute magical powers to humans or even animals. On the contrary, in the ancient writings of the Orient and the West, there is a most realistic appreciation of the ease with which man can get lost on both land and sea.’18
f
 (Harold Gatty, 1958)


Tupaia’s Chart

During the Endeavour’s 1769 visit to Tahiti, Captain James Cook’s science officer, Sir Joseph Banks, took time out from befriending the local women to befriend their chief, who was himself a navigator, a man called Tupaia (sometimes spelled ‘Tupia’).
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Figure 1.6: Tahitian navigator Tupaia. Original drawing by Sydney Parkinson during Cook’s first voyage to the Pacific. Public domain.

Tupaia wanted to go to England, but the skipper was reluctant to take him. Banks, a wealthy man, convinced Cook to do so by offering to sponsor Tupaia and by pointing out that he was a navigator. This is Banks’s journal entry for 12 July 1769 (with original spelling preserved):


‘12. This morn Tupia came on board, he had renewd his resolves of going with us to England, a circumstance which gives me much satisfaction. He is certainly a most proper man, well born, cheif Tahowa or preist of this Island, consequently skilld in the mysteries of their religion; but what makes him more than any thing else desireable is his experience in the navigation of these people and knowledge of the Islands in these seas; he has told us the names of above 70, the most of which he has himself been at.’19


Figure 1.7 shows the chart that one of Cook’s officers sketched from Tupaia’s verbal description of his cranial map.
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Figure 1.7: Tupaia’s chart of part of the South Pacific (detail). The island labelled as 'Otaheite' is Tahiti. Courtesy of the British Library. British Museum reference number Add. MS 21593.C. Used with permission.

It has been estimated that two-thirds of the islands are readily identifiable. The apparent errors can be attributed to translation problems rather than to mistakes by Tupaia. For example, Cook’s officers assumed that when Tupaia talked about an ‘east’ wind, he meant that it came from the east – the European convention – when he actually meant it went to the east. (This strongly suggests that the chart in the Tahitian’s head had a wind compass rose stamped on it.) The Endeavour’s clever new navigator was soon put to the test:


‘Tupaia guided Cook 300 miles south to Rurutu, a small Polynesian island, proving he could navigate from his homeland to a distant island. Cook was amazed to find that Tupaia could always point in the exact direction in which Tahiti [his home island] lay, without the use of the ship’s charts.’20


Tupaia had been to Rurutu before in his own sailing canoe. Interestingly, he explained to the British sailors that his father had told him there were more islands even further to the south; that’s how an oral tradition works in practice.


So Tupaia didn’t just know the names of more than 70 islands throughout Polynesia – he knew where they were and how to get to them. He also proved he’d been to them by safely piloting Endeavour through the reef of each one they visited while giving Banks and the captain a form of Rough Guide to the island’s people, politics and trading traditions. And not a comfort zone in sight.

Strategies and Tactics

Ancient seafarers were guided by what they could see around them: the ocean and the sky. Even with a little help from the marine wildlife, that would not seem to be enough to stake your life on. It could, however, be very accurate – but without the 24/7 consistency we expect from GPS. And it was a tradition that obliged the navigators to change their techniques according to the time of day.

What had to come first was a strategy for the voyage. This depended on the answer to the question ‘Have we been there before?’ If the answer was ‘No’, the strategy would depend on knowledge of the prevailing winds, the trade winds. Even in a vessel with some windward capability, just setting off downwind could end up being a one-way trip. Timing was of the essence. Let’s assume that we are in a part of the Pacific where, at a certain time of year, the wind blows from the east 70 per cent of the time. For the other 30 per cent it is variable between northerly, westerly and southerly. This is where local knowledge comes into play. Your waka is loaded up, your crew is fit and ready to go. One morning at first light you stand on the beach and look out over the reef. You have no weather fax, you have no shipping forecast; indeed, you have no radio. But the stormy season is just about over. The moon has been growing bigger by the day, and that will help you see the horizon and the pattern of the swells by night. Now the wind has turned in your favour; how long will it stay that way?

You go and seek out Old Matagi, the navigator who taught you everything. He scratches his grey hair, squints at the sky and nods: ‘Five days,’ he says, ‘maybe six.’ Enough you think, and you run back to the beach. Even allowing for the strong westward current pushing you back 15 to 20 nautical miles each day, this wind will take you five hundred miles to the east, perhaps seven hundred if the wind stays strong. Then, by the time you have searched an area across the original course the wind will have reversed and it will be favourable for a swift and safe run back to your home island.

If, on the other hand, the journey has been travelled before, there may be a map. Old Matagi will draw it on the sand for you to memorise. He will use shells to represent the islands, and sticks of wood to represent the swell and the likely direction of the wind at that time of year. It is thought unlikely that portable versions of such flimsy artefacts were taken on board boats, but they were certainly used for training purposes.
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Figure 1.8: Device used by Polynesian navigators to show the relationship between the islands, the wind and the swell. This example dates from 1903. Public domain.

Captain James Cook and Sir Joseph Banks were impressed by the capabilities of Tupaia and recruited him to the crew of the Endeavour. Five years later, in 1774, a Spaniard called Andia de Valera also spent some time on Tahiti. Amazed by the way in which the Polynesians readily undertook the often-lengthy voyages between their islands, he came to the following conclusion:


‘When the night is a clear one, they steer by the stars … not only do they note by them the bearings on which the several islands with which they are in touch lie, but also the harbours in them, so that they make for the entrance … and they hit it off with as much precision as the most expert navigator of civilized nations could achieve it.’21


Señor de Valera may be over-egging the pudding here. On a number of occasions Tupaia told Captain Cook that he was going to take him to a particular island and he did. But sometimes it took a little longer or was a little further than he had predicted, so it seems likely – not to say fortunate – that he was using a different navigation technique to get them through the reef! Once the island had been found – and that meant you had to be able to see it – he would use pilotage methods, basically employing his local knowledge and eyeballing the way in from high up a foremast.

However, that is not the issue. We know that Tupaia had a ‘chart’ of Polynesia in his head, but he also knew what Banks called the ‘bearing’ for each of his 70-plus islands. Tupaia, though, didn’t have a magnetic compass – so how was that bearing expressed? And remember that he didn’t just know the bearings from Tahiti, he knew most from each island to the other islands. In other words, if you stand on any one of the 70 (let’s call it) islands, there are 69 ‘bearings’ to the other islands. That makes a grand total of up to 4,830 bearings if you include the reciprocals!

Tupaia and his fellow navigators had remembered more than the ‘passage-planning chart’ of Polynesia. They had also memorised the layout of the stars in the night sky – and the way in which the sky related to the chart. Thor Heyerdahl failed to convince Harold Gatty that the Pacific Islanders had come from South America. Gatty was equally firm in his view that they’d started their migration in South-East Asia. This analysis enabled him to establish an exchange point for Arab navigation technology:


‘The first European explorers in the Pacific were amazed to find that although the Polynesians did not know the magnet, many of the peoples of the Pacific used the thirty-two point dummy compass. From my studies I consider this further proof of the Indo-Malayan origins of the Polynesians: evidence that they explored and colonized into the Pacific from the coast of India before the introduction of the magnet, that is, before the second century AD – but after they had learned from the early Arabs the thirty-two point dummy compass. With this dummy compass (but without the magnet) the Polynesians, when out at sea, were able to navigate by the stars with remarkable accuracy and simplicity.’ (Original emphasis.)22


See Part 3 of this book for more on barefoot astronavigation in the Pacific. From the end of World War II to his death in 1957 (the year before his book was first published), Gatty lived in Fiji.

His reference to a ‘dummy compass’ is interesting.23 Elsewhere in his book he confirms that he is referring to what is today known as a ‘pelorus’. It sounds a lot more like a practical on-board navigation tool than a shells-and-sticks visual teaching aid.

Remember that the people of the Pacific had an oral tradition, not a written one like the Egyptians and the Arabs. Nor did they leave much behind that would get an archaeologist excited. I have seen it suggested elsewhere that the idea of the star compass is pure speculation. However, I have not seen anyone challenge the notion of charts improvised from slivers of wood and a few shells. Such a thing is a long way from writing of course, but it does suggest an ability to visualise the geographical world around you. Carving notches on the side of your seagoing canoe would seem to be a reasonable step for Pacific seafarers to have taken. If the helmsman keeps a steeply rising star over a particular notch, he knows he is making the correct heading for that particular leg of his voyage. (Modern-day sailors do this by aligning part of the hull or the standing rigging with a mark.) Transferring those notches to a board makes the navigation system portable between canoes. The possession of such a thing by a navigator would have considerably raised his social standing in an island community. Unlike ‘comfort zone navigation’, the shells-and-sticks star compass was for real. We know this because such devices can still be found in use in the Pacific as teaching aids for young navigators.

Unfortunately, Gatty’s book does not include an illustration of a Polynesian dummy star compass nor any reference to archaeological research supporting his claim. (Wood does not survive well over the centuries.) Resolving this issue might be something for the third edition of this book, but I will explore the concept of the pelorus when we get to the practical, modern-day application of traditional wayfinding techniques in Part 3, ‘Do-It-Yourself Lo-Tech Navigation’.

____________________


a Thor Heyerdahl, Kon Tiki, 1948. In 1951, Heyerdahl won an Academy Award for his film of the voyage.


b Perhaps Heyerdahl was actually partly right rather than totally wrong. The Wikipedia page for the Kon Tiki expedition (https://en.wikipedia.org/wiki/Kon-Tiki_expedition) makes a brave fist at keeping up with the latest archaeological research into the topic.


c I bet they did get lost, but everyone is entitled to their own mythology.


d The drawing in Figure 1.3 was done by Sydney Parkinson, one of the two artists employed by botanist Joseph Banks to record his finds during Captain James Cook’s first voyage (1768–1771) to the Pacific. Sadly, he died on 26 January 1771 while crossing the southern Indian Ocean after contracting dysentery. He was 26 years old.


e I will not cite the source to save the author’s blushes.


f In 1931, Tasmanian navigator Harold Gatty and US pilot Wiley Post flew around the world in a Lockheed Vega. It took them eight days.



The Vikings
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The Ring of Bears

Weather trumps navigation; so does latitude. A veering, strengthening wind can cause you to abandon a carefully planned course to avoid a lee shore or simply in favour of a more comfortable ride. Your latitude, your position in relation to the polar regions or the tropics, can also influence the navigation strategies available to you.


‘The midday position of the sun, and the shadows it cast, served to divide the east from the west, as well as to define two more quarters of the sky, and even down to today for ordinary purposes a mere four direction names are found sufficient. When we travel north, or complain of an east wind, or choose a southern aspect, we are thinking in terms of four whole quarters of horizon and sky, and not “lines” or “points”, and it is important to remember that this lack of precision was characteristic even of the sailing world throughout the period before the magnetic needle.’24


Throughout this book, almost casually, I refer to east being defined by the rising sun, and west by its descent below the opposite horizon. But what if the sun never puts in an appearance that day?

A sizeable part of the Nordic region (the upper parts of Norway, Sweden and Finland) lies within the Arctic Circle, 66° north of the Equator. This is the land of the Saami people and the Polar Night where, during the December solstice, the sun is never high enough to warm the backs of the family’s reindeer. During the June solstice and endless days of the Midnight Sun local circumpolar stars never set. At other times of the year the sun might creep over the horizon and then scud around at a low elevation before slinking away again.

By comparison, sunsets and sunrises in the tropical zone are brisk and distinct; dawn and dusk are, by comparison, like a light being switched on and off.

At night the situation is more favourable to the northern navigator. Ursa Major and Ursa Minor are high in the sky – indeed, a bit too high for easy measurement of the altitude of stars such as Polaris. In fact, the word ‘arctic’ originates from the Greek word arktikos (‘near the Bear or northern’), and in turn from the word arktos (‘bear’).25 So I suppose the very name ‘Arctic’ means ‘Here be bears!’ More about celestial wildlife in the Part 2 sections ‘Catch a Rising Star’ and ‘Using Polaris to Estimate Latitude’.

For the rufty-tufty Vikings though, bears didn’t come into it. For them, Ursa Minor was Kvennavagn, the Woman’s Chariot, and the much bigger Ursa Major was – guess what? – Karlvagn, the Man’s Chariot.26


Fortunately for the Vikings, latitudes in the low 60 degrees were better suited to their more adventurous voyages across the North Atlantic. Let’s consider what they achieved.

The Norse Sagas as Cruising Guides

My mother told me men

Must and would buy me a good

Fast ship and finest oars

To fight with Viking men;

To stand tall in the prow,

To steer the vessel well,

To hold for harbour and

Hack down man after man.27


The Vikings were really a kind and gentle society of farmers, maligned and misunderstood for centuries – or so my Scandinavian friends tell me, contradicting their own sagas and everyone else’s history. Their main claim to fame is that Leif Eriksson discovered North America centuries before Christopher Columbus fetched up – as my Bahamian friends tell me – in the sunny climes of the West Indies.

There is no archeological evidence that Norse warriors ever wore cattle horns sticking out from their helmets. That was a Victorian invention. And contemporaneous charts and compasses seem to be as scarce as… horned helmets. Although sea routes for trading and warfare were classified as ‘top secret’, some examples have come to light. In 1231 Danish King Valdemar II
a
 documented his empire in a ‘Jordebok’ (‘Land book’). It included ‘Navigato Danica’, sailing directions for Danish navigators. Here’s an example describing the route north from Utlängan to Runnö along the south-west coast of Sweden:


‘From Utlängan to Kalmar two turns. From there to Skaggenäs two turns. From there to Våldö four and if you wish to follow the land you can go from Våldö to Runnö, which lies about one turn from Våldö.’28



A ‘turn’ is a two-hour watch at the oars, cautiously estimated to cover six nautical miles. This measure of dead reckoning has later echoes in the use of the ‘traverse board’ (see, Part 3, the section ‘The Traverse Board: Logging Your Dead Reckoning’).

A much later observer confirms the use of written sailing directions in preference to charts. In 1578 King Philip II of Spain dispatched Captain Francisco de Eraso on a diplomatic mission to King John III of Sweden. At a guess, the mission was less about forging new alliances and more about Portugal getting its hands on a reliable source of iron ore from northern Sweden. De Eraso’s adventures in the Baltic started in the German port of Stralsund. This implies the first leg of his journey was overland through Spain and France; after all, if he’d sailed into the Baltic through the Kattegat he could have hugged the coast of Sweden on his port side to reach Stockholm.

So, he chartered a German or Swedish vessel in Stralsund and on 20 May put his life in the hands of a local captain and navigator for the voyage across the Baltic. It took him four days to reach Bornholm in Denmark, followed by a quick run up to Kalmar. When he finally reached Stockholm on Midsummer’s Eve – just in time for the candlelit celebrations – he wrote home about the last leg of the passage:


‘The navigation was especially dangerous and caused great alarm to the sailors … and even greater alarm to myself, since we sailed without charts in a sea filled with many islands and rocks. The natives never make use of any charts other than a small written book, and that only takes in the sea off Germany and the coast there. Nor would we have had a compass had I not brought one with me.’
b
 (Capitan Francisco de Eraso, c.24 June 1578)29


The Vikings didn’t make their ocean voyages on rafts; not even the late Thor Heyerdahl made that proposition. They went to sea in fine longships, which, although sturdy, had very low freeboards and were notoriously wet. The not very funny joke at the time was that you needed a man bailing for each man rowing.

Longships were square-rigged when the wind was favourable and rowed when it wasn’t, which is much like a lot of sailing today – sails up when off the wind, engine on to windward. The Norse boats were steered with a ‘steering oar’ or ‘steering board’ fitted to the right quarter of the vessel, thus giving rise to the term ‘starboard’ for the right side of any boat. The rowing configuration combined with a keel-less hull made it possible to beach longships – a good invasion tactic – or to probe a long way up rivers; the Vikings put this to good use. They could even drop the mast and drag the boats overland if need be.

The Norwegians claim the Swedes drive their Volvos down the middle of the road in order to avoid the wild flowers at each side. This is clearly defamatory but it is certainly the case that the Vikings from what is now the Swedish part of Scandinavia considered rivers adventurous enough and headed east across the Baltic Sea to establish trade routes south down the great Russian rivers Volga and Dnieper. The cities of Kiev (in the Ukraine) and Novgorod stand where the Vikings first camped. It is said that they eventually reached as far south as Constantinople. What they had to trade was valuable iron ore, a mineral later to have great significance in ocean navigation.

The Danish branch of the Viking family were early visitors to British shores, but clearly deciding that the climate was little better than that at home, headed further south around France and Spain before entering the Strait of Gibraltar and ‘gunkholing’ their way around the north-west coast of the Mediterranean as far as Italy. They still do this today, travelling a few weeks each summer by Boeing or Airbus and staying in the best resorts. The Danes were, by some accounts, coast-huggers and rarely ventured much beyond sight of land – except to invade England. The first well-recorded assault on the British Isles was against a monastery on the island of Lindisfarne off England’s north-east coast. This was not a friendly bid to open up trading relations, but a deadly marauding raid aimed at thieving any riches accumulated by the monks. It took place in 793 CE and was certainly not the first incursion. This kind of thing was the dark side of Viking expansion and probably distorts our view of the intentions of the majority of the community, who simply needed to settle new land and trade whatever goods they had to offer.

(The Vikings enjoyed invading Britain so much they did it twice – the first time from the north, the second time, in 1066, from the south, from Normandy – the land of the Northern Men.)

Norway’s Vikings can lay claim to being the most adventurous seafarers. They headed west and, in addition to southerly excursions to explore Ireland (founding the capital city of Dublin) and the west coast of Britain, managed to settle Iceland and Greenland. The archaeological evidence that they reached ‘Newfoundland’ is now indisputable, but they failed to make any long-term impression on what was to become Canada and the United States of America. With some justification, they called the Atlantic Ocean ‘the Norwegian Sea’; they owned these waters for the 250 years between 800 and 1050 CE (see Figure 1.9).
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Figure 1.9: Viking exploration and settlement extended across the North Atlantic but also south around the Iberian Peninsula and well into the Mediterranean Sea.

It is believed the Norwegians discovered Iceland in 860 CE; 90 years later some 10,000 Norse people had settled there. Given the size of the longships – typically only 17 metres (55 feet) LOA and 4.5 metres (15 feet) in the beam – a considerable number of voyages across a somewhat hostile ocean would have been required. It has to be said here, though, that some would accuse them of being fair-weather sailors who only set sail in the summer. Others, me included, would suggest that they were just being sensible. One of these settlers was Erik the Red, so called because of the colour of his hair rather than the colour of his hands. It would have worked either way though, because 
Erik was what the FBI would call a ‘fugitive from justice’, being on the run after killing someone in a fight back in Norway. In 982 CE, while in Iceland, Erik killed again. Unable to head back to Norway, he set off further west and discovered a huge, glacial, desolate and mountainous land mass. He probably thought that such an achievement would get him off the murder charge, and three years later he went back to tell the folks in Iceland all about it. Erik called the place Greenland, and with this bit of marketing ‘spin’ (‘green’ is not the first word that comes to mind when you think of Greenland), he encouraged a new wave of Norse migration.

Erik had a son called Leif Eriksson who obviously didn’t want to be known as ‘Erik the Red Jr’ but did want to be known as a navigator. Leif had heard about another Viking who had been blown off course while sailing from Iceland to Greenland. In about 992 Biarni Heriolfsson fetched up at a likely-looking land mass but, finding it seriously short of Norwegians, concluded he was in the wrong place. Instead of staying on and usurping Christopher Columbus as the historically recognised European discoverer of North America, he shrugged his broad shoulders and waved the crew and passengers back into the boat. Hearing this tale, Leif Eriksson decided he would upstage his dad and Biarni to discover America properly. He set off in 1002 and landed on what is now called Newfoundland. The story goes that Leif named it ‘Vinland’ because a German crew member wandered off one day and returned drunk, a condition he put down to eating the wild grapes; if we are to believe this, the fruit must have been fermenting on the vine.

Most of this transatlantic exploration happened between 800 and 1100 CE, a much shorter period than that of the Polynesian expansion, but mightily impressive nonetheless. The tales related above are mostly from the Norse sagas. These were written hundreds of years after the events they described and it can be assumed that they included a considerable amount of colour and spin. However, their descriptions of Vinland’s geography are broadly correct and the essential veracity is underscored by modern-day archaeology, which has identified possible Viking settlements as far south as New York. The only remaining mystery is why the Vikings decided to leave. Did Native Americans take a dislike to these unwanted guests? What the whole era proved was that these early Norwegians had mastered the fundamental rule of navigation for ocean explorers: you must be able to find your way home again.

The Polar Stick

Polaris clearly played a starring role in Viking navigation. However, a cautionary note is needed before we go any further: the universe is not a static thing. The constellations as they appeared to ancient astronomers and navigators looked different from the way they look now. That’s because everything is on the move; in 1000 CE the star we call Polaris was more than 6° off the celestial North Pole. So for the Vikings it presented a very rough north, but probably one that gave them sufficient accuracy in a seafaring culture that hadn’t yet benefited from the magnetic compass. (For a more detailed discussion of this, see ‘Looking North: Finding Polaris’ in Part 2.)

Weather permitting, the Pole Star was clearly visible well above the horizon along their favourite latitudes. Starting at Sognefjord, 62°N was an invisible Route 66 passing north of the Shetland Islands, south of the Faeroes and leading west all the way to the southern cape of Greenland. Such latitude sailing was critical to the extent that if you were heading for Iceland it would be preferable to start further north on the Norwegian coast, maybe from Trondheim Fjord at 64°N. It’s important to note of course that Erik the Red didn’t think of this passage as ‘62 north’ or whatever; he was no better at spherical geometry than the Polynesians. But he did need a reference point to know he was on track, and that job fell to Polaris and the other circumpolar stars.

It seems unlikely that the Norsemen made much use of the fist of Kaho’s apprentice. That technique worked for the Pacific Islanders because, when they could see it at all, Polaris was low on the horizon. For the Vikings, it was relatively high, far too high to be stacking one hand over the other to achieve a guesstimate of 62 degrees. It does seem probable, therefore, that they devised one of the earliest mechanical navigation aids: the polar stick. Such a thing would be about as simple as it can get: hold a stick of wood vertically so that the top touches the Pole Star. If the horizon bisects a notch lower down on the stick, then you are at 62°N, more or less. The stick could be calibrated with a number of notches – not marked 62°, 64° and so on, of course, but marked for the sea route followed on that latitude. And it needn’t be a stick; notches cut on a spear or even the mast would do the job almost as well (and you’d be less likely to lose it).

There has been some speculation that the Vikings also used a knotted string to do this job. Tying the knots with any degree of accuracy would seem to be something of a challenge but, when weighted at the end, the string should hang in such a way that it was reasonably perpendicular to the horizon. You can also hang it conveniently from your belt, wear it around your neck or, should you have one, tucked away in your pocket.


Sol-Skuggjáfjøl: The Sun-Shadow Board

Today’s celestial navigators use a sextant to measure the altitude of the sun, the moon, a star or a planet, and from that – with the use of a lot of tables and some adjustment for errors – they can estimate the position of a boat at sea. The easiest of all these is the ‘noon sun shot’, which is exactly what it says, a sextant measurement of the altitude of the sun above the horizon at midday. On long voyages this is often the only sight taken by the navigator. Each day, at noon, he will get a position from the sun; but, obviously, the closer he gets to land, the less lazy he must be. The method is called ‘run-sun-run’: run for 24 hours, take a sun shot, run for another 24 hours. It seems that the Vikings used a similar method, although without any means of accurately measuring the time, it gave them a latitude but no longitude.

The Sol-Skuggjáfjøl or ‘sun-shadow board’ makes use of the fact that the sun provides an indication of its altitude whenever it casts a shadow (see Figure 1.10). The designers of sundials made use of this fact as a means of telling the time. The Vikings applied it differently: for a given time of the year, the shadow could be used to estimate the latitude of the boat. Now keep in mind that the Vikings had not acquired the concept of ‘latitude’ in the sense that they understood ‘number of degrees above the ‘Equator’. What they did understand was that ‘if you leave Trondheim Fjord heading due west and do not drift too far north or south, you will reach Iceland’. This they could check by reference to the North Star using a polar stick or a knotted string. But could the sun be used to recheck latitude at other times of the day?
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Figure 1.10: The Viking sun-shadow board.

The Vikings’ lives were very much dominated by the behaviour of the sun. They knew that, each winter, the sun would do no better than scud along the horizon in its daily passage from dawn to dusk. This meant gloomy days and long, dark nights. As spring led to summer the sun would rise much higher in the sky, but would never be overhead that far north. Clearly then, the time of year would be a factor in using the ‘sun’s shadow to get a latitude. This was dealt with in the design of the instrument they used: the sun-shadow board. The shadow was made by a wooden peg, a ‘gnomon’, in the middle of a board. The gnomon was adjustable according to the time of year. In the summer, the peg was set high. In the winter it was set low. That makes sense, doesn’t it? When the sun was low, the shadow from the point of a high-set gnomon would go right off the board.

Obviously, the Vikings didn’t get involved in a lot of trigonometry when making a sun-shadow board. So, from a practical point of view, how did they go about it? The following is my speculation. First of all, you need to be in the right place – specifically, the departure point to follow a latitude to, say, Iceland. A Viking navigator has a basic sun-shadow board and late one morning he sits in a sunny spot overlooking Trondheim Fjord. He needs to know when the sun has reached its highest point – ie, noon – without access to any kind of timepiece. The pathfinder pushes a stick into the ground and, using a plumb line, checks that it is dead vertical.

Now he sits back and can relax for a while because he has brought his apprentice navigator with him. Every few minutes, between bites of dry-cured cod, his lunch, the young cadet places a small stone at the end of the shadow made by the stick. A length of twine marked off with a few knots helps him to determine when the shadow is at its shortest point. As soon as the shadow is the same length on two measures, he wakes up the navigator and shows him. The old man pats his head encouragingly and picks up the board. Holding the piece of wood as level as possible, perhaps by using the horizon, he adjusts the height of the wooden peg until the shadow reaches halfway across the flat surface of the board. The navigator quickly makes a scratch at the end of the shadow and on the stick (the gnomon) at the point it enters the hole in the centre of the board. The first part of the task is done.

The apprentice watches as his mentor loops a length of thread around the peg and, using a sharpened iron nail, scores a circle around the board, the radius of which is exactly the same as the length of the shadow. Then the navigator removes the peg and cuts more notches in it below the point he made when he marked the shadow. It is now spring, and as the longboat progresses towards its destination the peg will have to be pulled out a little every few days to keep it accurate. The youngster will travel with him for the first time and he will learn that when the shadow is outside the circle the vessel is too far north, and when it is inside, they are too far south.

There is a practical issue concerning the use of this instrument: the plane of the board needs to be kept horizontal. It is said that the Faeroe Islanders used such devices until the 19th century and their solution to this problem was to float the board in a tub of water. I have my doubts about the effectiveness of this in anything other than a dead calm sea. A more sensible approach would be to suspend a pendulum arrangement from beneath the board and let it swing. This idea was used a few years ago when a Scandinavian group tested the practicality of the sun-shadow board at sea: the recommended pendulum was a beer bottle – half empty, of course.

If you’re still unsure how this works I recommend that you watch the early episodes of the History Channel’s drama series The Vikings, based on the sagas of Norse godfather Ragnar Lothbrok.30 In a bid for authenticity the Irish-Canadian production company did two things. First – and commendably – they banned all cow-horned warriors’ helmets. Second, they dropped in convincing vignettes of Viking activity (some of it not suitable for younger viewers). The first episode I watched (it might even have been series one, episode one) was entertaining enough, but not too far in I sat up and pressed rewind to watch a scene again. Was that a sun-shadow board Ragnar was demonstrating in a pail of water? It was indeed.


‘I have something that will change everything!’ he whispers to his lieutenant. ‘It’s a sunboard.’

Someone else must have been impressed because this scene is, at the time of writing, available on YouTube.31 The description of the board is close to my own in the first edition of this book (2006) so I’m obliged to admire its authenticity. Ragnar even goes outside to demonstrate how a Viking ‘sunstone’ can be used to check the position of the sun on an overcast day.

Did the Vikings develop more sophisticated versions of the Sol-Skuggjáfjøl – perhaps by adding additional circles for other useful latitudes? They may have done, but as Version 1.0 seemed a success, there may have been little motivation to make it any fancier. If you want to try, see Part 3 for some ideas on how you can make a sun-shadow board that would impress Ragnar Lothbrok.

The Uunartoq Compass

Much has been made of a small scrap of wood discovered during an archaeological excavation in southern Greenland during 1948. A Danish researcher was digging in the ruins of a convent near Uunartoq Fjord when he discovered it had been constructed on top of another building. He continued excavating in what proved to be a site dating to 1000 CE and discovered a number of wooden artefacts.

One of these was a fragment of a doughnut-shaped object with notches along its outer edge (see Figure 1.11). By chance or design, the notches correspond to the points of the 32-point compass from just west of north to just east of south. There are also a few faint scratches on the face.
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Figure 1.11: The Uunartoq compass.

It was not long before there was speculation that the discovery was a ‘Viking sun compass’. Not all scholars agreed with this conclusion, pointing out that farmers used a variety of improvised sundials to indicate the passage of the seasons. What you see in Figure 1.11 is a modern take on the artefact; it is the original piece of wood embedded in a modern compass rose. The notches could match the points of the compass by chance – that is, it might just be an ornament of some kind.

‘Dances with Elks’ and my other Norwegian friends will forgive me if I declare my lack of conviction that it is anything other than an ornament. In the first edition I said I’d reconsider if more complete examples were found. Ten years on, I’m still waiting.

The Viking Sunstone

What exactly was this Viking ‘sunstone’ that impressed Ragnar as much as the sun-shadow board? A journalist writing about it in 2011 was breathless with excitement:


‘They were renowned as fearsome sailors, but just how Vikings navigated the high seas in pursuit of new conquests has remained a mystery. Now scientists say that a crystal called Iceland spar could have helped Norsemen to navigate to within one degree hundreds of years before compasses reached Europe by enabling them to detect the sun’s position.’32


One degree of accuracy? Really? The article is headlined: ‘Sunstone was the Viking marauder’s sat-nav’. That’s even better – satellite navigation gives you ten metres of accuracy! What is this sunstone, and can it be bought online?

Original references to the ‘sunstone’ (‘sólarsteinn’ in Icelandic) are historical. One 12th-to-13th-century source is down to earth and sounds practical. Here it is in a recent translation:


‘The weather was thick and snowy as Sigurður had predicted. Then the king summoned Sigurður and Dagur (Rauðúlfur’s sons) to him. The king made people look out and they could nowhere see a clear sky. Then he asked Sigurður to tell where the sun was at that time. He gave a clear assertion. Then the king made them fetch the solar stone and held it up and saw where light radiated from the stone and thus directly verified Sigurður’s prediction.’33


This is a pretty clear definition of what a sunstone does, but it doesn’t specify exactly what it is. It sounds like some kind of crystal: light passes through it, and when it emerges on the other side it’s different in some way.

The first scientist to tackle this was Danish archaeologist Thorkild Ramskou, working in the 1960s. He suggested that the sunstone might have been cordierite or ‘Iceland spar’, minerals that were known to polarise light. When you first see the sun at dawn it is still below the horizon; the atmosphere bends the light a little and polarises it as it does so. The same kind of polarisation happens when the sunlight is trying to get through cloud or fog. In the academic world, Ramskou’s findings fuelled more heat than light, so I stayed well clear of the sólarsteinn in the first edition of this book.

Everything changed when Steve Wright made an interesting discovery while diving on a wreck off the coast of Alderney in 2002. The Channel Islands are a group of islands under British possession in the English Channel (la Manche) just north of Brittany and west of Normandy. Alderney is one of those islands. In the aftermath of the attempted invasion by the Spanish Armada, Queen Elizabeth I dispatched a ship loaded with arms to the port of St Malo
c
 in France. In 1592 the ship sank off Alderney, and it was this wreck that Steve Wright, a marine archaeologist with the Alderney Maritime Trust, was exploring. Apart from the usual navigation instruments, such as brass dividers, he came across a piece of stone, a whitish crystal that looked as though it had been worked into a trapezoidal shape (see Figure 1.12). It was an ‘Icelandic spar’ in a perfect archaeological context.
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Figure 1.12: The Alderney Sunstone. © Alderney Maritime Trust. (Original held at the Alderney Museum.)

I said above that the Alderney sunstone ‘looked as though it had been worked’ into its distinctive shape. However, another writer, Leif K. Karlsen, claims that the form of these stones is naturally occurring:


‘Sunstones are roughly the shape of a three-dimensional parallelogram. All sunstones, without exception, have the same geometric shape and same angularity. Take a large sunstone and break it into smaller pieces and you will have pieces with the exact same angles and geometry as the original. Additionally, every face of the stone has a tilt of 11.5 degrees.’34


A noted mineralogist wrote that Icelandic spar ‘occurs in large, readily cleavable crystals, easily divisible into rhombs,
d
 and is remarkable for its double refraction’.35 That’s not quite the same as saying that shards of the crystal invariably have faces angled at exactly 11.5 degrees, but I’ll concede that little work has to be done to turn them into useful navigation aids.

With Steve Wright’s find, matters went beyond speculation about the translation of secondary references in historical documents to something that geologists and optical physicists could get excited about. The first paper I can find was published in 2011 in the peer-reviewed Proceedings of the Royal Society, no less. The authors, from French, US and Canadian universities, reported on both laboratory research and practical archaeology to conclude that the discovery on the Elizabethan wreck ‘may support the use of the calcite crystal for navigation purposes’.36


This paper contains a lot more scientific detail; as you might expect, it’s not an easy read for the layperson. As I understand it, from a practical point of view, it works like this: a mask with a small hole in it is held over the crystal, allowing a beam of light to fall on its top surface. Performing its polarising trick, the crystal splits the beam into two, both of which beams are cast onto a screen underneath. When the stone is rotated in the horizontal plane the projected spots of light change in brightness. When you get the two projected spots as close and as intense as possible, the sunstone is pointing towards the sun. (Just looking at the sun through it, like Ragnar Lothbrok, is only going to give you a headache.)

In 2013 a second paper was published (by the Royal Society again), entitled ‘The Sixteenth-Century Alderney Crystal: A Calcite as an Efficient Reference Optical Compass?’37 This time the work was undertaken by three of the French authors of the 2011 paper (from the University of Rennes) and four researchers from the Alderney Maritime Trust38 – including Steve Wright, the first person to lay a hand on the crystal in 400 years. The group’s conclusion was this:


‘We demonstrate that Alderney-like crystals could really have been used as an accurate optical sun compass as an aid to ancient navigation, when the sun was hidden by clouds or below the horizon.’39


The authors also claim that when it is used to determine the azimuth of the sun below the horizon, the crystal has an accuracy of ± 1 degree and speculate that it might have been used to cross-check or calibrate an early magnetic compass being offset by variation or deviation.


So, though not exactly a ‘sat-nav’, it is now clear that sunstones might have been a useful navigation tool, not just for the Vikings but for subsequent generations of navigators. What is remarkable is that later wayfinders, especially John Davis, didn’t write about it. Maybe it was merely a talisman used by navigators to show off? Until a shaped sunstone is found in a Viking shipwreck rather than an English one, we haven’t quite reached one-hundred-per-cent certainty. But fragments of calcite crystal were discovered at Viking sites in Iceland in 2012. The story is not over yet.

____________________


a Valdemar II (9 May or 28 June 1170 – 28 March 1241), called Valdemar the Victorious or Valdemar the Conqueror (Valdemar Sejr), was the King of Denmark from 1202 until his death in 1241. The nickname ‘Sejr’ is a later invention and was not used during the King’s own lifetime. Sejr means victory in Danish. From Wikipedia. Public domain.


b Some 400 years later I sailed on the bridge of a Baltic ferry as it weaved its way through the Stockholm archipelago en route to Helsinki. It was late at night and the skipper was proudly showing me how he was using an early IBM personal computer to draw the course-made-good and the turning circle of his ship onto the radar screen. When the predicted course fell exactly in the middle of the passage he wanted to bisect he gave the order to start the turn. He smiled and said, ‘Good, huh? But we don’t have tides in the Baltic. Sailing here is like kissing your sister – it’s not the real thing!’


c St Malo later became infamous as a base for French privateers (corsairs) and pirates who harried English shipping in the Channel. It was also the destination of my first voyage outside Britain, at the age of 14, on board the ferry La Falaise. You could smell the fresh-baked bread from the deck.


d A ‘rhomb’ is a parallelogram with four equal sides – an oblique-angled equilateral parallelogram.



The Mediterranean: Pharaohs, Phoenicians and Greeks




[image: ]


‘I built you ships, freight ships, arched ships with rigging, plying the Big Green [Sea]. I manned them with archers, captains and innumerable sailors, to bring the goods of the Land of Tyre and the foreign countries at the end of the world to your storage rooms at Thebes the Victorious.’ (Ramses III, 1197–1166 BCE)

Queen Hatshepsut’s Shopping Trip

Until the Renaissance, when science began to prevail over superstition, the eastern Mediterranean wasn’t just the centre of the known Earth, it was the centre of the known Universe. But Ramses’ ‘foreign countries at the end of the world’ were little more than nearby neighbours; it was a much smaller perceived world, but not one without curiosity and ambition.

As early as 2900 BCE sea journeys of exploration were made to the Land of Punt (Figure 1.13.) It was called ‘Pwenet’, ‘Pwene’ or even ‘Ta netjer’ – ‘Land of the God’ – by the ancient Egyptians. Punt, pronounced ‘Poont’, is somewhere down the Red Sea. Sorry to be vague, but some archaeologists believe it to be on the southern corner of the Arabian Peninsula (where Yemen is today),40 while others lean towards it being further south on the Horn of Africa, where Eritrea, Djibouti, Sudan and Somalia are now.41 New academic research carried out since the first edition of this book came out has swung the balance in favour of the Horn of Africa. The method they used was quite remarkable.
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Figure 1.13: The mysterious (but rich) Land of Punt. Based on an original map by Cush. Public domain, https://commons.wikimedia.org/w/index.php?curid=14103484

In 2010 a team of scientists from the University of California and the Museum of Egypt carried out oxygen isotope analysis42 – essentially an analysis of what the creatures had been eating throughout their lives – on two mummified baboons in the collection of the British Museum. (The ancient Egyptians believed these apes to be holy creatures.) The results were a match for baboons found in modern-day Eritrea and Ethiopia.43 In 2015 the same research team checked its work by doing a follow-up study and concluded that ‘the results revealed ‘a high likelihood match with eastern Somalia and the Eritrea-Ethiopia corridor, suggesting that this region was the source of Papio hamadryas [baboons] exported to Ancient Egypt’.44


There is linguistic evidence that Punt could be as far south as Dar-es-Salaam; pwani – close to the Egyptian pwene – is the Swahili word for ‘coast’ or ‘shore’. If this mysterious land was what we now call Mozambique it was a long trip, over 4,000 nm, a challenging feat of seafaring.
a



Crossing the short distance from the Nile to the Red Sea itself was another story. An attempt at building a canal had failed and so timber and other materials had to be transported 150 km east overland from Qena or Luxor so that boats could be built at the Red Sea port of Kosseir for the voyage south. (I assume the original rationale for building the canal was to enable ships to carry goods all the way from Kosseir to the Nile and lay the riches at the feet of the pharaoh.)

One reason we know so much about the ancient Egyptians is because they recorded their history and culture on the walls of buildings and tombs, thus giving accounts of their civilisation a certain perpetuity for anyone with a trowel and a floppy hat. Seafarers who could read these public inscriptions would have known about the dangerous reefs of the Red Sea and the prevailing weather conditions, influencing their strategy for a voyage to the south. From June through September brisk northerlies would have promised a fast and lively passage south.
b



In this era their boats, like the Viking longships, had a high prow, a flat bottom and a square sail set on a keel-stepped mast. An Egyptian graffito shows a pre-1500 BCE vessel with a bifid mast (like a narrow A-frame) braced fore and aft. In the bow a crew member wields a sounding pole; at the stern we can see two steering oars being deployed on the starboard side of the boat. One is being used through a tholepin, while the other is free to be moved to the port side if necessary.45 For pilotage and going to windward these 25-metre-plus (82-foot) boats could carry 20 or more oarsmen. Larger vessels with seats for up to fifty rowers were not unheard of.

From January through May the winds are southerly and slight and this is where the oarsmen would play their gruelling role in getting the cargo-laden craft back to Egypt. When the boat was out of sight of land, the sun and the stars helped the man on the steering oar hold a course.

These voyages were worth the investment because the Land of Punt proved to be a source of many valuable and exotic substances such as incense, myrrh, gold, ebony, ivory and different types of wood not available in Egypt. There is evidence that it was not just timber that was shipped back to Egypt – sometimes they took the whole tree with them.
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Figure 1.14: Stone statue of Queen Hatshepsut. The statue is in the collection of the Rijksmuseum van Oudheden (the National Museum of Antiquities) of the Netherlands. Photograph Rob Koopman, Leiderdorp, Netherlands. CC BY-SA 2.0. Public domain: https://commons.wikimedia.org/w/index.php?curid=7623748

In 1493 BCE
c
 Queen Hatshepsut, the first female pharaoh, dispatched a fleet of five ships with 30 rowers in each on a shopping trip to Punt (Figure 1.14). Inscriptions on the walls of her temple in the Valley of the Kings near Luxor record that the ships returned ‘laden with the costly products of the Land of Punt and with its many valuable woods, with very much sweet-smelling resin and frankincense…’46


If the Egyptians routinely rounded the Horn of Africa, there is no reason to believe they didn’t sail further down the coast of East Africa. But did they circumnavigate the whole continent? I believe that if they did, they would have needed help.


The Thalassocracy of Phoenicia

For much of this period trade in the Mediterranean world was dominated by the Greeks and the Phoenicians (from the coastal plain of what is now Israel’s Northern District, Lebanon and Syria). The Greek domain stretched through most of Turkey, the Black Sea, the Baltics, mainland Italy, southern France and half of Sicily, while the Phoenicians controlled most of Cyprus, the coast of North Africa, southern Spain and the other half of Sicily (Figure 1.15).
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Figure 1.15: Greek and Phoenician colonies in the Mediterranean (c.1500–500 BCE)

Unlike the Greeks, the Phoenicians ventured beyond their Mediterranean colonies. Probably from their hub port of Gades (now Cadiz) in southern Spain, they possibly explored further north in the Atlantic, maybe even to what were known as the Tin Islands. The European Bronze Age dates between 3200 BCE and 600 BCE. To make bronze, copper was smelted with 12 per cent tin; individual craftsmen would add other metals such as manganese, aluminium, nickel or zinc to make their own special brew. But without tin you can’t turn 
copper into bronze. And the prime source of tin was Cornwall on the south-west tip of England. The ‘Tin Islands’ were the British Isles. Accidental archaeology seems to confirm that the Phoenicians sailed to Britain to trade for tin.


‘A block of tin tells a tale. A few years ago [in the early 1930s?] some men were digging a foundation for a building in a city on the south coast of England. The earth was very soft, so they dug down and down to find a firm foundation. After going down for many feet, they came to something that seemed like a floor of strong oak planks. It was the deck of an old ship. The place where the city stood had once been a harbor. The ship had sunk in the harbor, and the harbor had been filled by mud brought by streams. The men cut through the deck of the sunken ship and found that the ship was still loaded with blocks of tin. The writing on the blocks of tin in the old ship buried beneath the English city showed that it was a Phoenician ship.… This trade in tin from Britain was one of the early trades of the world.’47


Today, the notion of these men cutting ‘through the deck of the sunken ship’ would make a grown archaeologist weep.

But the story also made a grown author weep. I hadn’t heard about this important discovery before I read the passage in J Russel Smith’s textbook, so I thought I’d better exercise some due diligence and check it. None of my small coterie of friendly archaeologists was knowledgeable about the Phoenicians in early Britain so I tried the National Maritime Museum in Cornwall. A researcher at the Bartlett Library told me this: ‘We have not found any conclusive information regarding the city on the South Coast of England where the Phoenician ship was found… Unfortunately, this seems to be a somewhat controversial topic. Although the presence of the Phoenicians in Cornwall has been taken as a given by most of us, several modern historians suggest that it is a myth.’48


Writing in 1956, Professor Eva Taylor also took it as a given that ‘[a]s far back as 600 BC [the Phoenicians] were sailing to Cornwall for tin’.49


To close the matter I approached someone who is probably the leading authority on trade in the classical world. Professor Sir Barry Cunliffe of Oxford University dismissed the story: ‘I have not come across that [story] at all! – it’s not in any of the respectable literature.’50


There are some writers who believe that the Phoenicians’ rivals, the Greeks, may have reached as far as Scandinavia. Swedish astronomer Per Arne Collinder says this:


‘[I]t is possible that in the fourth century [BCE] the Greek astronomer Pytheas from Marseilles [in France] was with one of [the Phoenician] ships when he describes his circumnavigation of the British Isles and a visit to Thule where dwelt the midnight sun. That country was probably Norway and Pytheas was thus one of the first to have described any part of Scandinavia.’51



The phrase ‘it is possible’ suggests that Collinder was singing more in hope than in certainty, and Eratosthenes’ world map of c.194 BCE (Figure 1.16) clearly shows Thule as an island where Shetland should be (top left). Those claiming the Phoenicians ventured as far as North and South America and even Queensland, Australia, will need quality archaeology to prove their cases.

However, Barry Cunliffe does agree that Pytheas was probably the first to explore and document the Tin Islands, and he even wrote an excellent book about it.52
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Figure 1.16: Eratosthenes’ Map of the World (original 194 BCE; this is an 1883 CE reconstruction by EH Bunbury). Public domain.

What navigation techniques would Phoenician seafarers have employed? Everyone seemed to use the direction of seasonal winds in the Mediterranean, as familiar as the rising and setting of the sun. But they may also have been early users of the constellation of Ursa Minor, the Little Bear, to find north.

The Greek philosopher, mathematician and astronomer Thales (Figure 1.17) was from Miletus, now the city of Milet on the Aegean coast of modern Turkey. He lived between c.624 and c.546 BCE and was one of the first thinkers to reject a mythological interpretation of the cosmos in favour of science based on observations of the natural world.
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Figure 1.17: Thales of Miletus (c.624–c.546 BCE): the brains behind early astro navigation. This reimagining of Thales of Miletus is from Illustrerad Verldshistoria by Ernst Wallis et al, published 1875–1879. Public domain.

Among his remarkable list of achievements were the following: the geometry of calculating the distance of a ship from shore; the exact length of a year and the dates of the equinoxes and solstices (declination, or the annual variation in sunrise and sunset); the astronomical position of the Pleiades, the Seven Sisters; and documenting the position of Ursa Minor (the Little Bear or Little Dipper), and suggesting that it could be useful for maritime navigation.53


Per Arne Collinder gives credit to Thales: ‘The only detail we know about the Phoenicians’ art of navigating was that [in 600 BCE] the philosopher Thales of [Miletus] taught his countrymen, the Ionians, to steer by the Little Bear [Ursa Minor].’54 He also quotes a song by the poet Callimachus of Alexandria:

‘Now to Miletus he steered his course

That was the teaching of old Thales

Who in bygone days gauged the stars

Of the Little Bear by which the Phoenicians

Steered across the seas.’55


For a more modern account of the Greek’s identification of Ursa Major and Ursa Minor, I recommend Ian Ridpath’s Star Tales: ‘The Little Bear was said by the Greeks to have been first named by the astronomer Thales of Miletus… The earliest reference to it seems to have been made by the poet Callimachus of the third century BC, who reported that Thales “measured out the little stars of the Wain [wagon] by which the Phoenicians sail”.’56 I love the idea of ‘measuring out little stars’.

These were the very early years of marine astronavigation.

King Necho II’s Big Adventure

But where were the Egyptians in all this? Apart from a later excursion overland through the Sinai to Palestine, they were not big on maritime empire-building and the historical consensus seems to be that they had little enthusiasm for seafaring; much of their boatbuilding and navigation skills they borrowed from other nations. In which case, how did they manage to get out of the Red Sea and head south? Well, it seems they subcontracted these expeditions to the Phoenicians. That made sense because Phoenicia was a thalassocracy, a hugely successful empire of proven seafarers.

It is unclear why King Necho II (who reigned between 609 and 594 BCE) decided it would be a good idea to sail all the way around Africa – or ‘Libya’ as it was then known to the Egyptians (see Eratosthenes’ map again – Figure 1.16). It may be that he was trying to capitalise on the success of the trading missions to the Land of Punt. It could be that he saw the Greeks and Phoenicians prosper from their carving up of the Mediterranean and speculated that such an expedition would lead him to new lands he could conquer. The story is told by Greek writer Herodotus of Halicarnassus:



‘[Africa] is washed on all sides by the sea except where it joins Asia, as was first demonstrated, so far as our knowledge goes, by the Egyptian king Necho, who, after calling off the construction of the canal between the Nile and the Arabian Gulf [Red Sea], sent out a fleet manned by a Phoenician crew with orders to sail west about and return to Egypt and the Mediterranean by way of the Strait of Gibraltar.’57
d



If Punt really was as far south as modern-day Dar-es-Salaam then at least the first leg of the voyage would have been familiar to experienced Phoenician sailors. Herodotus goes on to tell us how they made out:


‘The Phoenicians sailed from the Arabian Gulf [the Red Sea] into the southern ocean [Indian Ocean], and every autumn put in at some convenient spot on the [African] coast, sowed a patch of ground, and waited for next year’s harvest. Then, having got in their grain, they put to sea again, and after two full years rounded the Pillars of Heracles [the Strait of Gibraltar] in the course of the third, and returned to Egypt. These men made a statement which I do not myself believe, though others may, to the effect that as they sailed on a westerly course round the southern end of Libya [the Cape of Good Hope], they had the sun on their right – to northward of them. This is how Libya was first discovered by sea.’58


If the sailors really did claim they had seen the sun on their starboard beam then that is convincing evidence on its own that the circumnavigation really took place. For me, it also discounts the suggestion that the Land of Punt was as far south as Dar-es-Salaam. Mogadishu is about 2° North latitude and so the sun is going to be well overhead in the summer of the northern hemisphere. Dar-es-Salaam is almost 7° South, suggesting that the Phoenicians didn’t need to round the Cape of Good Hope to realise that the sun was in the ‘wrong’ place. If Punt was as far south as the Swahili-speaking lands of Africa, the seafarers would have noticed that 900 years earlier during one of their shopping expeditions for Queen Hatshepsut. So my vote is in favour of Punt being at the northern extent of the Horn of Africa. Or the southern tip of the Arabian Peninsula.

Just as the first leg of the passage down the coast of East Africa would have been familiar, the same might be said of the final leg. It’s hard to believe that, after establishing an operating base at Gades, the Phoenicians wouldn’t have explored up the Iberian Peninsula and down the coast of West Africa. There is speculation that they reached as far south as Senegal and the mouth of the River Gambia.59 At some point as they headed back towards the Mediterranean after their circumnavigation their hearts must have been lifted by the sight of a familiar headland, bay or coastal settlement.


Herodotus was writing some 200 years after this expedition took place and there doesn’t seem to be any archaeological evidence such as a discarded oar or a broken water vessel to confirm that it ever actually happened. But who could have imagined that the Sun would arc through the sky on their right as they sailed west around the Cape in sight of Table Mountain, unless they were actually well south of the Equator? And the idea that they stopped off every year for some agricultural bunkering has a certain boring practicality to it. I’m prepared to believe it could have happened and, if so, full credit to the Phoenicians for their seamanship and to Pharaoh Necho for his sponsorship; it was a feat of exploration and navigation not repeated until Vasco da Gama sailed the opposite way from Portugal to India nearly 2,000 years later. Compared with Greece, Phoenicia was a small nation but one that certainly punched above its weight.

I need to add an afterthought to that. In 2008 an expedition led by Philip Beale sought to reconstruct the clockwise circumnavigation of Africa. The objectives of Phoenicia: The Phoenician Ship Expedition were as follows:


‘Phoenicia was a bold and ambitious expedition which sought to rediscover and document the secrets of ancient Phoenician mariners. The expedition re-created one of mankind’s greatest exploratory voyages in the history of seafaring by sailing the reconstructed Phoenician/Mediterranean vessel around Africa.’60


The team’s 66-foot (20-metre) LOA, single-masted, square-rigged boat was commissioned from a shipyard in Arwad, Syria. It was built using traditionally sourced materials and to a design based on a wreck excavated off the southern coast of France, near Marseilles.

Leaving from Arwad in August 2008, the Phoenicia sailed through the Suez Canal and down the Red Sea to Yemen. After visiting Salalah in Oman she sailed in a long arc south – all the while staying clear of the foraging ground of Somalia’s pirates – to the Comoros Islands and Beira in Mozambique. Five ports were visited in South Africa, from Richard’s Bay to Cape Town. Then Phoenicia turned north but, oddly I thought, instead of following the coast of Africa she swung out to St Helena, Ascension Island and the Azores – all well out in the Atlantic Ocean.

The questions nagging me were these. How did they manage to make landfall on St Helena using the traditional type of navigation techniques Phoenician seafarers might have used? How would the Phoenicians have known there was an isolated island in the middle of that huge expanse of water?

After checking the website, I asked about this. After all, the expedition’s mission statement said that it ‘sought to rediscover and document the secrets of ancient Phoenician mariners’. But, crucially, didn’t those secrets include wayfinding, an essential element of empire-building? Nick Burningham, a marine archaeologist at the Western Australia Museum and an advisor to the project, told me this: ‘There was no attempt to recreate ancient navigation techniques on the Phoenicia voyage around Africa. It was all GPS.’61



I admit to being a little disappointed at learning that, but it doesn’t diminish my admiration for the crew who sailed a single-sailed, square-rigged wooden vessel such a huge distance. Philip Beale’s next project is to demonstrate that the Phoenicians might have been able to reach North America, long before Columbus. Unsurprisingly, that expedition is called ‘Phoenicians before Columbus’.62


Lateen Rigs and Wind Compasses

The early square-rigged vessels used by the Vikings, the Phoenicians, the Greeks and the Arabs shared a serious limitation: the direction of the prevailing winds in the region dictated their navigation strategies. The movement of goods and people in the Mediterranean and the Red Sea was therefore seasonal, the direction of movement being determined by the direction of the wind.

To appreciate this, non-sailors need to be aware that the fine art of exploiting the wind for motive power is centred on the positioning of the boat’s sails in relation to the direction of the wind (see Figure 2.5). Experienced sailors make fine adjustments to the angle of the sails to the wind to achieve a compromise between the desired course and maximum traction. But note that the natural world gets payback by banning all progress into the eye of the wind. The width of that no-go zone (as an angle) will be dependent on the configuration of the sails being used. Until the design and technology of sails advanced considerably, the dead zone was so wide that a non-wind-reliant solution was needed – namely, rowers (see Figure 1.18.)
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Figure 1.18: An Egyptian sailing vessel c.1422–1411 BCE. It looks as though the huge sail could be swung around to capture whatever wind was on offer. But the 16 oarsmen on board (you can only see the portside eight) would have been the contemporaneous equivalent of the ship’s engine. The helm looks like a schoolkid on work experience. They are probably in a river or close to shore; the man in the bow is deploying a depth staff. If the crewman hanging over the side is collecting water, then it’s a river. Image: public domain via Creative Commons.

Figure 1.19 shows a simple wind compass as it might have appeared during the early Renaissance period. Earlier ones have been found carved on the walls of buildings near harbours. A compass such as this that doesn’t use a magnetic pointer is called a ‘pelorus’.

Each point of the compass was covered by a seasonal wind and you would not depart for your destination port unless you were certain you were going with the appropriate wind on your stern or quarter. Such peloruses could be enhanced by adding the name of the intended destination at the point that was reciprocal to the perfect wind for the voyage.

The dominance of the winds diminished somewhat with the introduction of the fore-and-aft lateen rig (Figure 1.20). The word ‘lateen’ is a distortion of ‘Latin’, implying Mediterranean. Lateen-rigged vessels liberated seafarers and made it possible to progress somewhat against the wind. The navies of European empire-builders were relatively slow to adopt the idea. By the 18th century larger ships of the line still relied heavily on square sails for running downwind, but the addition of fore-and-aft foresails, staysails and mizzens improved performance to windward.
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Figure 1.19: Interpretation of an early wind compass showing the seasonal winds in the Mediterranean.
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Figure 1.20: A twin-masted lateen-rigged cargo vessel with a jib. In the Indian Ocean this would be called a ‘dhow’ or some other local name.

I should point out that the wind compass, or pelorus, is not a navigation instrument but a way of representing useful information. It is still employed in a refined and compact form on modern charts to indicate the direction and strength of local winds throughout the oceans.

____________________


a In 1998 the north-east corner of Somalia declared itself an autonomous province. It calls itself ‘Puntland’, and is a barren place that is a base for pirate operations against shipping. If it was ever a shopping destination for the Egyptians, it isn’t any longer.


b A reminder for non-sailors: ‘northerly’ and so on refers to the direction from which the wind is coming.


c This date is suspect. According to some archaeologists Hatshepsut was born around 1507 BCE. That suggests she was dispatching squadrons of ships down the Red Sea at the age of fourteen. Also, she didn’t become pharaoh until 1478 BCE.


d It is thought that Herodotus lived between 480 and 420 BCE, so he was writing some 200 years after the events he described. He doesn’t score highly on the reliability scale of modern historians, much of his material being hearsay, but he was right about Africa being ‘washed on all sides by the sea’.



The Arabs
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Ships of the Desert at Sea

The Arab world picked up where the Egyptians and Phoenicians left off. The difficulty of travelling across desert terrain made it inevitable that the Arabs would make extensive use of the Red Sea, the Mediterranean, the Persian Gulf and the Arabian Sea for regional trade (see Figure 1.21). This was cost-effective for port-to-port bulk shipment, the trusty camel being relied on for local deliveries.

Unlike their forebears, the Arabs regularly voyaged to India and South-East Asia; the only question still open is whether they made it around the corner of the Malay Peninsula to China before the advent of Islam in the 7th century. The evidence is tenuous and the earliest clue, from a Chinese writer, is dated 671 CE:


‘In the beginning of the autumn … I came to the [province] of Guangdong, where I fixed the date of meeting the owner of a Po-sse ship to embark for the south… At last I embarked from the coast at Guangzhou [the city of Canton]… [for Sumatra].’63


The case here swings on the fragile belief that ‘Po-sse’ is the Chinese transliteration of the word ‘Persia’.
a
 Whenever they started, the passage to China was a considerable undertaking. A contemporary account of the seamanship of Captain Abharah said this about him:


‘He was well-versed in the ways of the sea and made the voyage to China seven times. No one had crossed to China before him except as a perilous adventure. No one had ever been heard of who had made the voyage without accident and returned: if anyone made the outward voyage safely, that was a wonder, and a safe return was rare; and I have never heard of any but him who made both the outward and return journey wholly without mishap.’64
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Figure 1.21: The exploration and trading routes of Arab seafarers.


With a combination of monsoon weather, difficult seas and hordes of pirates to contend with, the voyage probably never got much better.

Were the ships up to it? The archetypal Arab craft was, and still is, the dhow. These sturdy wooden craft vary in length from 50 to 150 feet (15 to 40 metres) and are characterised by the single large fore-and-aft triangular sail we conventionally call the ‘lateen’ rig (see Figure 1.20). Earlier boats were known to be square-rigged, rather in the fashion of the Viking longships, and the switch to the lateen configuration would have considerably enhanced their windward capability. That alone would have extended their operating range. It has been pointed out that lateen-rigged boats have difficulty tacking and that larger vessels ‘wear round’ by turning 360 degrees to windward. This is not possible, however, in restricted waters. I once crewed in a dhow race, and when we needed to go about, a nimble crew member scampered up the mast and pushed the spar vertical so he could kick it around the mast.

Dhows were strong but heavy and slow, five knots being considered impressive. What I saw during a recent visit to a small harbour in the Gulf was quite sad: the only masts were radio masts, and beneath each deck was a very large Perkins diesel, sometimes two of them.


The Rahmāni, the Kamal and the Akhdh al-Kawakib


To an extent, you would expect the people of the Middle East to be good navigators. Much of the region is covered by featureless desert that in many respects always reminds me of the sea. Nomadic tribesmen can read a lot into what – to my humble occidental eyes – seems to be characterless terrain. (The Inuit people have the same relationship with snow.) For example, sand dunes have shapes formed by the wind that can tell you from which direction the wind has been blowing – a bit like ocean swell really, but much more slow-moving. Combining this observation with a knowledge of seasonal winds can then give you an idea of direction.

But the Arab world’s great achievement has been in astronomy. It is still the case that the skies in the region have a breathtaking clarity that no longer applies in more northern, industrial climes. The sand might lack detail, but the night sky never does. This achievement in astronomy was driven not just by commercial and survival imperatives to be able to navigate across the desert but also by a religious demand to know the Qibla – the direction of Mecca. There is indeed a reference to astronavigation in the Koran:


‘And He it is Who has made the stars for you that you might follow the right way thereby in the darkness of the land and the sea; truly We have made plain the communications for a people who know.’65


As the Koran dates from the 7th century CE this certainly marks the Arabs as early users of the stars for wayfinding. They were pioneers in the science of astronomy, and George Hourani records that observatories were established in cities such as Damascus and Baghdad and that by 830 CE, Ali ibn-Isa had written his astronomical treatise.66


At the time of writing, historians across the world were involved in a relatively heated debate about who should be credited with the invention of the astrolabe. The Greek root of this word, ‘astrolabos’, translates as ‘star-taker’. In medieval times, the Arabs borrowed the word as ‘asturlab’ but translated that as ‘akhdh al-kawakib’, ‘taking the stars’. We are obviously talking about the same artefact. The earliest dated astrolabe is held by the University of London’s School of Oriental and African Studies (Figure 1.22). An inscription in the Kufic form of Arabic on the reverse says the cast bronze device was made by Nastulus (or Bastulus) around 927–8 CE.

In this debate about origins, the SOAS astrolabe is Exhibit A in favour of the Arabs. However, the debate probably stems from a failure to make a clear distinction between theory – who first had the idea? – and practice – who first made it work? Here is the case for the Greeks:


‘It is generally accepted that Greek astrologers, in either the first or second centuries BC, invented the astrolabe, an instrument that measures the altitude of stars and planets above the horizon. Some historians attribute its invention to Hypatia, the daughter of the mathematician Theon Alexandricus (c.335–c.405), and others note that Synesius, a student of Hypatia, credits her for the invention in his letters.’67
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Figure 1.22: Astrolabe inscribed with the date 927–8 CE. This, the earliest-known such device, is at the School of Oriental and African Studies, University of London. Public domain.

That begs the question ‘What do you mean by “invent”?’ Was Hypatia skilled in the working of bronze or in the working of numbers?

A further argument in favour of the Greeks, and a very convincing one in my opinion, is that if the Hellenic people were able to conceive of and execute a device as complex as the Antikythera mechanism they would be able to make astrolabes during their metaphorical coffee breaks.68 And the device recovered from Greek waters in July 1901 has been scientifically dated to around 200 BCE – over 1,000 years earlier than the SOAS astrolabe.69 Forget about Tutankhamun’s funerary mask, and the Rosetta Stone and the Dead Sea Scrolls; could the Antikythera mechanism be the most intriguing archaeological find ever?

The astrolabe can be described as an analogue computer, a circular slide rule that solves problems associated with the movement of celestial objects. The late James E Morrison’s definitive and well-respected website on astrolabes says this:


‘The astrolabe is a very ancient astronomical computer for solving problems relating to time and the position of the sun and stars in the sky. Several types of astrolabes have been made. By far the most popular type is the planispheric astrolabe, on which the celestial sphere is projected onto the plane of the equator. A typical old astrolabe was made of brass and was about 6 inches (15 cm) in diameter, although much larger and smaller ones were made.’70


Morrison helpfully summarises the history of the device thus:


‘The history of the astrolabe begins more than two thousand years ago. The principles of the astrolabe projection were known before 150 BC, and true astrolabes were made before AD 400. The astrolabe was highly developed in the Islamic world by 800 and was introduced to Europe from Islamic Spain (al-Andalus) in the early 12th century. It was the most popular astronomical instrument until about 1650, when it was replaced by more specialized and accurate instruments.’71


So, Morrison was firmly in the Arab camp when it came to the origins of practical astrolabes. I’ll say more about the modern-day potential of the instrument in Part 3: ‘Do-It-Yourself Lo-Tech Navigation’.

Another important innovation, indispensable to the use of an astrolabe at sea, was the rahmāni, a book that combined sailing directions and astronomical tables. These books contained information about coastlines, reefs and winds, as well as being rough guides to trading ports throughout the region. The roses on their charts (introduced before the end of the 10th century) had 32 points.

Navigator Harold Gatty described how Arab traders adapted the dummy compasses (peloruses) that were used as a record of seasonal winds in the Indian Ocean to the needs of astronavigation. He also explained how they developed a means of calibrating such a compass:


‘On these trips they noticed that the stars rose at the same points of the sky all year round and set on the opposite horizon. Although they had no magnet, they divided the horizon into 32 points. These points were derived from fifteen stars which rose at approximately equally spaced points of the eastern horizon. The setting points of these stars on the western horizon gave them another fifteen points and north and south brought the total to thirty-two. The Arabs made a dial of wood with 32 spikes placed around its circumference representing these points. Checking the well-established prevailing wind with a star or some other sign, they steered by this device, which was in fact what is known today as a pelorus, or dummy compass – a compass dial without a magnet.’72


I’d hate to argue with Harold Gatty, but there might be a causality issue here, or, if you prefer, a chicken-and-egg problem, in that the 32-point compass might have developed the other way round. The four main points of the compass derive from the rising and setting of the sun, giving you two huge, barely practical 180-degree intervals. Deriving north and south splits that up into four 90-degree sectors – still not particularly useful. Bisect them again and we have eight 45-degree points going clockwise, north, north-east, east, south-east, south, south-west, west, north-west and back to north again. That’s much more handy; but why not halve them again? That gives us sixteen points with intervals of 22½°. And finally, another bisection produces a compass ‘rose’ with 32 points of 11¼°. I’m not going to name all of them; I’ll let John Davis do it instead (see Figure 1.23).
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Figure 1.23: A 32-point compass rose from John Davis’s book The Seaman’s Secrets, 1585. Every point is named. It looks as though the calibration in degrees has been added as an afterthought and goes through 0° to 90° in each quadrant rather than through 0° to 360° as in modern compass roses. Public domain.

I suspect that smart mathematicians went through the same geometric logic and that navigators later matched the points of the compass rose, as closely as they could, to the rising and setting of available stars.73 (We’ll have more of Captain John Davis later.)

The Arabs’ awareness of the predictable behaviour of stars might well have anticipated the Pacific Islanders’ use of memorised sequences of rising and falling stars, but it was much more accessible to the journeyman seafarer by virtue of being written down. In the context of committing crucial information to memory, it is worth noting the use of ‘pilot poems’ – verse used as a means of remembering sailing directions for specific voyages.
b
 One of these guides the skipper down the east coast of Africa.74
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Figure 1.24: A kamal being used to measure the altitude of a celestial object.

George Hourani’s scholarly book is definitive about one technique common to the Arabs, the Vikings and the Polynesians:


‘Latitude was determined by the height of the sun or the pole star, which were measured by a primitive finger-system.’75


The use of the hand to estimate elevation (see Part 2) was soon supplemented by a little basic technology. The kamal was a rectangle of wood to which was attached a length of string knotted at strategic points. Each knot represented a significant latitude – not necessarily 10, 20 or 30 degrees north but possibly the latitude for a destination port or a headland where a turn was required. The device was used by gripping the relevant knot between the teeth and extending the piece of wood until the string was taut (see Figure 1.24). When the kamal fitted exactly between the horizon and the Pole Star you were on your target latitude! Add a little polish and a word or two from the Holy Koran and you had the perfect seafarer’s talisman.

The introduction of the magnetic compass as a navigation aid probably resulted from Arab trading contact with China. The earliest records of its use date from the late 11th century, when it was employed by Arab and Persian trading ships operating between the Middle East, India, Sumatra (Indonesia) and the port of Canton (Guangzhou) in South China (see Figure 1.21). Compasses were not considered particularly reliable – rightly so because the phenomena of variation and deviation were as yet unknown – and were only used on rare occasions when the night sky was obscured. There is a good case for arguing that the magnetic compass found its way to the Mediterranean and Europe by way of Arab sailors. There is no record of astrolabes being used at sea by Middle Eastern seafarers, but they were certainly used on dry land because rahmāni included latitudes for each port likely to be visited.

____________________


a Of course, I know that people of Persian ancestry are not Arabs, but few Chinese folks are likely to have been aware of that.


b This idea reminds me of the ‘songlines’ used by the Aboriginal people of Australia to navigate across huge distances of the outback. Learning verse or a song is a great way of memorising something. https://en.wikipedia.org/wiki/Songline




The Chinese
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Sampans and Junk History

I have to declare a particular interest in Chinese seafaring. I’ve travelled China itself extensively and have stood on the Bund in Shanghai and watched junk-rigged boats and powered barges ply the river. In Hong Kong I’ve hitched rides on some of the old cargo ‘junks’ that still operate in the mouth of the Pearl Delta (see Figure 1.25).

The rigs that characterise maritime China have been disparaged in the age of the Bermudan rig. Here, however, is an alternative assessment of Chinese ‘junks’:


‘a sail plan that uses fully-battened lug-sails on an unstressed rig, sometimes on a partially stressed rig. Of oriental origin, a junk-rigged vessel has certain marked advantages: it is self-tacking (indeed, self-gybing); can be reefed by easing off the halyard; can be un-reefed by hauling on the halyard; can be patched without affecting performance; does not require replacement sails and attracts attention when entering a new anchorage. Probably the best rig for single-handing and has excellent down-wind and cross-wind performance, but is pretty pathetic when beating to windward, rarely managing better than 45˚.’76


That assessment is based on personal experience: I once owned the port side of a 55-foot (17-metre) junk-rigged schooner. The seagoing craft are not to be confused with the sampan. These are flat-bottomed boats used on the rivers and in the harbours of China and some other countries in the Far East. They are usually rowed or sculled, invariably by a woman as old as Confucius’ mother, a cigarette stuck to her lower lip and working a yuloh, a sculling oar, over the stern. I have seen the boats fitted with small inboard engines, the transom being too high for an outboard. The name is a distortion of the Chinese san pan, or ‘three planks’, because the construction is based on a carvel-built hull of three planks that curve up towards a high bow and stern.
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Figure 1.25: A Song Dynasty Chinese junk, 13th century. These vessels were believed to have watertight compartments. The lively pennants suggest there was plenty of wind to fill the mainsail and foresail. Maybe the artist was making life easy for himself? Public domain.


I am detailing my special interest in Chinese history and culture in order to stress that I approached Gavin Menzies’ book 1421: The Year China Discovered the World77 with much enthusiasm. For those of you who were at sea when the 544-page book was published in a storm of publicity in 2002, here is the abridged version:

Zheng He (1371–1435 CE) was a privileged eunuch in the Ming dynasty, so favoured that he was made admiral of the fleet. Between 1405 and 1430 CE he commanded seven major voyages. Most historians and archaeologists accept that Chinese merchant mariners sailed throughout the Indian Ocean as far as the east coast of Africa and across South-East Asia, perhaps reaching as far as the north-west coast of Australia. But Gavin Menzies, a former Royal Navy submariner, wanted to take things much further than that; on the sixth of these voyages, he claims, the Chinese rounded the Cape of Good Hope and headed up the coast of West Africa to the Azores, then across the Atlantic to Venezuela. Here the fleet divided, one half going north through the Caribbean and up the east coast of America to Rhode Island, before circumnavigating Greenland and returning home via the Barents Sea and the Bering Strait. Meanwhile, the rest of the fleet headed south around Cape Horn and up to California (where they introduced the horse to North America) and west across the Pacific, dropping in at most of the islands of Polynesia along the way. According to Menzies, the world is strewn with artefacts proving that all this really happened.
a



Zheng He’s fleet was huge: 300 junk-rigged vessels carried some 27,800 people and thousands of horses and other livestock – Waterworld meets Noah’s Ark. The ships of the line were over 100 metres (330 feet) LOA and carried 1,000 crew and passengers. That’s astonishing; when Drake and Magellan and Columbus set off on their voyages of exploration they didn’t take a floating village and a farm with them. Christopher Columbus’s Santa Maria, the biggest of his three ships, was barely more than 20 metres (65 feet) in length and had a crew of 52 experienced and capable seamen. And, again according to Menzies, the Genoan captain had an easy job, because he was navigating from charts incorporating the pioneering discoveries of Zheng He and his admirals!

Sadly, my enthusiasm for this remarkable tale was soon dampened; none of the evidence stands up to scrutiny, and that which is presented in the book is distorted to fit the author’s unswerving belief that the Chinese discovered the whole world (in less than three years), but didn’t bother to settle anywhere and didn’t find anywhere interesting enough to justify returning to.78 Why did a voyage of exploration require so many ships and so many crew members? Provisioning, disease and desertion were nightmares during this era – but not, it seems, for those under the command of Admiral Zheng He.

If you think I’m being unduly harsh, read what a group of scholars and navigators had to say about the book and the research on which it is based:


‘Gavin Menzies’] book 1421: The Year China Discovered the World is a work of sheer fiction presented as revisionist history. Not a single document or artifact has been found to support his new claims on the supposed Ming naval expeditions beyond Africa... Menzies’ numerous claims and the hundreds of pieces of “evidence” he has assembled have been thoroughly and entirely discredited by historians, maritime experts and oceanographers from China, the U.S., Europe and elsewhere.’79


It is also worth reading the Wikipedia page for Gavin Menzies.80


I was about to put the book away when I noticed, tucked in the back, an appendix entitled ‘The Determination of Longitude by the Chinese in the Early Fifteenth Century’. That was something I couldn’t ignore.

Longitude Chinese-style

I have no doubt that Chinese navigators in the 1400s were as competent as those from the European and Arab worlds; the elevation of the polar stars would provide a latitude, as would being under a zenith star tracking its way across the night sky (see Part 2). Familiarity with rising and setting stars would help the helmsmen hold a course. They’d know to make notes and draw charts if they ever wanted to go back again. At that time, these were familiar and well-proven methods. Controversially, though, Gavin Menzies asserts that the Chinese were centuries ahead in the practical determination of longitude; John Harrison’s dogged lifelong commitment to the accurate recording of time on a ship at sea was, it seems, all for nought.

This, in simple terms, is the ‘Chinese’ system as described in the book 1421. An observer on the mainland, maybe Guangzhou, who knows his exact position notes a star crossing his local meridian (the imaginary line that runs from the north to the south celestial poles through his zenith – the point exactly overhead on the celestial sphere). Let’s call that star alpha. At the same instant, a navigator who seeks to determine his position notes a star crossing his local meridian. This is star beta. Now, if your astronomers have accurately charted the constellations, they will be able to tell you the angular distance between the two meridians on which alpha and beta sit; that angle is the navigator’s longitude.

So far, so good; but there are a number of practical problems with this method. The most obvious is this: how do the astronomer and the navigator know when they should be looking upwards for their respective transiting stars? Clearly, they both need to receive a signal of some kind, some distinct event simultaneously visible to both of them. One type of event that could be seen by both parties to this longitude-finding venture is an eclipse. A solar eclipse (where the moon comes between the sun and the Earth) is no good because it’s going to be difficult to see the stars. A lunar eclipse (where the Earth passes between the sun and the moon) will, however, only be seen at night.

Astronomers have identified four key moments in the process of a lunar eclipse, designated U1 to U4. U1 is when the Moon first touches the Earth’s shadow; U2 is when the Moon is fully covered by the shadow; U3 is the moment when the Moon starts to emerge; and U4 is when it is fully out of the shadow. Menzies proposes that the Chinese convention was to use U3: as the first white sliver appears, the observer back in Beijing and the navigator both look up and identify a star (alpha and beta respectively) crossing their local meridians. The resulting longitude is measured from the reference meridian of zero at Guangzhou (a predecessor, perhaps, of Greenwich). So, if our intrepid navigator was somewhere on what is now the coast of Somalia, he would get a result of about 065°W (west of the Chinese meridian, that is). That is, he would once he got back to China and was able to compare notes with the astronomer in Beijing! If the angular distance between the meridians wasn’t known, they would time it using a combination of 13-metre-high (42-foot-high) gnomons (shadow poles) and water clocks…

That brings us to the problems with this method. It is certainly a system for calculating longitude, but it is not a practical technique for navigation; it is a survey system that might be suitable for making charts. I say ‘might’ because there are other fundamental issues that need to be addressed.

•   Lunar eclipses only occur once every six months or so. (There can be as many as four in a year but some of these will be partial rather than full.) On a voyage of exploration, how do you know you are going to be somewhere interesting when an eclipse occurs? The longitude of the eastern tip of Somalia could prove useful, some point in the middle of the Indian Ocean less so. And if you miss your opportunity, you have to wait months for another chance. What happens if the eclipse takes place on a cloudy night? If this was the method used by the Chinese, how were the navigators of the sixth voyage able to accurately chart most of the world in only three years, as Menzies claims? In theory, at least, they could have recorded no more than six longitudes.

•   The edge of the Earth’s shadow is not sharp. Indeed, the whole process of the eclipse is quite slow and fuzzy. According to NASA the lunar eclipse of 27 October 2004 started at 0114 UTC (U1) and finished at 0454 UTC (U4), a total of 3 hours and 40 minutes.81 Accuracy anywhere near 1 second is going to be more by luck than judgement.

•   The local meridian that your chosen star is going to cross is an imaginary line. Looking at the night sky is not like looking at a star chart on paper or on a computer screen where the meridians have been helpfully added. Nor is there a useful dot in the sky marked ‘zenith’. In other words, the transit is going to be no more than a guess.

I might have been more convinced by all this if Gavin Menzies had included a world map showing convincing lines of latitude and longitude or at least a few numbers. But those charts produced by the Chinese, it seems, have all been lost; what Columbus and the other European explorers used were copies. That’s unfortunate.

After the publication of 1421, Menzies must have realised the limitations of this approach and turned his attention to other, more frequent events in the night sky – the eclipses that occur when Jupiter plays hide-and-seek with her four biggest satellites. The difficulty here is that, according to the conventional (Eurocentric) history of science, the moons of Jupiter were not discovered until January 1610, when Galileo started peering at the sky through his new toy, a telescope. There were over 1,000 eclipses every year. With one eye on the huge rewards on offer to anyone able to devise a reliable method of calculating longitude and the other eye at the end of his telescope, he burned the midnight oil making sketches, performing calculations and making tables. Once finished, Galileo wrote about his work in a letter to King Philip III of Spain, whose offer of a life pension to the winner had lain untouched for twenty years. The King’s advisors ‘rejected [Galileo’s] idea on the grounds that sailors would be hard-pressed just to see the satellites from their vessels – and certainly couldn’t see them often enough or easily enough to rely on them for navigation’.82 As if in response to the criticism, Galileo turned his attention to the design of a helmet that could be worn by ship-borne navigators. Called the celatone and made from brass, this instrument had a telescope mounted over one eye (for sighting the moons) and a clear hole over the other as a means of ensuring that the whole thing was pointing towards Jupiter. It must have looked something like the night-vision goggles worn by the pilots of Apache attack-helicopters. The maestro sent students off in bobbing boats to check it out, but they all returned, no doubt miserably sick, to report that it was a lost cause.

By the end of the 17th century, the acclaimed French-Italian astronomer Giovanni Domenico Cassini had produced much more accurate tables for the eclipses of what were now called the ‘Galilean moons’ and established that they could indeed be used to determine longitude. So, in order to be able to claim that this innovation had been pre-empted by the Chinese at least 200 years earlier, Menzies had to dump Galileo and Cassini in the dustbin of navigational history. One might expect him to claim that the Chinese had also invented the telescope long before the Dutch watchmakers who had been taking the credit since 1608 CE. But he doesn’t do that; instead, our intrepid submariner claims that the moons of Jupiter are perfectly visible using the naked eye. Through his website he has, of course, managed to find some people who boast they can do just that. I wasn’t one of them. However, I suspect that King Philips III’s consultants were right, and I defy the average person to individually identify each of the moons and to see exactly when the transits occur.

This discussion of Gavin Menzies’ claims serves as an introduction to my attempts later in the book to propose other methods for the barefoot navigator to use to determine longitude. When it comes down to it, longitude is about time, and time is about longitude; so you need an accurate chronometer.

The South-Pointing Needle

There seems to be, at least, universal agreement that the Chinese were the first to realise the potential of magnetism in direction-finding. The only dispute concerns when this might have happened. I have seen dates cited between two millennia BCE and 1040 CE, but it doesn’t really matter; the Chinese were first, the Arabs got the idea from them, and the Arabs took it to Europe. Probably.83 Joseph Needham, the pre-eminent scholar in the history of Chinese science and technology, said, ‘... that the floating fish-shaped iron leaf spread outside China as a technique, we know from the description of Muhammad al’ Awfi just two hundred years later.’84


The compass became the most useful, most universal tool in the history of navigation. Most boats have one, and even in today’s world of electronics it remains the helmsman’s quick point of reference for his heading. The compass is included in this book because it counts as low-technology, something you can make yourself (see Part 3: ‘Do-It-Yourself Lo-Tech Navigation’).
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Figure 1.26: Model of an early si nan Han Dynasty compass (206 BCE–220 CE). These ‘soup spoon’ compasses do not look very practical for seafaring and may have been intended for feng shui. It has been suggested that the ‘spoons’ were carved from naturally magnetised lodestone. CC BY-SA.

The spoon-shaped compass shown in Figure 1.26 was, if carved from lodestone, the earliest practical form of north/south-pointing compass, but it doesn’t look particularly practical for use on board a ship. There was a change in 1040 CE, it seems, when a Chinese alchemist trying to turn lodestone (an iron oxide) into gold discovered that it attracted and repelled other metals. More than that, if arranged to swing freely, it would line itself up in a north-south orientation, and that was worth rushing off to tell the Emperor about. The alchemist must have become even more excited when he discovered that the lodestone could transfer its magic to other metal objects – for example, a needle. Initially this would be placed on a slither of wood and floated in a jar. The aesthetics of the time dictated that it should be fashioned like a fish, but the result became a long-running precursor to the later re-engineering in Europe, where the needle was mounted on a point so it could swivel freely.

It seems, however, that the ‘compass’ didn’t set the nautical world on fire from day one. A chapter from a book written in the 12th century provides an account of trading voyages between Canton (Guangzhou) in southern China and Sumatra (the capital of modern-day Indonesia):


‘The ship’s pilots are acquainted with the configuration of the coasts; at night they steer by the stars, and in the day-time by the sun. In dark weather they look at the south-pointing needle.’ (Chu Yü, Phing-Chou Kho Than [Phingchow Table-Talk])
b
85



So if all else fails, especially the light, get out the ‘south-pointing needle’ thing.

The Chinese compass was developed into various fancy configurations – fish, frogs and turtles seemed most popular – but it still floated. The ones that dangled from a line were little better and it was another 400 years before the instrument used by the navigators of China was transformed by the European innovation of balancing the needle on a vertical brass pivot. As with much technology it improved with travel, but the mechanical form into which the Europeans refined the compass hasn’t changed much since the late 16th century.

Probably even more effort was put into resolving the problems of variation and deviation. Those topics are too big to deal with here so I will refer the reader to Alan Gurney’s book Compass, a source that is both informative and entertaining.86


The ‘Phingchow Table-Talk’ quoted above states that ships’ pilots would ‘steer by the stars’ at night.87 In the 11th century CE Chinese astronomy was as advanced as China’s contemporaneous development of the magnetic compass. Figure 1.27 shows a star map that was published in 1092 CE as part of a book by scientist and mechanical engineer Su Song.88


The horizontal line running across the centre of the star map is the horizon. Above that, the curved line represents the ecliptic, the path of the sun and planets. The map uses an orthomorphic projection. You are already familiar with this because it is the projection used in 1569 CE by Gerard Mercator for maps of our planet’s surface. Mercator imagined a sheet of paper wrapped around a globe with objects projected onto it from the centre of the Earth. Su Song was using the same idea for a star map 477 years earlier.

Su Song divided the night sky up into 14 lunar ‘mansions’ (called xiu), numbered across the top. These are reminiscent of the ‘houses’ used at about the same time by the Pacific Island navigators.

To find reasons to applaud the historical achievements of Chinese astronomers and navigators it seems unnecessary to make stuff up.
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Figure 1.27: Chinese star map published in 1092 CE. Public domain. Note the absence of any mythical creatures.

____________________


a Gavin Menzies’ career in the Royal Navy ended early after an unfortunate encounter with the USS Enterprise in a harbour in the Philippines. The Enterprise was moored at the time. Source: www.abc.net.au/4corners/content/2006/s1702333.htm (retrieved 23 September 2016); this is a complete transcript of what must have been a very lively documentary.


b The modern Pinyin version of Chu’s name is Zhu Yu. Zhu Yu, the son of the port superintendent of Guangzhou, was one of the earliest writers about the practicalities of seafaring: he started his book in 1111 CE.



Renaissance Navigation
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This book is subtitled ‘Wayfinding with the Skills of the Ancients’, but a historian would be quick to point out that I have already spilled out of the era of Ancient History (3600 BCE to 500 CE) by describing the later voyages of the Vikings and the Pacific Islanders. Not only do I plead guilty, but I’m going to compound the offence by taking us up to 1500 CE and beyond. By using the loose heading of ‘Renaissance Navigation’, I run the risk of getting three penalty points on my artistic licence. In mitigation I want to consider the birth and early infancy of the sea chart, as well as the development of pre-sextant instruments.

Portolan Charts and Some Very Rum Lines

The Vikings and the Arabs (through the rahmāni), the Greeks and the Italians recorded sailing directions in a written form. For example, King Valdemar II’s 1231 Jordebok89 included Navigato Danica, a coastal pilot for Danish navigators (see ‘The Norse Sagas as Cruising Guides’, here–here.)

The format of these written directions met the needs of pilots who were going to stay in sight of land whenever they could. The practicality of this narrative approach is underscored by the fact that we use exactly the same method today. You must have engaged in a telephone conversation like this:

‘That’s fine, 10am it is. How do I find your office?’

‘OK, leaving your hotel you turn right – that’s west – and ahead you’ll see the slip road for the M40 south. After about ten miles there’s an exit for Aylesbury. At the crossroads go east for a mile and a half. We’re at number 227. When you see the King’s Arms on the corner you know you’re in the right place.’

And you scribble that down on one of the little notepads hotels leave by telephones. Of course, a Norse navigator might not have been able to write the equivalent directions for a passage from Stavanger to Bergen but they’d be there in his head and he’d be able to explain them to a pilot from out of town. And while pubs and church spires used to be important landmarks in England, the clinching landmark was more likely to have been a rocky headland shaped like the prow of a ship or the head of a sheep.

Figure 1.28 shows a detail from the ‘Marston Portolano’ held at Yale University’s Beinecke Library.90 It is not a portolan chart but an excellent example of an original set of sailing directions. Made from five sheepskin parchments glued together, it is essentially a list of 267 courses in the Mediterranean. Written in the Venetian dialect of Italian, each entry is followed by a bearing according to the 32-point compass and the distance (in Roman numerals). The owner, Thomas E Marston, originally dated the artefact to 1300 CE, but subsequent research suggests it may have been created 100 years after that. He also thought it might have been a set of instructions for a map-maker, but it is now generally considered to be a pilot book.91
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Figure 1.28: A fragment of the ‘Marston Portolano’, Venetian sailing directions from 1400–1450. General Collection, Beinecke Rare Book and Manuscript Library, Yale University. Public domain.

Clearly such directions are going to be lengthy if you are trying to provide a checklist of all fjords, headlands, inlets, bays and coastal settlements from Oslo in the south of Norway around the coast to Tromsø, 190 nm north of the Arctic Circle.

The concept of ‘views of the coast’ was not lost with the introduction of sea charts as we know them today. During the 18th century the captain of a British survey ship (or any ship surveying new-found waters) would have a junior officer get out his paper and pencils. While the lead line was being used to check the depth under the keel, he had the job of sketching the coast as seen from the quarterdeck. This wasn’t done for the whole coastline, of course, but for critical locations such as the entrances to harbours and anchorages.

During Captain James Cook’s first voyage to the Pacific he had the advantage of having young artist Sydney Parkinson on board. Figure 1.29 shows his sketch of ‘The North side of the Entrance into Poverty Bay & Morai Island in New Zealand’. You can still see drawings such as this on some of today’s Admiralty charts, and if you look closely, you will see the name of the officer who made them.
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Figure 1.29: A pilotage drawing of the entrance to Poverty Bay (Turanganui-a-kiwa) on the east coast of New Zealand’s North Island by Sydney Parkinson. (You can see his signature bottom left.) Public domain.

A graphical approach to sailing directions would provide a more compact solution and, hopefully, avoid any problems of miscommunication. Who made that important breakthrough? Credit, it seems, should go to the Italians in the 13th century, but first:


‘What is a sea chart? Its essence lies in its informational orientation – it differs from a land map in that its accent is on the presentation of maritime information, such as depths, coastline and headlands, tides and the nature of the sea bed for the mariner looking from the sea towards the land. It enables the mariner to set his vessel in the direction he needs to achieve his destination, with a compass course, and then make adjustments to the progressive course, when his current position, which will be changed by wind and tide, has been checked.’92


Charts had to reach some level of maturity before they acquired the information mass described here. The very earliest were little more than a wriggly line annotated with the names of ports and with a decorative sea monster in the corner. There was no consistent scale and, importantly from the navigator’s point of view, they were not drawn to any particular projection; we’re long predating Mr Mercator here.93 Most obviously, they even lacked the recognisable shapes of islands and coastlines.

The first charts we would identify as maps of the sea were called ‘portolan’ charts. That word, ‘portolan’, is from the beautiful Italian word 
portolano, meaning ‘related to ports or harbours’.94 They were classified as segretissimo (top secret), not only to protect valued trading routes but also because they provided English and Dutch raiding parties with to-do lists of potential targets.

There are two things that mark out portolans, apart from sea monsters: their remorseless labelling of all coastal settlements, and the cross-hatching of lines radiating out from what seem to be compass roses. They are clearly not lines of latitude and longitude, so what function do they perform? What I called ‘very rum lines’ are actually ‘rhumb lines’, and they are a navigational aid. Figure 1.30 shows an area of the Tyrrhenian Sea between the west coast of Italy and Sardinia.
a
 Towards the top of the chart you can see Roma and, further south, Napoli.
b
 Right in the middle of this stretch of sea, the cartographer has placed a 32-point compass rose; in the original the lines are inked in red, green and grey.
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Figure 1.30: Detail from a nautical chart in portolan style probably drawn in Genoa. Oldest original cartographic artefact in the Library of Congress, Washington, DC. Dated between c.1320 and c.1350. Public domain.

Let’s assume a captain wants to sail from Napoli to the port of Olbia at the north-east corner of Sardinia, a distance of nearly 200 nm. A two-leg strategy would be used for the passage. After leaving the Bay of Naples, the ship would pass to the south of Isola d’Ischia and make a course of WNW (two points north of west, or 292.5°: see John Davis’s compass rose, Figure 1.23). About halfway to the waypoint (the centre of the 32-point rose) the skipper should be able to get a fix when passing the beautiful islands of Ventotene
c
 and Ponza. If he’s sailing at night the setting of Alcyone and Arcturus will give him a cross-check on his heading.

When he reaches the waypoint at about 90 nm from Naples (perhaps timed from Ponza if he sighted the white cliffs) he needs to turn west and run down that latitude for another 100 nm to fetch up at Olbia in time to sample the wine in one of the many bars dotting the Piazza Matteotti. In fact, that was considered to be the way to do it – follow a portolan compass course until it intersects with the latitude for your destination, then run down that latitude. Without a longitude, you work with what you have.

Of course the positioning of the 32-point compass rose on the chart is arbitrary; different cartographers would put them in different places. As long as the navigator stuck to using one particular chart that wasn’t a problem. In fact it was common for portolan charts to be overloaded with rhumb lines. Figure 1.31 shows a 1439 Catalan chart that makes a reasonably accurate and recognisable representation of Europe. In this case roses are shown in a satisfyingly interconnected pattern from the eastern Atlantic through the Mediterranean to the Black Sea. The central hub has now been positioned to the north of Carthage, modern-day Tunisia, and south of Sardinia. It looks pretty, but it’s still arbitrary.95
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Figure 1.31: Catalan portolan chart of 1439 showing the whole of Europe; by Gabriel de Vallseca. Original held at Museo Marítimo, Barcelona. Public domain.


If the strategy for using rhumb lines seems familiar to the experienced sailor, it should. This is what we now call ‘dead reckoning’; I’ll deal with this in more detail in Part 3.

A paper (in French) by Jean-Charles Ducène on the origins of early Arab sea charts is available to download from the internet.96 It is entitled ‘Le portulan Arabe décrit par Al-‘Umarī’ (‘The Arab Portolan Described by al-Umarī’), and the chart in question was made by ‘a sailor who was experienced in Mediterranean navigation’ and included a wind rose.97 An even more extensive study of early Italian portolans (305 pages in length) has been written by Patrick Gautier Dalché. Entitled ‘Maritime Charts and Portolans in the 12th Century’, it is available as a free pdf.98


Dividing Circles: The Search for Accuracy

The history of maritime navigation has been the history of a search for accuracy. Consider for a moment the voyage between Naples and Olbia described above. What could possibly go wrong? Is the rendering of the Italian mainland seaboard accurate? Is the location of Sardinia correct? Just the thickness of a quill stroke out of position could be a disaster. Is the ship’s magnetic compass functioning properly? Is the skipper aware of the phenomenon we call ‘variation’? (Without a big lump of diesel engine below decks, deviation is unlikely to be a problem.)

It seems to me that captains taking their ships offshore would need little encouragement to embrace any new, more accurate navigation technology. Nor would the owner of a valuable cargo of wine amphorae
d
 be likely to object.

From early in this period a common tool used by navigators was the ‘cross-staff’ (Figure 1.32). Historians make various claims for the origins of the device prior to its use at sea. The earliest date I can find is 400 BCE when, it is suggested, the Chaldeans, a people living at the southern end of Mesopotamia, invented the device for use in astronomy.99 Renowned Sinologist Joseph Needham has written that Chinese scientist Shen Kuo (1031–1095 CE) described digging up a Jacob’s staff in someone’s backyard. It resembled a crossbow and was calibrated in a way that would make it suitable for measuring the heights of mountains.100


German mathematician, astronomer and priest Johannes Werner gets credit for being first to suggest the cross-staff could be used for navigation at sea. This was in 1514 CE. A skilled instrument-maker, Werner proposed improvements, including the idea that the scale should be in degrees and not an arbitrary measure that needed to be converted using a printed table.101 It wasn’t until the 1550s that English mathematician, astronomer, astrologer and alchemist John Dee (Figure 1.33) advised Queen Elizabeth I that her imperial ambitions could be advanced through the introduction of the device to her navy.102


Also known as the ‘forestaff’, the navigator’s cross-staff was a rudimentary but functional instrument used for measuring the altitude of celestial objects above the horizon. The earliest device consisted of a single crossbar that slid along a calibrated wooden staff (Figure 1.32). The observer held the end of the staff to his upper cheek (A) and then positioned the crossbar so that the top of the bar (C) touched the object at the same time that the bottom (B) touched the horizon – a challenging trick to pull off on a moving ship. The altitude was then read off the calibrations on the staff.
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Figure 1.32: A 17th-century Jacob’s staff, a single-vaned cross-staff. From John Sellers’s Practical Navigation (1672). Public domain.
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Figure 1.33: John Dee, aged 67. Based on an original painting by an unknown artist in the Ashmolean Museum, Oxford University. Public domain.
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Figure 1.34: A multi-vaned cross-staff. It is doubtful that the navigator’s arms are long enough to reach the vanes, and he needs to wait for the whale to submerge so that he can get a clear view of the horizon. (From John Davis’s book The Seaman’s Secrets, 1585. Public domain.)

Later versions had multiple crossbars that gave the navigator a selection of vanes; using the one closest to the altitude being measured would speed up the process (Figure 1.34).

Compared with astrolabes, the cross-staff was cheap and relatively easy to use; it became the navigator’s instrument of choice for some time. Or, if you prefer, the instrument of no choice – for what was the alternative?

Figure 1.32 shows a 17th-century seafarer’s determined attempt to blind himself, either by staring directly into the sun or by poking his eye out on a heaving deck. The downside of the Jacob’s staff was that, even when employing smoked-glass shades, use of the device over a period of time caused blindness, an occupational hazard for navigators at that time.

Elizabethan navigator and explorer John Davis (c.1550–1605; see Figure 1.35)
e
 came to the rescue. Born in Devon near the River Dart, he grew up to be what we’d now call well connected. The cousins of Sir Walter Raleigh were neighbours and he married the granddaughter of the Earl of Bath. Davis and his wife Faith had four children, two of whom died in infancy. That was commonplace for the day. He became a close friend of the mystic and mysterious John Dee.
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Figure 1.35: John Davis (c.1550–1605). Source unknown but image in public domain.


During 1585–1587 Davis made three voyages to explore the Northwest Passage, rounding Cape Farewell (Nunap Isua) and sailing as far west as Baffin Island. The log of his last voyage in which he surveyed what is now called the Davis Strait (Détroit de Davis) became the benchmark for future ship’s masters. In 1588 he commanded a vessel with the splendid name of Black Dog against the Spanish Armada.

After an excursion to the Azores, Davis headed off to the Northwest Passage again. By 1592 he seems to have given up on a route north around the continent and was in the South Atlantic (commanding Desire) looking at the potential for a southerly path through the Strait of Magellan. While in the neighbourhood he fetched up at what was probably the Falkland Islands (Las Malvinas). Shortage of food (a dreaded but common situation for long-distance seafarers) forced him to harvest hundreds of penguins. But the birds didn’t store well in tropical heat and most of his crew fell sick on the voyage home. Only 14 of his original crew of 76 stepped off the Desire in England. That was another depressingly common outcome in those times.

Such were Davis’s navigation skills that he was in demand from the Dutch East India Company for its long voyages to the possessions of the Netherlands in the Far East. Later commissions as pilot for the English East India Company were hugely profitable for the Devon man. He would be paid £500 if an expedition doubled its investment; that would have been equivalent to roughly £800,000 (nearly US$1 million) in 2016. The sliding scale of reward went up to £2,000 for a 500 per cent return on investment. But expeditions to South-East Asia could be dangerous, and these financial incentives reflected the ever-present prospect of the worst possible outcome; in 1605 John Davis was murdered by a captured Japanese pirate off Singapore. He was 55 years old.

I’ve included this sketch of John Davis’s seafaring life so that I can make this point: when Davis spoke about the demands of navigation, he was worth listening to. His breakthrough in measuring the altitude of the sun was simply this. You don’t have to look directly at the sun; look at the length of the shadow instead. Although this concept didn’t work well in the Arctic (the shadows are too long) or the tropics (the shadows are too short), it was fine for all latitudes in between. Cross-staffs were not entirely consigned to the deep because they were still needed for astronavigation; not even Sirius, the brightest star, casts a shadow. But nor does it cause blindness. For the all-important noon sun-shot, the backstaff became indispensable.

Figure 1.36 shows the relatively crude beta-test version. The long-suffering navigator now has his back to the sun (hence the name) and adjusts the vertical sliding vane until the shadow of the sun meets a line marked at the end of the staff. He can then read the elevation from the scale marked along the base. If you imagine the sun descending, then the vane would need to be pulled back to keep the shadow on the same mark.

This is a theoretically sound solution, but the original contraption was somewhat bulky and difficult to handle on a ship at sea. Davis’s later version of the backstaff (Figure 1.37) was designed to solve this problem and improve accuracy. Two arced scales of 30° and 60° shortened the device and the sun now cast light through a pinhole on the upper arc while the horizon was aligned through the lower arc. (There is more on the backstaff in Part 3, in the section ‘The Astrolabe, the Cross-staff and the Backstaff’.)
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Figure 1.36: Early version of the backstaff. (From John Davis’s book The Seaman’s Secrets, 1585. Public domain.)
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Figure 1.37: A more sophisticated version of the backstaff. (From John Davis’s book The Seaman’s Secrets,1585. Public domain.)

I set the historical and geographical context of the astrolabe under the heading of ‘The Arabs’, though that description could as easily have sat under a heading that embraced the Greeks. At the risk of being a little too episodic I’ll take a short look at the development of the astrolabe during my ‘Renaissance’ period.

Figure 1.38 shows the astrolabe at what was probably the peak of its development. It was manufactured not by a Greek or an Arab, but in the workshop of Georg Hartmann in Nuremberg in 1537, nearly three decades before the birth of Galileo. This exquisite example of precision engineering seems to be entirely functional; viewing the original photograph on a large screen, I can see no elements that are in any way decorative. But would you want to take such a wonderful thing on your next voyage across the Bay of Biscay in winter? Nuremberg is a long way from the sea, so Hartmann probably made this astrolabe for (well-heeled) astronomers who were safely on terra firma. Seafarers used less fancy devices – but if they weren’t accurate you might as well add them to the ballast.
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Figure 1.38: The Hartmann astrolabe. One of four extant brass astrolabes manufactured by the workshop of Georg Hartmann in Nuremberg in 1537. Now part of the Scientific Instruments Collection of Yale University’s Peabody Museum of Natural History. CC SA 3.0.
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Figure 1.39: ‘England’s Famous Discoverers’, an engraving from the late-16th–early 17th centuries. Original at the National Maritime Museum, Greenwich, London. Public domain.

The astrolabe is certainly not something that a navigator can improvise in an emergency scenario. Nor is a sextant.


A good way in which to end this historical section of the book is with the remarkable print shown in Figure 1.39. Entitled ‘England’s Famous Discoverers’, it is an imagined tableau of four Elizabethan adventurers with a chorus of extras, all modelling the latest neck ruffs and fine hats. In the celebrity line-up are Captain John Davies [sic], Sir Walter Rawleigh [sic], Sir Hugh Willoughby and Captain John Smith (of Jamestown fame and Pocahontas infamy). Davis is on the left, seated. But what particularly fascinates me is the array of navigation instruments on display. I can spot a backstaff (being held by Davis), lots of multi-vane cross-staffs, a quadrant, various globes, a compass and dividers. The floor is cluttered with bulky sight-reduction tables, and over to the right there’s a portolan chart complete with rhumb lines. Only an astrolabe is missing.

____________________


a From west to east the complete chart covers the Mediterranean Sea from the Balearic Islands to the Levantine coast and, north to south, from the western part of the Black Sea to the north coast of Africa..


b Google Earth might help you pick out the detail.


c In the 21st century the remains of five Roman vessels were discovered at depths of over 100 metres near Ventotene. Little was found of the hulls and rigging but huge mounds of 1st-century BCE wine-carrying amphorae marked the resting place of the ships and their crews.


d Large, stackable ceramic jars with a narrow neck and two handles. They interlocked when stowed properly, thus avoiding the danger of the cargo shifting in heavy seas.


e John Davis’s name is sometimes rendered as ‘Davies’ in historical documents. Universal consistency in spelling was an undiscovered art in the 16th century. Perhaps it still is in the 21st century.



PART 2



PRACTICAL NO-TECH NAVIGATION



‘Three thousand years ago and more, Phoenician captains sailed the Aegean in such ships as Solomon built with King Hiram of Tyre, using the cedars of Lebanon. On their way to the Black Sea or their trading centre at Egina outside Athens, or elsewhere, they had to starboard a coast over which the sun rose and to port another below which the sun went down. The former they called Asu (sunrise) and the latter Ereb (sunset) and from that come the names Asia and Europe.’ (Per Arne Collinder)103

Barefoot navigation in its purest form is a collection of technology-free techniques based upon observation of the natural world. Environmental factors mean that certain techniques can only be used at specific times of the day. For example, it will be difficult at night to see the shape and movement of the ocean swell unless there are fluorescent plankton in the water or the moon is reasonably full and there are no clouds. Similarly, the stars will be of little use during daylight.

So it becomes clear that during the main four phases of the day, a specific set of techniques will be employed. It will also be necessary in each of these phases to take various types of action to make navigation in the next phase more effective. At sunrise, for example, since the sun’s position at that time is a good indication of east, it can be used to determine the direction of swell and, from that, the angle the boat needs to maintain to the swell in order to achieve the desired course. Table 2.1 shows the various techniques and the time of day for which they are each appropriate.


Nothing at this stage demands the use of any form of technology – even something you might have improvised yourself. It is about what you can see and what is in your head.

 


Table 2.1 Navigation activities by time of day





	Dawn

	



	The sun

	Determine EAST from sunrise




	The wind

	Check DIRECTION using the sun




	
	Check for possible LANDFALL




	The swell

	Check DIRECTION using the sun




	
	Check for possible LANDFALL




	The birds

	Check for possible LANDFALL




	Day

	



	The sun

	Backtrack for EAST until altitude reaches 30°




	
	Predict WEST once altitude goes below 30°




	The wind

	Use to maintain HEADING




	
	Check for possible LANDFALL




	The swell

	Use to maintain HEADING




	
	Check for possible LANDFALL




	The birds

	Check for possible LANDFALL




	The clouds

	Check for possible LANDFALL




	The water

	Check for possible LANDFALL




	Dusk

	



	The sun

	Determine WEST from sunset




	The wind

	Check DIRECTION using the sun




	The swell

	Check DIRECTION using the sun




	The birds

	Check for possible LANDFALL




	Night

	



	The stars

	Use to determine COURSE-TO-STEER




	The wind

	Use to maintain HEADING




	The swell

	Use to maintain HEADING









Which Heading?
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Horizon Events

Declaring that ‘the sun can help us find east and west’ or that ‘Capella in the constellation of Auriga gives us north-west’ are bona fide statements of fact but incomplete; they need more precision before they can be added to the barefoot navigator’s toolkit. That precision comes from the object’s relationship to the horizon.

In the case of the sun, for example, the point at which the sun rises will give us an indication of east. Note how I made the phrasing vague; because of the Earth’s tilt of 23.5° it actually rises anywhere between 66.5° and 115.5° depending on the date. That’s a variation you can’t afford to ignore. We’ll consider the practicalities of that predictable variation in the next section but, regardless of the time of year, the navigator needs to be looking for sunrise or sunset, the points at which the sun transits the horizon, up or down.

The same is true of the star Capella. We need to be on the lookout for it being on the brink of ducking below the horizon for the night. The point at which it bows off the stage gives us 318°, as near as dammit to north-west at 315°. Conveniently, the date doesn’t come into play here, a fact true of all stars. (A lot more on this later in the section ‘Catch a Rising Star: Barefoot Astronavigation’.)

When a useful, predictable thing happens on the horizon, I call it a ‘horizon event’. This doesn’t just apply to celestial bodies. An aeroplane disappearing below the horizon with its wheels and flaps down tells you where the nearest airfield is. If you are underway on familiar sailing ground, or you have a nautical chart, that might be a horizon event which provides an all-important landfall. (See the section entitled ‘Landfall’, below.)

Two factors underline the importance of the horizon connection: the passage of time and your latitude. Well away from the poles, it is possible to backtrack from the sun’s current position to the point at which it actually rose. In practical terms this only works for an hour or two after the event (an improvised quadrant will help achieve this). But if you are anywhere near the Arctic or Antarctic, the sun is going to scud around the sky at such a shallow angle that the determination of sunrise and sunset themselves is going to be fiendishly difficult. During local winters you might, sensibly, decide to stay in bed for the day.


The Sun

Rising

The sun is a reasonably precise indicator of direction for up to two hours after sunrise and for less than two hours before sunset. Between those two periods the sun is too far away from the horizon for it to be possible to make accurate projections back to where it emerged or forward to where it will set. Consequently, sunrise and sunset are busy times for the barefoot navigator.
a



The most obvious use of the sun is in determining the heading of the boat or the course it should set. Just squinting at the sun as it peeks above the horizon tells us the general direction of east. More or less. It’s not quite as simple as that, but we’ll deal with the variation later.

Once we have east, how does that help us if we want to sail south-east (135°), for example? Well, if we are presently heading into the sun, we need to turn to the right, to starboard, by 45°. But how are we going to measure 45° without some kind of instrument?

One crude but simple way of doing this is to use the fact that the width of your clenched fist at the end of an extended arm is approximately 10°. Two fists held together to the right of the sun will therefore, of course, give us 20°. If you then move your left hand over to the other side of your right and then your right hand under your left to the other side of it, you will have 40°. Now just imagine an extra half-fist and you have 45°. (You also have a feeling that you are going to look pretty stupid standing there in the bow with your arms held out in front of you.) However, with nothing in the distance at 45° that can act as a steering mark, this is not a practical solution. (But for more on measuring angles using your hands, see Figures 2.13 to Figures 3.15.)

The Pacific Islanders had a much cleverer answer: they would use the hull or outrigger of the boat as their navigation ‘instrument’. Marks would be carved into the wood, which, when they were in line with the sun, would tell the helmsman that he was steering the desired course. In the case of south-east (135° in modern terms), the appropriate mark would be somewhere on the port side between the bow and the beam. Hawaiian boats were marked up for 16 compass points, each of which could be used in a reciprocal manner, giving a total of 32.104 Even with the best hand on the helm, any more than that would be unreasonably optimistic. On most sailing boats the helm has a whole clutter of standing rigging, which she will use instinctively to maintain a course. Once she has established that the sun needs to be bisected by the port shroud, she will use that to keep the boat on the desired course – for a while, at least. Even in vessels with compasses, an external fixed point of reference may be preferred, especially when approaching a busy landfall. If you’re between the lateral buoys and confident there’s plenty of water under your keel it’s always better to be looking out of the boat than looking down at a potentially distracting array of digital displays.
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Figure 2.1: The seasons in the north and south hemispheres. (Not to scale, of course.)

Anyway, that’s the basic principle of using the sun to determine a heading. There is, however, a significant complication caused by the fact that the Earth is tilted over by 23.5°. As the Earth orbits around the sun, sometimes the North Pole leans towards it, and sometimes it leans away (see Figure 2.1). This causes the sun to appear to rise in a slightly different place each day (between 066.5° and 113.5°) according to the time of year. Twice each year the sun pops up exactly on the Equator at 090°T (degrees true): on 21 March and 23 September. After 21 March it crosses the sky at increasingly high latitudes (giving us summer – it can’t all be bad news). One month later, on 21 April, the sun is rising 12° further north, and on 21 May, it is rising 20° north of 090° but slowing down. Come 21 June, it is rising at 23.5° north of true east, but that’s as far as it gets and then it starts to reverse. (Note that 23.5° is the same as the Earth’s angle of tilt.) By 23 September, the sun is rising due east again and heading south. On 22 December, the sun has reached 23.5° south and is ready to head north once more.

This phenomenon is known as ‘declination’.

The implication of all this, when you are using sunrise to work out where east might be, is that you have to make an adjustment for the time of year. For example, if you have just set sail on 28 August, the sun will be rising about ten degrees north of east. So as you look at the sun rising, ‘true’ east is ten degrees off to the right.


Figure 2.2 shows a schematic designed to make the job of finding east as simple as possible. A similar schematic, Figure 2.3, does the same job for finding west at sunset. (See ‘360 Degrees of Separation: Introducing the Pelorus’ here for an example of how a steering board can incorporate this variation of sunrise and sunset.)


[image: ]


Figure 2.2: Annual variation of sunrise.
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Figure 2.3: Annual variation of sunset.


Here is a further consideration. The path the sun follows as it travels across the celestial sphere is called the ‘ecliptic’. The ecliptic does not necessarily go straight up from the Equator, but can head off at an angle of up to 23.5° – does that number sound familiar? This is why you can only use the sun to steer by for at the most two hours after sunrise and for less than two hours before sunset. Your steering mark is not the present direction of the sun but the point where the sun rose or set. The further the sun is above the horizon, the harder it is to project the ecliptic back to the horizon with any degree of accuracy. When it is too far above the horizon, you have to rely on something else to keep your desired heading; see the later sections on using the wind and the swell.

Setting

The setting of the sun provides navigators with an opportunity to check their course and to recalibrate the direction of wind and swell for the night’s passage.

The sun only sets precisely due west on two days each year; the rest of the year the setting point is somewhere between 156.5° and 203.5°. (It’s that infernal 23.5° declination again. See Figure 2.3.) Exactly how Polynesian and Viking navigators dealt with this remains unclear, but over the centuries they must have figured out the relationship between the seasons and the sun’s rising and setting points well enough to be able to make a reasonably accurate adjustment to their headings.

Once the sun dips below the horizon, however, it becomes possible to see some of the stars previously obscured by its considerable daytime brightness. The stars have been there all along; you just couldn’t see them while the sun was up. This is the right time of day for our ancient wayfarers (and modern barefoot navigators) to deploy another of their considerable skills – astronavigation.

The Trade Winds

As Shakespeare wrote:

‘Blow, blow, thou winter wind 

Thou art not so unkind 

As man’s ingratitude; 

Thy tooth is not so keen, 

Because thou art not seen, 

Although thy breath be rude.’

The wind is the sailor’s motive power, and knowing which way the winter wind blows and how keen its teeth are going to be have always been essential knowledge (see Figure 2.4). Our ancient navigator, now in the bow of his boat, has used the sun to decide where east or west is, and from that he is going to determine the direction of the wind, the waves and the swell. There might not be a swell, but if there is, he will consider himself lucky; a good swell might give his helmsman a much more reliable reference for the boat’s heading. How does the texture of the sea relate to the wind and weather? Well, they are all joined up: the sun causes the wind and the wind causes waves. Strong winds (gales, storms even) cause swell.
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Figure 2.4: The trade winds.

It might be a key part of your strategy to sail with or across the wind for a period of time. Rarely is it any sensible person’s strategy to sail against the wind unless they are racing, or trying to get clear of a lee shore. The wind is the sailing boat’s motive power but it also influences, directly and indirectly, the seafarer’s navigation decisions. ‘Directly’ because you might opt for a broad reach for speed and comfort on a long leg; ‘indirectly’ because what the wind has been doing will have influenced what the sea is doing. (See Figure 2.5 for the Points of Sail.)
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Figure 2.5: The points of sail.

No experienced sailor expects a local wind to be so consistent in its direction that it can be used as a means of maintaining a heading for more than a few hours. At some point it will start to back or veer as the prevailing weather system passes through. The exceptions to this are the trade winds, the word ‘trade’ in this case deriving from the Latin trado, meaning ‘in a predictable or constant direction’, and carrying only a fortuitous connotation with merchant shipping in the days of sail. An original barefoot navigator would not have known about the way in which the global climate produces trade winds (and surface currents), but his old mentor would have taught him about the direction and consistency of the winds in their part of the ocean during spring, summer, autumn and winter. But even the trades are never consistent all day and every day, so our navigator will use his determination of east as a means of cross-checking that the wind is blowing in the direction it’s supposed to be. If it is being contrary, he may have to review his strategy.

Wind is caused by the need for air to move from one place to another, specifically from a place of high pressure to one of low pressure. The tropical zone (between latitudes 23.5°N and 23.5°S) is the part of the Earth squarest-on to the sun so it tends to be hotter than anywhere else. As the hot air expands it rises, causing colder surface air from the north and south to rush in and fill the gap. This starts a process in which the first in a series of rotating ‘cells’ is created. Figure 2.6 shows how Hadley cells are formed north and south of an area known as the ‘inter-tropical convergence zone’, or ITCZ.
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Figure 2.6: The Inter-Tropical Convergence Zone and the Hadley, Ferrel and Polar cells.

The influence of the ITCZ actually extends beyond the Tropics of Cancer and Capricorn to as far as 30° north and 30° south. Sandwiched between these latitudes is an area known as the Doldrums where the winds are light, variable or non-existent and punctuated by fierce squalls (see Figure 2.4). With a reputation for driving sailors insane, this is not a place where you would want to be in a small boat, but the bands of high cumulonimbus clouds in the distance will give you fair warning that you are getting too close. These clouds are caused by the movement of massive amounts of hot, moist air by convection, but our ancient navigator was probably unaware of that level of detail.

North and south of the Hadley cells, above the moderate latitudes, are the Ferrel cells, which rotate in the opposite direction – north over the surface, south at higher altitudes. The cool, dry air between the two descends. Finally, north and south of the Ferrel cells are the counter-rotating Polar cells. Where they meet, warm, moist air rises.

If the atmospheric model I described above was perfect in real life we would only ever have north and south winds. However, the Coriolis effect adds a twist! The rotation of the Earth causes the wind to turn right (clockwise) in the northern hemisphere, and left (counter-clockwise) in the southern hemisphere.105 Winds are now possible in all directions but some are more common than others. These, then, are our trade winds.

Trade winds are a percentage game. You can enjoy a 70–80 per cent expectation that they will blow in a certain direction in a certain part of the world at a certain time of year. The sub-tropical high-pressure system results in north-easterly trade winds in the northern hemisphere and south-easterly trades in the southern hemisphere.
b



As you might expect, these outcomes differ according to the time of year. See, for example, Figures 2.7 and 2.8, showing the more detailed charts of global wind patterns for January–February and July–August. Careful inspection of these charts shows that tropical Polynesia gets much lighter and more variable winds in January and February than in the summer. Although being able to view the overall pattern like this is useful, local knowledge is invaluable, especially in a survival situation. In a non-survival situation you can, of course, buy the ‘local knowledge’ by acquiring the American or British pilot charts for the region.


However, the seafarer must accept that there will be occasions on which he or she will make a whole passage with the wind going the ‘wrong’ way. But that shouldn’t happen too often. Keep in mind that, according to these charts, all Pacific west–east migration was done against the prevailing winds, which suggests that the idea that it all happened as a result of boats being blown offcourse is quite wrong.
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Figure 2.7: Global wind patterns for January–February.
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Figure 2.8: Global wind patterns for July–August.

There are other types of wind too, of course. Perhaps the most important of these are onshore and offshore winds – ‘sea breezes’ and ‘land breezes’. Such local winds can confuse the trades you are relying on for your course, but on a positive note, they can warn you of the presence of land over the horizon. For this reason, I deal with onshore and offshore winds in the section on ‘Landfall’, later on in Part 2.

The Movement of the Sea

The Waves

For dwellers of small islands, the sea is both friend and enemy, a source of sustenance, a source of tragedy. Coping with such a neighbour makes it essential to understand its many moods – the way its surface moves, when that is dangerous and when it can be exploited.

Waves are the texture of the sea and waves are caused by the movement of air over its surface. It is useful to have a good idea in your head (some might call it a ‘conceptual model’) of the way in which the sun, the wind and the waves interrelate. The sun heats the Earth’s atmosphere. Because the Earth is a sphere, this process is not an even-handed one: in tropical zones the planet gets full force of the incoming radiation; temperate zones are caught more of a glancing blow and the same amount of heat is spread over a wider area; while in the polar regions the rays of the sun can miss altogether.

The consequences of this are that some parts of the atmosphere heat up more than others, resulting in a difference in pressure. The nature of physics is that air from the high-pressure areas will try to fill the low-pressure areas in a vain attempt to achieve some kind of equilibrium – a process that gives us wind.

But as the air travels over the surface of the sea it gives us something else: waves. Here’s an experiment: the next time you bring your mug of hot coffee up to your lips, blow across the surface and watch the waves. What happens in the environment is the same, merely differing in scale. In real life, the unhindered wind blowing across the flat surface of the open sea ‘picks up’ the surface molecules of water, which shows as tiny ripples, and the sea begins to get lumpy; if the wind falls, the waves subside again. You never get a helpful force 5 wind blowing on your quarter and, at the same time, a comfortable ride across a millpond surface.

The wind blowing over the surface of the sea is called a ‘disturbing force’. Other types of wave have different disturbing forces: sub-sea volcanic eruptions and earthquakes are the cause of tsunamis. (Tsunami is the Japanese word for ‘village’ and is so called because it can easily destroy your small coastal community.) Waves themselves can be the disturbing force of other types of wave. A seiche wave is the consequence of powerful waves entering an enclosed area, such as a harbour or nearly enclosed bay, and sloshing about once trapped.

Returning to our surface wind, this kind of disturbing force picks up small waves, which are known as ‘capillary waves’. This process starts at about two knots. As the wind quickens, it is able to get a better grip on the rougher surface and turns the small waves into bigger waves (see Figure 2.9).
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Figure 2.9: The creation of waves.

From the navigator’s point of view the key element in all this is that the motion of the waves is in the same direction as the wind. Keep in mind that it is the waves that are doing the travelling, not the water; the motion does the moving. To convince yourself of this, take a length of line and flick it like a whip. Waves will travel along the length of the rope, but at no time will the rope leave your hand. Similarly, a fishing float will rise and fall as a wave passes under it. It does not behave as though you had thrown it into a flowing river, where you constantly need to retrieve it and cast it in again, further upstream.

Neither you nor our ancient navigator will be able to observe the fact that, below the waves, the water is tumbling in counter-rotating somersaults. This effect (known as ‘orbital motion’) only lasts for a few metres, and the deeper the water is, the less effect the waves have on the motion of the sea at the bottom. You can work this out: the circular motion of the waves stops at about one half of the wavelength (see Figure 2.10 for definitions). So, if the wavelength on the surface is five metres (16 feet), the water will be decreasingly turbulent down to 2.5 metres (8 feet). Divers returning to the surface are often surprised that the wind has freshened since they descended and that there is a bit of a sea running. Eventually, when the wind speed gets up to 11 knots, it starts to rip the crests apart, causing ‘white caps’ or ‘white horses’. This is the point at which you can determine that you are experiencing force 4 on the Beaufort scale. From 17 knots (force 5) there are even more white caps and spray is being torn off the top of the crests. (See Appendix 9 for the complete Beaufort scale.)

It is useful to be familiar with the names used for the different parts of a wave and with how a wave is measured. Figure 2.10 shows how the tops of waves are known as the ‘crests’ and the deepest parts between the crests as the ‘troughs’.
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Figure 2.10: The parts of a wave.


Table 2.2 Conversion of wind speed to wave height.





	
	Wind

	Waves




	Imperial

	Speed in mph / 2
 30 mph / 2 =

	Max height in feet
 Less than 15 feet




	Metric

	Speed in kmph / 10
 50 kmph / 10 =

	Max height in metres
 Less than 5 metres







The ‘wavelength’ is, as the word suggests, the distance between a crest and the preceding or following crest. The distance between adjacent troughs should, of course, be the same. The talk over a beer in marina bars is usually about wave height: ‘The crests were ten feet above the main mast!’ I can honestly say that I have never heard a yachtsman underestimate the size of a wave, and I include myself in that. (The highest waves I’ve encountered must have been over fifty feet – five metres – because I swear the crests were well above the top of our 45-foot mainmast…) Anyway, the wave height is the vertical distance between the trough and the crest of a wave, and it is determined by the strength of the wind, the duration it has been blowing over clear water, and the ‘fetch’ – the distance over which the wind has been blowing. A very approximate indication of maximum wave height in feet is given by dividing the wind speed in miles per hour by two. (Divide by ten to convert kilometres per hour to a wave height in metres – see Table 2.2.) According to the equation, then, my 50-foot waves must have been caused by a 100 mph force 12 hurricane! Hmm… Maybe the waves were only 25 feet high…

‘Amplitude’ is a technical term you will only hear oceanographers use; the same applies to the ‘still-water line’, a notional concept and something that is virtually impossible to estimate in real life. The ‘wave period’ (not shown in Figure 2.10) is the time in seconds it takes a complete wave (crest to crest) to pass a fixed point. As I hope you never find yourself perched on a fixed point while at sea, this is not a measure you will probably ever be in a position to estimate. Related to the wave period is the ‘wave frequency’, the number of waves that pass a fixed point in, say, sixty seconds. Neither of these values is much use in practical sailing other than in enabling you to observe that the smaller the period, the higher the frequency, and the more uncomfortable your ride will be.

The shape of a wave will give you some clues about its origin. For example, short, choppy seas offshore were probably caused by a recent storm in the area. Longer, steady waves with a high crest are likely to be much older and may have travelled hundreds of kilometres. Most people will see waves when they finally crash out against a shoreline, maybe even on a beach. As the turbulent underside of waves comes into contact with the upward-sloping bottom of the ocean, the front part (or ‘face’) of the wave is made to slow down. This causes the back part of the wave to catch up and try to climb over the front, increasing the height by as much as fifty per cent. The resulting, now moving build-up of water curls over at the crest and spews young people talking a strange language and riding objects that look like plastic ironing boards onto the beach. This form of wave is called a ‘breaker’, or ‘surf’. When the water from the waves rushes back into the sea, depending on the shape of the shoreline, dangerous ‘rip currents’ can be formed.

For the navigator, this increased height of a series of waves can be an indication of shallowing and, therefore, of the possible proximity of low-lying land and a bar serving drinks. It is also a warning of what to expect when approaching a beach, especially when trying to land in a dinghy. You may be happy with the situation 100 metres off shore, but caution is needed because in the last 10 to 20 metres, the seas will suddenly steepen and try to sabotage your intended dignified and upright arrival.

Note that a shallowing bottom can also cause waves to change direction in a process called ‘refraction’. The line of the waves will turn so that they are more parallel to the shore.

The Swell

We are back on the open sea again and looking at the waves, and pondering: if waves are bundled-up energy, what happens to that energy when the strength of the wind decreases?

Once the wind has dropped or the waves have moved beyond the ‘influencing force’, the waves are said to ‘mature’ into a regular pattern known as a ‘swell’. In maturing, these waves resolve themselves into groups with a similar wavelength and period (speed). Groups with the same origin and direction are known as ‘wave trains’. Unimpeded, waves in the form of ‘swell’ can travel for many hundreds of miles in the same direction. It is this settled, regular and predictable form of wave that is most useful to barefoot navigators; its consistency can help them hold a course. The origin of a swell can be somewhat random – it may have been that five days ago there was a storm somewhere to the south. But the origin can also be predictable to a degree; for instance, the north-east trade winds of the North Pacific are known to generate a north-east swell.

(Be alert, however, to a long-standing inconsistency in the way navigators describe the direction of things. Winds are described in terms of the direction from which they originate. This is also true of sea and swell. It is not true of a sea current, though, which is always described in terms of the direction in which it is moving.)

During daylight and moonlight, the helmsman will be able to angle his bow to the wave train in order to keep a reasonably steady course. Some Polynesian sailors were able to do this ‘by feel’, an especially useful skill during overcast nights.106 That is not quite as awe-inspiring as it might at first seem, however. If your heading is opposite to that in which the swell is travelling, the swell will lift your bow, perch the boat on its crest and then let you down, pushing the stern up as it passes. Then it will do it again. And again. And again. The movement of the boat – and the balancing movement of your body – will fall into a pattern. I can vouch for the fact that on a night passage you get used to this movement, and you know when it goes wrong. If the wind shifts and the helm turns a little off the swell, the boat will start to roll a little, introducing a corkscrew motion that will be immediately noticeable; you are on a different course.

For whoever is on the helm, two swells are definitely not better than one. Cross swells caused by conflicting disturbing forces make this form of steering very difficult, as do waves caused by a local surface wind working across the direction of the underlying swell. In such confused seas, and in the absence of any other clues to direction, the helm will struggle to keep any kind of straight course. (For the good news, see ‘Reflected and Refracted Swells’ under the ‘Landfall’ section on here.)

No swell can be scarier than having a confused one. In 1773 Captain James Cook was sailing somewhere near the archipelago of Tuamotu, the ‘Dangerous Archipelago’. He knew they were nearby; he was in a ‘swell shadow’. Cook recorded the set of the swell with the same diligence as he logged his position.The swell was such an integral part of his wayfinding that its night-time disappearance when he was making passage through the tricky Tuamotus piqued Cook’s interest. It suggested he was close to land. If dawn brought a sea breeze, could he be pushed ashore? But then, everything was fine again: ‘We now had a large swell from the South, a sure indication that we were clear of the low islands.’107


Although our Polynesian wayfinders would have been more than happy to find themselves on a friendly ‘seafarers’ swell’, we can be confident that they would have taken every opportunity to check its direction. If they were far enough north, a quick glance at Polaris would help to reassure them, and if far enough south, a glimpse of the Southern Cross would suffice. Dawn, dusk and sight of the high sun at noon would all serve to provide what the good navigator yearns most: a cross-check on his previous calculations. There is, however, another reason for these frequent verifications. Such is the reliability of swell that a shift in direction can only really mean one thing – the influence of a nearby land mass. We will deal with that phenomenon in the later section on Landfall.

Surface Currents

If there is a current in the direction you want to travel, take it. It will give you a free ride at two or three knots, and hundreds of long-distance rowers and rafters can’t be wrong. In other words, if you have limited motive power, surface ocean currents should play a major part in your navigation strategy. This is especially true if you are in a survival situation.

Any water that is moving – as a tide or a current – is described in terms of its ‘set’ and ‘drift’. ‘Set’ is the direction towards which it is moving. ‘Drift’ is its speed. There are two types of ocean current, those driven by the wind and those caused by temperature and salinity differences (see Figure 2.11). The latter are described as thermohaline and are somewhat analogous to the way air shifts around in the atmosphere. As you would expect, all wind-driven currents are surface currents, as are some thermohaline types. However, in the expectation that you are not cruising in a recycled U-boat, we can forget about this distinction and just concentrate on what is happening where the sun shines.
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Figure 2.11: Global ocean currents. Based on a map by Dr Michael Pidwirny.



Here is a simple example of currents providing both a problem and a solution. If you want to sail from Florida to the Bahamas, it is a good idea to start from Cuba. The speed of the Gulf Stream heading north for its Atlantic crossing is usually between three and five knots. (‘Stream’, by the way, is another word for ‘current’.) Even in a powerful sport-fishing boat this can’t be totally ignored, and knowledgeable locals advise against attempting the crossing from northern Florida under sail. The sensible solution is to take a leisurely cruise down the Intracoastal Waterway to at least Lake Worth and then head east from there. But the locals will also tell you about a weaker inshore current, which has a southerly set. There are more brownie points (but fewer cool ones) for using this as part of your strategy.

Bad weather in the form of long periods of powerful winds can change the set and drift of whatever current you have been sailing on. As you would expect, wind-driven currents will tend to be heading in the same direction as the prevailing wind for the area in which you are sailing. Steady winds away from this direction will change the current. However, such a wind has to blow for a day or more at more than 20 knots for it to make much difference. (Three per cent of the wind speed is the rule of thumb and this results in a 0.6 knot increase in drift.) See Appendix 12 for a world chart of ocean currents.

Tidal Currents

On a few occasions I’ve fished for monster sea bass from a beach on the north side of the Llŷn peninsula, the ear of the pig that represents Wales on maps. I was always there at the recommended time; a spring tide after dark with a good onshore blow. All I ever went home with was a very dismal impression of weather conditions in the Irish Sea.

About 1,800 years before I sat on my fishing box warming my fingers around a mug of hot coffee, a Roman soldier (he couldn’t have been a sailor) took in the same vista and wrote a report back to the Empire’s galactic headquarters. This is what he said:


‘The sea which divides Hibernia [Ireland] and Britannia is rough and stormy all the year and thus is navigable on only a few days of the year. They put to sea in small boats of pliant twigs which they surround with a covering of ox skins. They take no nourishment the entire length of the journey.’108


Some years after my bleak and fruitless fishing expeditions, I sailed the Irish Sea out of Conwy in North Wales, Maryport in Cumbria and Oban in Scotland, and I can assure you that it’s possible to get plenty of fine sailing weather – but I haven’t ventured out there in a flimsy coracle!

The Roman soldier was wrong about the weather, but what might have rattled him were the tides. Anyone used to the Mediterranean Sea would be aware of the measly 50-centimetre (20-inch) tidal range experienced around the coast of Italy, so seeing the sea totally disappear and then race back in to an astonishing depth only hours later must have struck awe, if not abject fear, into this man’s heart. At Barrow-in-Furness the tidal range can reach 10.73 metres (35 feet). Your mooring lines need plenty of slack.


Periodic currents are tides – in other words, movements of water influenced by the moon and the sun. Tidal currents can often be faster than ocean currents. The tidal ebb along the south coast of Scotland in the Solway Firth can exceed four knots. This is great if you are heading west for Ireland, but unless you time your return for the incoming flow, it might be a good idea to stay in Dublin. Fortunately, from this point of view, tides become less and less of a concern the more offshore you are. In some waters they are not really an issue at all, the Mediterranean and Baltic seas being cases in point. Tides in the open waters of the Caribbean where it meets the North Atlantic are scarcely more significant (unless you are dropping your hook in a marginal anchorage). For example, the tidal range at the reference port of Kingstown, St Vincent, has never been known to exceed 94 centimetres, or 3 feet.

The point about tides is that they have to be considered as local sea conditions. I can’t give you a global chart from which you can predict tidal currents and ranges for a specific location, date and time of day. It’s all about local knowledge, which is why, for large commercial vessels, valet parking – the use of a harbour pilot – is mandatory.

Royal Yachting Association courses rightly dedicate a lot of time to the reading of tide tables and the calculation of tide fall, essential skills for safe sailing around the British Isles. Since the first edition of this book, computer websites that can predict tides for any period of time anywhere in the world have become readily and freely available on the internet.109 The use of these implies ready access to the internet, but there are plenty of downloadable apps that will run on Android or iOS devices when you are beyond the reach of Wi-Fi.
c
 However, these, without access to ‘the cloud’, will not include bonuses such as forecasts of weather and sea conditions.

Such technology is, of course, on the barefoot navigator’s blacklist. She will have to rely on (a) a lead line for sounding the depths as the boat creeps forward, (b) a portion of prudence and (c) whatever local knowledge she can acquire. I happily confess to having followed a fishing boat into a harbour on more than one occasion. Anything likely to draw more water than me will do. See the later chapter on ‘Plumbing the Depths’.

Catch a Rising Star: Barefoot Astronavigation


‘When you follow a star you know you will never reach that star; rather it will guide you to where you want to go.’ (Jeanette Winterson, Boating for Beginners, 1990)


Star Trains: Stations and Schedules

Much of what follows is about the recognition of constellations. The ability to pick out a group of stars and say, ‘That’s Scorpius!’ is the first step towards identifying its special navigation star, Shaula, which rises at 128°10’ and sets at 231°50’.

Pacific Islanders had a tradition of dividing the sky up into ‘houses’, a sequence or family of stars that rose in a particular quarter of the sky (and set in the same order at the reciprocal, of course). This concept makes it possible to avoid the problem that occurs when you need a particular heading but the horizon event that’s going to give you that heading has not happened yet. Or, just as likely, you missed the transit and it’s now too far off the horizon to be useful.

‘Star trains’ are named sequences of stars all within a fairly narrow range of bearings, less than ten degrees if possible. They will have fixed time intervals between them. I guarantee that my star trains will be far more reliable than any crowded commuter service you’ve ever used. So if you miss an important horizon event, don’t worry; if the star is part of a train, another one will be along soon.

Star trains are sometimes called ‘star paths’ or ‘star lines’. The stars of some short star trains, such as the one I’ll call the Merak Express (see below), are all part of the same constellation (Ursa Major in this example), but others will cross constellation boundaries. Throughout this section I’ll name and describe some short star trains for each of the main quarters of the night sky.

Above the Horizon

Once all sunlight has failed, a Polynesian navigator would need Marama, his moon god, to illuminate the juxtaposition of sea and sky. A visible horizon is essential to all navigators because it shows precisely where certain stars are rising and setting and provides the fixed reference point for measuring the altitude of celestial objects such as Polaris, the Pole Star. The altitude of key guiding stars was the means by which the ancients determined the distance of their boats north or south of their destination islands; modern barefoot navigators will think more in terms of a ‘latitude’, expressed as a number between 00° and 90°, to represent their distance north or south of the Equator.

People in different parts of the world see different portions of the same night sky at different times of the year – and, of course, it changes constantly through the night as the Earth rotates. But the fundamental consideration is the latitude of the observer. Let’s start at the ‘top’ and work down. If you are at the North Pole and look above your head, you will see Polaris at its zenith. (I’ll show you how to locate it later.) You are excited because the whole universe is rotating counter-clockwise around your head with Polaris as its axis. You even forget your ears are about to drop off.

Now do a Michael Palin and head south – from here, that’s any old direction, of course. As you walk away from the North Pole, the stars appear to move differently; now they seem to rise more in the east, arc across the sky, and set in the west – just like the sun. The further south you hobble, the more the starry sky follows a huge arc from east to west (see Figure 2.12a). As you travel on to warmer climes, the highest point of this arc moves up and up until, as you cross the Equator, the stars are going right over your head on their nightly journey (Figure 2.12b). But by now Polaris has sunk below the northern horizon. As it did so, Crux, better known as the Southern Cross, has risen above the southern horizon; this is fortunate, because this constellation is going to tell us where south is. (For any navigator worth their salt, that’s as good as knowing the direction of north.) Heading south from the Equator, we see the stars transcribing lower and lower arcs until the heavens appear to be circling our head once more, this time in a clockwise direction but still rising in the east.
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Figure 2.12a: The path of the stars across the sky from the northern hemisphere.
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Figure 2.12b: The path of the stars seen from the Equator.

The way stars (including our sun) appear to move across the sky is fundamental to the task facing the barefoot navigator. From the stars we can determine a course to steer; north, south, east and west are relatively easy, other headings a little more challenging. Stars also help us decide which latitude we are on. Even calculating longitude is not beyond the wit of the barefoot navigator (well, at least a barefoot navigator with a quartz wristwatch set to UTC, the time at the Greenwich meridian), which is why we will deal with it in Part 3, covering low-tech navigation.

All this activity becomes much easier, and much more enjoyable in practice, if the reader takes the trouble to become familiar with the night sky. This can be done by studying one of the plethora of excellent books available on astronomy, and there are now many astronomy programs and ‘apps’ for personal computers, tablets and phones, which can be downloaded from the internet.
d
 These mostly free programs have the advantage that they can animate the movement of the sky when viewed from any point on the planet. And they can do this in ‘fast motion’ so you don’t have to freeze on deck in less moderate climes. In the tropics, however, I used to slump back in the cockpit and watch the magnificent constellation of Orion track across the sky each night from east to west … until I fell asleep, that is. The navigator needs to become familiar with the constellations in order to locate the stars that are going to help him; it is an investment well worth the effort.

The Hand of Kaho’s Apprentice: Measuring Angles

This section of the book concentrates on navigating without technical aids of any kind; but even that style of wayfinding demands the ability to make at least rudimentary measurements of angles. The special knowledge of the ancient navigators was rarely obscure and often very practical. One of the first things that the legendary navigator Kaho would have taught his clever young apprentice was a simple way to measure those angles. Someone once told me this riddle:

‘A hand aboard a ship I knew

Could measure angles fair and true.

Without a manufactured aid,

How were these computations made?’
e




The ‘hand’ referred to is not a Jack Tar but the thing at the end of your arm, and the riddle suggests it can be used as a means of measuring bearings and altitudes. I have my reservations about ‘fair and true’, but this is how it is done.

Stand square-on to where you are looking and extend your arm. The width of your clenched fist gives you an angle of about 10° (see Figure 2.13). Stick your thumb out and you get an extra 5°. This can be used vertically or horizontally of course. An index finger held upright is just over 2° in width; two fingers side by side will give you about 5° of course.
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Figure 2.13: Measuring angles with a fist.

For wider measurements, extend your arm and open your hand wide. The angle between tip of thumb and small finger should be about 15° (see Figure 2.14).

This is all very, er, rule of thumb of course, and perhaps we should pause for what my American chums would call a ‘reality check’. Trying this on the moving deck of a vessel at sea is at least as difficult as using a sextant. The trick, I have found, is to seize your moment. Your boat rises with the swell – get ready now, keep your eye on the star – then the boat hesitates for an instant before dipping down again. You have no more than a second to make the measurement. As with all these things, practice is the only answer.
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Figure 2.14: Estimating angles with an open hand

As a growing lad, Kaho’s apprentice would have soon discovered that the ‘instrument’ at the end of his arm was less than reliable (and even adults don’t always have identically sized hands). You need to know that ‘my fist is eight degrees’ and ‘my extended hand is exactly 16 degrees’ or whatever. So that these odd numbers don’t get in the way of the elegant 5, 10 and 15, I always teach crew members to take the measurement in the ‘standard’ values and then make the adjustment as an afterthought. Like this: ‘altitude is two fists, that’s 20 degrees’. And then: ‘But my fist is only eight degrees, so I have to subtract four.’ Or, if that arithmetic is a bit challenging, stick with: ‘two fists equals 2 x 8 equals 16’. Whatever works for you is fine. (Keep in mind that the ancient seamen, not being into arithmetic yet, would never have refined it beyond ‘two fists’.)

In the northern hemisphere there is a simple way of calibrating your fist using the stars. The angular distance between the second and fourth stars (Mizar and Megrez) in the handle of the Ursa Major (the Great Bear, or the Big Dipper) is, conveniently, ten degrees (see Figure 2.15). The next time you are in the Doldrums or on the hard, hold up your hand and use that distance to estimate the angle subtended by your fist: is it ten? Maybe it’s eleven? (See below for ways of locating Ursa Major.)
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Figure 2.15: Calibrating your fist using Ursa Major (the Big Dipper).

In Part 3, I will describe how you can construct a simple ‘manufactured aid’ from a piece of wood, a length of string and a rusty old bolt. But for now we will concentrate on finding our way around the heavens.


The Big Picture

Here’s the problem. The night sky has more stars than you can shake a kamal at; about 6,000 are visible to the naked eye. Of these, 58 are officially recognised as ‘special stars’ for use in navigation.110,111 Polaris is just one of them. How do those stars become special? Do they have to go on a TV talent show? The selection is based on three considerations: their distribution across the celestial sphere (which determines how they populate a ‘sidereal’ or ‘star’ compass); their brightness; and their ease of identification – how simple are they to locate?

The Pacific Islanders were able to identify about 150 stars. I think the barefoot navigator can work with about 20, and those are a subset of the 58 special stars mentioned above.

 


Question: How do you find a useful star?



Answer: You start by locating the constellation the star belongs to.



 

This is where you need to invest some effort. When you look at the night sky you don’t see any helpful astrological signs or dubious mythical creatures prancing around.

And there’s more bad news. Some navigation stars can be tricky to find; you have to rely on ‘pointers’ to locate them. The worst case is the ‘South Pole Star’. Unlike the North Pole Star (currently Polaris), it doesn’t exist! You have to imagine it at the intersection of two or three pointer lines. Where did I promise that barefoot astronavigation was going to be easy?

Astronomical Mythography and Aids to Pattern Recognition

Professional and serious amateur astronomers don’t use creatures and characters from Greek mythology to locate stars, and nor will we. I’m not convinced they help all that much and I feel uncomfortable in the company of astrologers. In most cases you can come to relate a constellation to a particular Hellenic superhero or animal not because the pattern of stars actually ‘bears’ (sorry!) any resemblance, but because you’ve been told it does.

Take the case of Ursa Major as shown in Figure 2.16. This rendering of the Great Bear was first published in 1824 and the engraver, Sidney Hall, probably thought he was being helpful. The image is one of a set of 32 cards representing the main constellations and their neighbouring stars, entitled Urania’s Mirror; or, a view of the Heavens.112 The original designer of this set of ‘crib cards’ was dismissed as ‘a lady’, suggesting that, as such, she was in some way unworthy of being credited. However, in 1994 Peter Hingley, the librarian at the Royal Astronomical Society in London, exposed the real designer as the Reverend Richard Rouse Bloxam, an assistant master at Rugby School.113 It has been intimated that the Reverend Bloxam was shy about his efforts because he … how can I put this? Well, he dishonestly plagiarised the artwork from A Celestial Atlas written by Alexander Jamieson two years earlier. What happened to the Seventh Commandment?
f
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Figure 2.16: Sidney Hall’s engraving of the Great Bear (1824). Public domain.
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Figure 2.17: The northern sky with constellation connecting lines, but free of mythological people and animals, from latitude 25° North.

If you really want to imagine constellations as prancing white unicorns, or as Greek warriors bashing dead sheep, or as grumpy bears with long doggy tails, then who am I to stop you? The Big Dipper (Ursa Major) and Polaris are used as the state flag of Alaska. As home to the black bear, the grizzly bear and the polar bear, the state would be justified in adding Yogi Bear to its flag. However, Alaskans will be well aware that bears don’t have long tails.

Instead of relying on Greek, or any other, mythology, I will rely on your ability to remember and recall the patterns formed when lines are used to connect the brightest stars of each constellation (see Figure 2.17). This method of pattern recognition is used by astronomers internationally and employed in star maps you’ll see online and in books.

After all that, some positive news. Finding the cardinal points of north, south, east and west is fairly easy. We will deal with those first, filling in the gaps as we go along.


Looking North: Finding Polaris

Perhaps the earliest date we have for the use of Polaris in marine navigation is 600 BCE, when the mathematician and astronomer Thales of Miletus proposed the use of the Little Bear, Ursa Minor, to determine north. Polaris – a multiple star consisting of a 1.97-magnitude yellow supergiant and a dwarf travelling companion – is at the tail end of the Little Bear.114 (See ‘The Mediterranean: Pharaohs, Phoenicians and Greeks’ in Part 1, here.)

However, a big caveat is needed before we go any further. Back in 600 BCE, Polaris was nowhere near the north celestial pole! At midnight on New Year’s Day 600 BCE, Polaris was at 74°58’ North – 15° off celestial north. How do I know that? I opened the Cartes du Ciel program on my computer and wound its clock back to 600 BCE.115 If I repeat this process going forward in time I can see Polaris creep closer and closer to celestial north: by the year 1 CE it’s at 78°15’; in 1000 CE it’s at 83°47’; and in 2000 CE it’s at 89°16’ – certainly close enough for barefoot navigation.

To be fair to Thales of Miletus, he never proposed that Polaris be used to find north. Remember the following verse from Callimachus’ poem?

‘Now to Miletus he steered his course

That was the teaching of old Thales

Who in bygone days gauged the stars

Of the Little Bear by which the Phoenicians

Steered across the seas’116


He says ‘the Little Bear’. Later historians – certainly not astronomers – wrongly narrowed this down to Polaris. But could north have been found from the rotating constellation of Ursa Minor? Today we find south from the rotating constellation of Crux (the Southern Cross), so why not? (See ‘Looking South: Finding South Using Crux’, here.)

Polaris is also called the ‘Pole Star’ and the ‘North Star’, and ‘Hokupa’a’ by the Hawaiians, because, for a long time, its use in determining the direction of north has been recognised as the earliest form of hands-on celestial navigation. (It can also be used to find latitude and longitude, but we will deal with these later.) When we call Polaris the North or Pole star, we are giving it a job description; its proper astronomical name is Alpha Ursae Minoris, meaning ‘the brightest star in the Little Bear’. Some 5,000 years ago a star called Thuban (Alpha Draconis) held the job of marking the hub of the northern heavens. In 7,500 years’ time, the task will fall to Alpha Cephei in the constellation of Cepheus. Maybe we will have to rename Polaris; how about ‘Polexis’? For the time being, mortal barefoot navigators should get to know and love ‘Polaris’.

Our first step in finding Polaris is to locate the constellation of Ursa Minor, the Little Bear or the Little Dipper. Using some imagination, Ursa Minor looks like a spoon or ladle. Polaris is the last star in the handle. If you are certain you are looking at the correct star, then a vertical line dropped from Polaris to the horizon gives you due north (see Figure 2.18).


[image: ]


Figure 2.18: Finding north from Polaris.


If you’re not sure you’ve found Ursa Minor, then you have the possibility of a double-check if you can see its big brother – or sister – Ursa Major, also known as the Plough or the Great Bear. It is more commonly named the Big Dipper in the United States, and it certainly looks more like a ladle than the backside of a bear. I don’t really care what you call it; it is far more important to be able to recognise it and to understand how to use it. The double-checks that follow are also useful when the night sky is partially obscured by cloud. In other words, you might be able to locate Polaris even when the rest of Ursa Minor is obscured by cloud.

The further north you are, the higher Ursa Major is in the sky. Visualising it as the Big Dipper, the handle extends from the left (when it’s upright) to the ‘bowl’ itself. The two stars representing the opposite edge from the handle are called Dubhe and Merak, and they are almost exactly 5° apart. These are ‘pointers’ because an imaginary line running from them intersects with the Pole Star (see Figure 2.19).
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Figure 2.19: Finding Polaris from Ursa Major and Cassiopeia.


The most important characteristic of Polaris is that it is a fixed star remaining more or less exactly above the North Pole. (It wobbles a bit.) As the earth spins, all the northern constellations appear to rotate around Polaris. Even if the Great Bear is standing on its head, Dubhe and Merak still point to the Pole Star – that’s why identification of this key constellation, regardless of its orientation, is so crucial.

If you can’t make out Ursa Major, Cassiopeia might be able to help. This constellation is roughly opposite the Great Bear on the other side of the Pole Star and at about the same distance from it as the Great Bear. Cassiopeia was a vain queen in Greek mythology and is mostly depicted experiencing a breast-revealing ‘wardrobe malfunction’. To me, her constellation looks like a big, bright W; if Ursa Major is the right way up (so that nothing spills out of the dipper), then the W of Cassiopeia will be upside down as you look at it. Start by imagining a line that runs between the end stars of the W. Then imagine another line running roughly at right angles to that from the first star you would touch if you were writing the W; if the W is upside down it is the one on the right, if it is the right way up, it is the one on the left. That line points to Polaris. It is easier to draw than to explain, so see Figure 2.19.

So far, everything seems to be working in our favour – a handy star right over true north and two great big constellations to point at it all night. (There are other pointer stars, but these are the ones that you will use most.) This, then, might be the right time to give you the bad news: Polaris is a second magnitude star, which means that it’s not very bright (1.97), about fiftieth in the standings. It does, however, sit in the middle of the only black patch in that part of the sky. This is the technique for finding it: locate Ursa Major or Cassiopeia, follow the pointers until you get to the dark area, and then seek out the Pole Star in the middle of that. A vertical line down to the horizon gives you north, 000°. It takes a little practice, but it obviously isn’t rocket science.
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Figure 2.20: Northern sky from latitude 13° North (the tropics).

What can you do if Polaris itself is obscured by cloud? There is a way around this if you can see either of the main pointer constellations. Remember that the angular distance between the pointer stars of Merak and Dubhe is 5°? Well, the distance between Dubhe and Polaris is about five times that, 25°. You should be able to approximate that with your hand to get a rough idea of where the Pole Star is, and if you can guess where Polaris is, you have a rough idea of where north is. Measuring that angle of 25° is also a great task for a cross-staff, which can be preset (see Part 3).

Because Ursa Major rotates around the Pole Star so precisely, it can be used to determine longitude, and this is considered in Part 3, in the section ‘A Minimalist Longitude using Kochab’(see here).

If you are in the far north, your working view of the night sky will include our three constellations, Ursa Minor, Ursa Major and Cassiopeia, while they circle celestial north as marked by Polaris. But as you go further south, the stage will sink lower and lower, and the constellations will begin to set and rise at the horizon. Figure 2.20 shows what the northern sky looks like from latitude 13° North. Sometimes Ursa Major will completely disappear below the horizon (see Figure 2.21).
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Figure 2.21: Northern sky from latitude 13° North (Ursa Major is below the horizon).


This is not a terminal outcome for barefoot astronavigation because when that happens, we become endowed with a stack of additional horizon events. For example, the star Pherkad in Ursa Minor rises at 012° 20’ and sets at 347° 40’ – two more notches in our sidereal compass. Merak in Ursa Major rises 19 degrees further west at 031° 18’ and sets at 328° 42’. Similarly, the rising star Caph in Cassiopeia tells us where 27° 47’ is; as it sets, it marks 332° 13’.

If we have a good view of Ursa Major rising we can use it to locate another special navigation star, Regulus in the constellation of Leo. You are by now relying on Dubhe and Merak to find Polaris. The stars making up the opposite side of the dipper (that closest to the handle) are called Megrez and Phad. If you mentally extend a line from Megrez through Phad (away from Polaris towards the east) for a distance of 45° you will reach Regulus (see Figure 2.22). This, the brightest star in Leo at magnitude 1.4, rises at 078° and sets at 282°. However, for that pointer to work, Regulus must be well above the horizon and you are going to have to backtrack it to work out exactly where it became a horizon event. Once you become familiar with Leo you should be able to find Regulus unaided.
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Figure 2.22: Using Ursa Major to find Regulus in the constellation of Leo.
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Figure 2.23: The Merak Express: a star train (as seen from latitude 13° North).

Ursa Minor, Ursa Major and Cassiopeia are not just signposts to Polaris; their transits of the horizon give us plenty of alternate headings. Learning to identify them is well worth the effort. Next up is our first star train.


Star Trains: The Merak Express

This sequence of stars in Ursa Major (the Big Dipper) transits the horizon on bearings that are very close to each other (see Figure 2.23). Merak, Megrez, Alioth and Mizar pass through 030–033° when rising, and when setting, through 327–330°, each taking over from the other.

Like all trains, the Merak Express can go forwards and backwards (or rather, up and down in our case). The two charts below, for the ‘Merak Express’ and ‘Cassie Up Here’ star trains, show the stars individually and the distance between them in time.


The Merak Express (from 13° North)





	Star

	Rising

	Setting




	Merak

	031° 18’

	328° 42’




	Interval: 1h 11m

	 

	 




	Megrez

	030° 30’

	329° 30’




	Interval: 0h 42m

	 

	 




	Alioth

	031° 40’

	328° 20’




	Interval: 0h 33m

	 

	 




	Mizar

	032° 50’

	327° 10’









The intervals for rising and setting are, of course, identical: Alioth is always 42 minutes behind Megrez. It takes the Merak Express about two and a half hours to go through the station. One hour and 44 minutes after Mizar rises, the star Caph in Cassiopeia touches the horizon on its way down
g
 (see Figure 2.24).
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Figure 2.24: Cassie Up Here: a star train.


Cassie Up Here (from 13° North)





	Star

	Rising

	Setting




	Caph

	027° 47’

	332° 13’




	Interval: 0h 22m

	 

	 




	Shedir

	030° 42’

	329° 18’




	Interval: 0h 32m

	 

	 




	Gam Cas

	026° 00’

	334° 00’




	Interval: 0h 27m

	 

	 




	Ruchbah

	026° 34’

	333° 26’




	Interval: 0h 46m

	 

	 




	Eps Cas

	022° 35’

	337° 25’










Note that ‘Cassie Up Here’ rises (and sets) on approximately the same bearings as the Merak Express.

Looking South: Finding South Using Crux

‘The English flag may flutter and wave,

where the world wide oceans toss,

but the flag the Australian dies to save,

is the flag of the Southern Cross.’

(Banjo Paterson, 1893)

From the southern hemisphere, you will be unable to see Polaris. So stop looking north and start looking south for Crux, the Southern Cross. Crux is located by looking down along the Milky Way until you find a hole. This is known as the Coal Sack. Near the Coal Sack you will find the bright constellation of Crux (Latin for ‘Cross’, but known as Hanaiakamalama by the Hawaiians).

Some care is needed. Ahead of Crux as it crosses the night sky in a clockwise sweep is the notorious ‘False Cross’. The False Cross is not a constellation but an unfortunate grouping of stars from the constellations of Carina and Vela. This impersonator is bigger than the original, and to avoid misidentification you should apply what I have to call a cross-check! Following Crux (the real one) is a pair of very bright stars that line up with the uppermost star in the Southern Cross (Gacrux); these are called the ‘Southern Pointers’. If that does not convince you, look out for a triangle of stars following the Southern Pointers. This is the constellation of Triangulum Australe (the Southern Triangle), more popularly known as ‘The Three Patriarchs’ (see Figure 2.25). Once you have found Crux and its two fellow-travellers you should have little doubt that you are looking at the correct part of the heavens.
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Figure 2.25: Finding the Southern Cross (Crux) (seen from latitude 10° South).

Now for another of those reality checks: there is no star in the southern sky that is equivalent to Polaris. You have to visually estimate where the south celestial pole is. Start by mentally drawing a line down the long axis of Crux from Gacrux (at the top when it is upright) through Acrux (at the bottom) (see Figure 2.26). Another line drawn at right angles to the Southern Pointers will intersect with the line from Crux. This will give you a point almost vertically 
above True South, 180° on the horizon. The point in the Coal Sack is actually a little bit to one o’clock of the Celestial South Pole. The distance of that from Acrux is about five times the distance between Gacrux and Acrux. It’s what I call ‘barefoot accurate’ if you’re not using instruments.

The Three Patriarchs (the Southern Triangle) can make the job a little easier. Astronomers call the three main stars of the triangle Alpha, Beta and Gamma, according to their magnitude. If a line between Alpha and Gamma is the base of the triangle, a line from the apex, Beta, which crosses the base at right angles, serves as a third pointer to the south celestial pole, which is now close to the intersection of the lines from Crux and the Southern Pointers.


The two stars of the Southern Pointers are part of the sprawling constellation of Centaurus, which wraps around Crux. The first of the two stars to rise is Agena (magnitude 0.61). This is then followed by the very bright Alpha Centauri. It is supposed to have the common name of ‘Rigel Kentaurus’, but I’ve only ever known it as Alpha Centauri. Its main claim to fame is that it’s the closest star to our solar system and is the brightest star in the southern hemisphere, with an apparent magnitude of -0.27.
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Figure 2.26: Finding South from the Southern Cross (Crux) (seen from latitude 10° South).

A tip. As Crux arcs across the sky from east to west, at some point it becomes vertical (see Figure 2.27). If you are so far south that you and the penguins can see the full rotation of the southern stars, then there will also be a point when Crux is vertically upside down. When these events happen – and only then – the constellation’s pointers are giving you a line right down through the celestial South Pole to the horizon at 180°. This only happens twice a day, the same number of times a stopped clock is right.

This is particularly useful if you are in the tropics and the pointers are all intersecting below the horizon.
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Figure 2.27: When Crux is near-vertical it will give us a barefoot navigator’s south.

Star Trains: The Canopus Commuter

Here’s another useful star in the southern hemisphere. Remember the False Cross? It is part of the constellation of Carina (see Figure 2.28). Carina is Latin for the keel of a ship. If there’s a ship around, there must be a navigator. Now look to the right, more towards the east. At a distance of 22° (two fists and a bit) from the centre of Carina you’ll see a nice fat supergiant star, the second brightest in the sky. This is Canopus, the Navigator! It is part of the constellation of Carina but seems somewhat detached. Canopus rises at 144°40’ and sets at 215°20’.
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Figure 2.28: The supergiant star Canopus is 22° towards the east from the centre of the False Cross.

It also leads the way in a star train I’ll call the ‘Canopus Commuter’, followed by three stars in the constellation of Velorum: Delta Velorum, Kappa Velorum and Phi Velorum. They pass through 144°–158° when setting and through 212°–216° when rising, each taking over from the other. That’s about SE-by-S and SW-by-S, respectively.
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Figure 2.29: 
Star train: the Canopus Commuter (from latitude 10° South).


As with the star train charts above, the following chart for the ‘Canopus Commuter’ shows the stars individually and the distance between them in time (the intervals):


The Canopus Commuter





	Star

	Rising

	Setting




	Canopus

	144° 40’

	215° 20’




	Interval: 2h 15m

	 

	 




	Delta Velorum

	146° 50’

	213° 10’




	Interval: 0h 37m

	 

	 




	Kappa Velorum

	147° 10’

	212° 50’




	Interval: 0h 36m

	 

	 




	Phi Velorum

	146° 40’

	213° 20’









The time it takes the Canopus Commuter to go through the station is a useful three and a half hours.

Star Trains: The Scorpius Special

Once you have found Crux and the Southern Pointers you can use them to locate the constellation of Scorpius along the Milky Way towards the east. A pointer from Acrux through Alpha Centauri will, at a distance of 35° from Alpha Centauri, fall on Shaula, the sting in the tail of Scorpius.
h
 Its apparent magnitude is 1.62. Shaula rises at 128° (comfortably close by south-east at 135°) and sets at 232° (see Figure 2.30).
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Figure 2.30: Star train: the Scorpius Special (from latitude 10° South).


The Scorpius Special





	Star

	Rising

	Setting




	Dschubba

	 113° 10’

	 246° 50’




	Interval: 0h 33m

	 

	 




	Antares

	 117° 00’

	 243° 00’




	Interval: 0h 9m

	 

	 




	Tau Scorpii

	 119° 00’

	 241° 00’




	Interval: 0h 22m

	 

	 




	Epsilon Scorpii

	 125° 10’

	 234° 50’




	Interval: 0h 47m

	 

	 




	Shaula

	 128° 10’

	 231° 50’




	Interval: 0h 12m

	 

	 




	Kappa Scorpii

	 130° 10’

	 229° 50’




	Interval: 0h 1m

	 

	 




	Sargas

	 134° 20’

	 225° 40









Scorpius is a huge ‘vertical’ constellation giving us lots of horizon events. The interval between the rising of Dschubba in its head to Sargas in its tail is just over two hours. Sargas puts in an appearance at 134° – the closest of this star train to south-east. Here is the full chart, showing the stars individually and the intervals:

Remember to flip the train on its head for the setting sequence: Antares will be first to rise and first to set.


Looking East and West: Hunting with Orion

Orion (‘The Hunter’) is a celebrity constellation; it is big and full of bright stars, galaxies and Megallanic clouds (see Figure 2.31). The leading star on its belt, Mintaka, rises almost exactly at 090° and sets almost exactly at 270°. For the purposes of barefoot navigation it is accurate enough to say that the belt of Orion rises due east and sets due west regardless of the latitude of the observer.

If that latitude is 0° – in other words, if you are on the Equator – Orion’s belt will rise vertically from due east, pass over your head (your zenith) and eventually set due west (see Figure 2.32).

Figure 2.33 also shows Orion rising, but this time from a position 40° south of the Equator. Mintaka, the jewel in Orion’s belt, still emerges – over to our right if we are looking north – almost exactly due east, but it climbs into the sky at an angle (of 40°, to be precise). If we were somewhere in the northern hemisphere and looking south, Orion would appear to climb and traverse the sky towards the right rather than to the left, but the principle is the same of course.

Nearly twelve hours later, Orion will be seen setting in the west (see Figure 2.34). Keep in mind that the more acute the angle, the more difficult it is to predict the point at which the belt is going to intersect with the horizon. It is generally accepted that the limit is up to two hours after rising and up to two hours before setting. This is true of all situations where you are trying to estimate the point at which a celestial body rose above the horizon or where it will sink 

beneath it when it eventually sets. The straight edge of an improvised quadrant can be used to make this task a little easier (see Part 3 on do-it-yourself lo-tech navigation).
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Figure 2.31: The constellation of Orion (from latitude 10° South).
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Figure 2.32: Orion rising as seen from the Equator.
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Figure 2.33: Orion rising seen from a latitude of 40° South.
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Figure 2.34: Orion setting as seen from a latitude of 40° South.

There are other bright stars in the Orion constellation that can give us bearings not far off east. These might be useful if Orion’s belt is partially obscured. Once you’ve spotted the arc of the hunter’s shield – or the dead lion, depending on your preferred mythography – the first star to appear will be Rigel, usually shown as Orion’s left knee or left foot if he is facing us. With a magnitude of 0.13 it is the brightest star in this constellation and the seventh brightest in the whole night sky.
i
 Rigel, a blue-white supergiant, rises at 098°, almost a fist south of Mintaka. It sets at 262°.

At Orion’s right shoulder is Betelgeuse,
j
 a red supergiant, the second brightest in the constellation. It rises at 082°, almost the identical distance north of Mintaka that Rigel is to the south.

Orion’s Helpful Neighbours

One of the problems with rising horizon events concerns anticipation. If you can’t make out the whole constellation yet, there’s a danger you’ll miss the star that’s giving you the event. Taking the example from above, Rigel appears long before you are able to make out the distinctive shape of Orion itself. What we need is some kind of early warning sign of what is about to come next. In the eastern quarter of the sky that sign is provided by the breathtaking Pleiades, the ‘Seven Sisters’ (Figure 2.35). Wikipedia describes the Pleiades as ‘an open star cluster containing middle-aged hot B-type stars located in the constellation of Taurus’117 (which, according to a friend, makes them sound like George Clooney).
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Figure 2.35: The Pleiades (the ‘Seven Sisters’). Image from NOAA.

In 1767 the Reverend John Michell calculated that the probability of a chance alignment of so many bright stars was only 1 in 500,000, and so correctly surmised that the Pleiades and many other clusters of stars must be physically related.118 That was impressive use of probability theory for the 18th century.

This cluster of stars is one of the few celestial objects that is instantly identifiable – almost as it clears the horizon. As it rises the Pleiades looks vaguely like a question mark, and the brightest of the seven sisters is right in the middle at the point where the upper curve of the question mark turns to descend straight down; this is the 2.85 magnitude star Alcyone.

Alcyone rises at 065° and sets at 295°. You don’t need to pick out Alcyone individually: the transit of the Pleiades is sufficiently barefoot-accurate. The cluster also gives us a useful warning to look out for the next special navigation star to put in an appearance. This is 0.87 magnitude Aldebaran, the brightest star in the distinctive constellation of Taurus (the Bull). Aldebaran rises 56 minutes after Alcyone at 073° (and sets at 287°). It also tells us that Orion is not far away (see Figure 2.36).

If you mentally trace a line from Alcyone through Aldebaran it will run to Bellatrix at the left shoulder of Orion. This pointer will suggest where you should be looking for the emergence of Orion. When Bellatrix rises an hour later (at 083°, setting at 277°) you know that our old friend Mintaka will pop up a few minutes after that to flag 090°. Using this method, you won’t miss our essential marker for east and west.

Let’s look outside the constellation of Orion, more to the north-east, and wind the clock back to the rise of Aldebaran. At apparent magnitude 0.08, Capella is the brightest star in the constellation of Auriga (Latin for ‘Charioteer’). Capella is Latin for ‘small female goat’.

While the implied existence of chariot-jockey goats is fascinating, a far more important fact for the barefoot navigator is that Capella rises at exactly the same time as Aldebaran but at a bearing of 042°, setting at 318°. Aldebaran rises at 073° and sets at 286° (see Figure 2.37). At a little off north-east and north-west, these are very handy. Once Orion is well up into the sky it can help us find two more horizon events.

The first of these events is going to be more towards the south. Sirius, in the constellation of Canis Major, is the brightest star in our skies; it has an apparent magnitude of -1.46 (see Figure 2.38). That’s twice as bright as second-ranking Canopus in the southern hemisphere. It can be found by drawing a pointer 
through the three stars of Orion’s belt – Mintaka, Alnilam and Alnitak – and measuring off a distance of two fists, 20°. Sirius, the ‘Dog Star’ because it’s in the constellation of the Huge Hound, rises at 107° and sets at 253°. Sirius is the zenith star for the island-chain of Tahiti.
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Figure 2.36: Finding the Pleiades from Bellatrix and Aldebaran.
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Figure 2.37: Capella (Auriga) and Aldebaran (Taurus) rise at the same time (seen from 13° North).
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Figure 2.38: Meet the neighbours: Capella (Auriga), Castor (Gemini) and Sirius (Canis Major) (seen from 13° North).

If you can see Sirius, look left, to the north of Orion, and you should be able to make out the feet of the twins in the Constellation of Gemini. They appear ‘upside down’ as they rise. A line from Alnitak (the rightmost star in Orion’s belt) through Alhena (the ‘right heel’ of Gemini) will point to Castor. That’s a total distance of 35° from Alnitak. Castor, a special navigation star, is the head of one of the twins. It rises at 057° and sets at 303°. Its sibling, Pollux, will rise a few minutes later at 61° and set at 299°. Sirius and Castor rise and set at exactly the same time.

When Ursa Minor rotates to about 2 o’clock to Polaris, the stars in the handle side of the Little Dipper will point to another rising navigation star. A line through Zeta Ursa Minor and Eta Ursa Minor will extend towards the north-east, where 0.03 magnitude Vega in the constellation of Lyra will rise at exactly 050° (it sets at 310°) (see Figure 2.39).
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Figure 2.39: Finding Deneb (Cygnus) and Vega (Lyra).

Following Lyra is the constellation of Cygnus, the Swan. More precisely, 1 hour and 52 minutes after the rise of Vega, the star of Deneb (the brightest in Cygnus) rises at 043°. It sets at 317°. Now 043° is barefoot-accurate for a course of north-east. Vega and Deneb are very useful stars.


The Latecomer to the Party: Spica

The massive binary star system Spica is no neighbour of Orion. It arrives eight hours later at about 100° when Mintaka, our poster boy of special navigation stars, is already thinking about bed. However, on a cloudy night, Spica and its own neighbours might just be godsends.

Spica is in the constellation of Virgo, but we start by looking out for the box-shaped constellation of Corvus, which rises just east of south-east (see Figure 2.40). You should immediately be able to get a bearing from the star in the top-right corner of the box. This is special star Minkar, which rises at 113° and sets at 247°.
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Figure 2.40: Finding Spica (Virgo) from Boötes and Corvus.

Now draw a pointer through the top-left and bottom-left stars of the box. Gienah Ghurab and Algorab point to Spica, which, when it rises 50 seconds later at 101°30’, will be 10° from Algorab. It sets at 258°30’. So, in barefoot terms, Spica rises a fist south of due east.

And we haven’t finished yet. To our left, a little further north, the constellation of Boötes
k
 has begun to rise. Its brightest star is the splendidly named, 0.05 magnitude Arcturus, fourth in the overall standings and the brightest star of the night sky in the northern hemisphere. It rises 21 minutes after Spica at 070° and sets at 290°, two fists north of east and west.


Polynesian navigators know Arcturus as Hōkūleʻa, the ‘Star of Joy’. The likely reason for this is that Arcturus is the zenith star of the Hawaiian Islands; once it’s overhead you’re home and dry (see ‘Zenith Stars’ in the section below entitled ‘Where Am I, Roughly?’) Using Hōkūle‘a and other stars, the Pacific Islanders launched their canoes from Tahiti and the Marquesas Islands. According to the Wikipedia entry for Arcturus:


‘Traveling north-east they eventually crossed the equator and reached the latitude at which Arcturus would appear directly overhead in the summer night sky. Knowing they had arrived at the exact latitude of the island chain, they sailed due west on the trade winds to landfall. If Hōkūle‘a could be kept directly overhead, they landed on the south-eastern shores of the Big Island of Hawai’i. For a return trip to Tahiti the navigators could use Sirius, the zenith star of that island.’119


The Polynesian Voyaging Society’s double-canoe Hōkūle‘a has crossed the Pacific Ocean many times, its navigators employing this important wayfinding method in their barefoot navigation.120


Stranger in the Dark: Fomalhaut

Fomalhaut is a first magnitude star (1.16) in an unremarkable constellation called Piscis Australis (the Southern Fish). It is the third brightest star known to have a planetary system, after the sun and Pollux, Castor’s twin in Gemini. One of its planets has been imaged by the Hubble Space Telescope at visible wavelengths.

There is no easy way to find Fomalhaut from other navigation stars. It’s about five hours behind Scorpius: when Shaula passes the south meridian, Fomalhaut will be rising in the south-east at 120°. It sets at 240°.

360 Degrees of Separation: Introducing the Pelorus


‘Of the divisions of the circle of the sky. The learned in nautical science agree that the circle of the sky, that is to say, the horizon, is divided into thirty-two parts, called khan-f; because the ship can go in thirty-two directions, which applied to the horizon make these thirty-two divisions, every one of which is named after a particular constellation to which seafaring men have given a particular name.’ (Sidi, Mohit, 1554)121


Not to be confused with Polaris, a pelorus is an aide-memoire, a means of aggregating information in a form that will be useful to the pilot when making passage. It looks like a compass because it relates the information (wind, sun, stars) to bearings around 360°.

What we’ve been doing in this section of the book is building up a selection of navigation stars, based on the ‘special stars’ selected by Her Majesty’s Nautical Almanac Office and the US Naval Observatory. The following chart is our subset of those stars:





	Star (Constellation)

	Rise

	Set




	Polaris (Ursa Minor)

	000° 00’

	000° 00’




	Pherkal (Ursa Minor)

	012° 20’

	347° 40’




	Megrez (Ursa Major)

	030° 30’

	329° 30’




	Merak (Ursa Major)

	031° 18’

	328° 42’




	Capella (Auriga)

	042° 10’

	317° 50’




	Deneb (Cygnus)

	043° 00’

	317° 00’




	Vega (Lyra)

	050° 00’

	310° 00’




	Castor (Gemini)

	057° 00’

	303° 00’




	Alcyone (Taurus)

	065° 01’

	294° 59’




	Arcturus (Bo ö tes)

	070° 10’

	289° 50’




	Regulus (Leo)

	077° 40’

	282° 20’




	Mintaka (Orion)

	090° 10’

	269° 50’




	Spica (Virgo)

	101° 30’

	258° 30’




	Sirius (Canis Major)

	107° 00’

	253° 00’




	Minkar (Corvus)

	113° 10’

	246° 50’




	Shaula (Scorpius)

	128° 10’

	231° 50’




	Canopus (Carina)

	144° 40’

	215° 20’




	Achernar (Eridanus)

	149° 20’

	210° 40’




	Becrux (Crux)

	152° 15’

	207° 45’




	Acrux (Crux)

	156° 05’

	203° 55’




	Vertical Crux (Crux)

	180° 00’

	180° 00’
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Figure 2.41: Example of a pelorus: an astro-steering compass.


I have sequenced these according to the bearing on which they rise (as seen from latitude 13° North, St Vincent and the Grenadines). I could have done it alphabetically. Either way, it’s not particularly easy to use. This is where the pelorus comes into play. Figure 2.41 shows the stars deployed around a pelorus to make a star compass. It’s now possible to see the positional relationship between the stars; for example, ‘Alcyone in the Pleiades is to the left of Orion at about 065°’. This is not as accurate as the table of bearings but it’s within a few degrees and probably accurate enough for barefoot navigation. There is more on the practical use of a star compass in Part 3 of the book, below.

The Sidereal Compass

If you visit your local chandler and ask for a ‘sidereal compass’ or a ‘star compass’, you will get a funny look. A star compass is not something that comes in a nice wooden box and has a needle that points to north. Nor does it drain your 12-volt batteries. For the definitive word on this we can turn to a real barefoot navigator, the legendary Nainoa Thompson of the Polynesian Voyaging Society:


‘The star compass is the basic mental construct for navigation. We have Hawaiian names for the houses of the stars – the places where they come out of the ocean and go back into the ocean. If you can identify the stars, and if you have memorized where they come up and go down, you can find your direction. The star compass is also used to read the flight path of birds and the direction of waves. It does everything. It is a mental construct to help you memorize what you need to know to navigate.’122


A ‘mental construct’ is a good way of describing a star compass, which, like the wind compass, is a way of representing useful information rather than an instrument. Of course, this is a mental construct that you can write down, and you are already in a position to make a start. Draw a circle, then a vertical line through the centre and another at right angles to that. Mark the cardinal points: north, south, east and west. Against north, write ‘Polaris’ or ‘Pole Star’; against south write ‘Southern Cross’ and ‘Southern Triangle’. Close to east write ‘Orion rises’; and near west write ‘sun and Orion sets’. If you like, reach for your colouring pencils. Now you have a basic star compass!

Sadly, though, it’s not very useful; we could use a good deal more rising and setting stars against the other points of the compass in between those four. Nainoa Thompson says that Pacific navigators remember about 220 stars by name and according to where they rise and set. The star compasses shown on the Polynesian Navigation Society’s website123 are considerably more complicated than a magnetic compass. One major problem is that you don’t always get rising/setting stars where you need a compass point. But more can be filled in with what we already know.

Figure 2.42 shows how we can make use of polar stars, at least those which can be seen to rise and fall in temperate latitudes. The star compass you started now looks slightly more useful.


[image: ]


Figure 2.42: A 32-point limited star compass.

Before we add even more stars we need to consider some practicalities. Here are a few of the problems with star charts:

•   They are only useful at night.

•   They are only useful when you can actually see the stars.

•   The relevant navigation stars rise and set at different times of the night.

•   Some headings will have to be deduced from the available horizon events.

•   Away from the Equator, the stars rise and set at an angle that makes them difficult to track backwards or forwards to the horizon.

But it’s not all bad news.


Obviously, not all stars rise and set just when we need them, so you have to make best use of whatever the heavens are giving you. If Ursa Minor is not rising and setting (because you are too far north), it at least provides you with a useful warning: as it swings through about five o’clock you should see Dubhe and Merak (the pointer stars of Ursa Major) begin to appear above the horizon. On the compass I have used Merak because you will be more confident if you see Dubhe first and then the two of them together. The declination of Merak, its angle above the celestial equator, is about 56°; so it rises at about 034° on the compass (see Figure 2.43).

After a while, Merak will have risen too far to be useful. What are we going to do then? Helpfully, at the opposite corner of the ‘dipper’ is Megrez, which rises at 033° – close enough. Then, still in Ursa Major, comes Alioth in the handle at 036°. We have just identified what I call a ‘star train’, and these three would be good for over two hours of steering. All right, they vary by a degree here and there, but most helms are happy to work to the nearest five degrees (see Figure 2.23).


There is another star path in the north worth mentioning. The lead star of Cassiopeia is called Caph; it’s the one on the right when you look at the W in an upright position. Caph sets at 329°, but it is soon followed by 27 Cas (the middle star) and 37 Cas (the second left star), which both set at 330°. When the Cassiopeia star train rises again it gives you a horizon bearing of about 030° (see Figure 2.24).
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Figure 2.43: A universal star compass for moderate latitudes.

____________________


a Knowing that the sun is about to set is not a major challenge. But are you going to be awake and alert on deck for when it rises? You can plan ahead for a voyage of a few days by using NOAA’s Solar Calculator: www.esrl.noaa.gov/gmd/grad/solcalc/. This allows you to enter a latitude and longitude and a date and it will tell you the apparent sunrise, solar noon and apparent sunset for that location and date. If away from web access, you’ll have to rely on an almanac or local sailing directions.


b Remember that the direction of a wind is described in terms of the direction from which it originates; for example, a ‘northerly wind’ comes from the north.


c Refer to the Google and Apple app stores. Some tide prediction apps are free; others may incur a one-off charge of a few pounds.


d New since the first edition is the Android app Google Sky Map. Developed with Carnegie Mellon University, it is essentially a portable planetarium. Hold it up to the sky – it works in daylight as well as at night – and it shows you the outlines of the constellations and the names of the key stars. A great way to learn your way around and to verify what you are looking at through patchy cloud. (It is not a navigation instrument!)


e Attribution unknown.


f Or the Eighth Commandment, depending on which holy book you subscribe to.


g These numbers are from Cartes du Ciel (Skychart) by Patrick Chevalley (www.ap-i.net/skychart), but the arithmetic and any errors are all mine. Patrick’s excellent program is a great way to watch star trains in action from the comfort of your own sofa. Set it so you are on your own latitude and play the universe as a movie. Sit back with your coffee and watch as the horizon events are ticked off. You can vary the speed of the ‘play-back’ and you can pause it at any time. If you click on a star it will tell you its name. Right click and click on ‘About…’ at the top of the pop-up menu and you’ll see all the numerical data about that star, including the exact bearings on which it rises and falls. Highly recommended.


h ‘Shaula’ is from the Arabic al-šawlā, for the raised tail.


i The smaller the magnitude number, the brighter the star. For more, visit Space.com (www.space.com/21640-star-luminosity-and-magnitude.html) to learn how the system works and how it was originated by the Greek astronomer Hipparchus about 2,000 years ago.


j According to Wikipedia (https://en.wikipedia.org/wiki/Betelgeuse), the name ‘Betelgeuse’ originates from the Arabic Yad al-Jauzā, ‘the hand of Orion’. Hand? Shoulder? I did alert you to my concerns about the encroachment of mythology into science…


k In case you wondered, Boötes is pronounced something like ‘Boo-ertus’. It means ‘the herdsman’ or ‘ox-driver’.



Where Am I, Roughly?




[image: ]


Latitude: A Belated Definition

So far I have avoided a formal definition of ‘latitude’ because the word and the concept are in common use among people likely to be reading this book. However, a more strict comprehension will help in understanding some of the barefoot navigation techniques that follow. So, lines of latitude are:


‘notional parallel lines of equal angle north and south of the EQUATOR; latitude 0° is the Equator itself, 90° N is the North Pole, 90° S is the South Pole. In modern navigation, latitude is expressed in degrees, minutes and tenths of a minute (not seconds). When combined with a line of longitude, any position on the surface of the earth can be described.’124


It is clear from this that determining a latitude is halfway towards obtaining a ‘fix’. You might ask what good is half a job? Surely that’s like the sound of one hand clapping? But a latitude can prove to be very useful when combined with some other piece of navigational information. Some latitudes are inextricably associated with certain locations, and we will deal with that idea first.

Zenith Stars

In the Equatorial region stars rise in the east and make a beeline more or less overhead for the western horizon. Each one follows its own line of latitude above the surface of the Earth (see Table 2.3). The minus sign used in the declination (Dec.) column indicates that it is south of the Equator.


Table 2.3 The declination of major navigation stars.
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There are so many stars that there’s a good chance most places of interest to the navigator will have their own ‘marker’ stars that pass through their zenith each night. Let’s take the example of Hawaii. Most of this island chain is between 18° and 23° N. Now it just so happens that the red giant star of Arcturus in the constellation of Boötes tracks across the globe at 19°N and runs directly overhead of the wind farm at the southern end of Big Island. Therefore, if the navigator is confident that Arcturus is at her zenith, then she can be confident that she is also on latitude 19° N.


The sooner you can make that determination the better, but clearly it is not going to be easy on a boat. I have seen it suggested that there should always be a crew member lying on the foredeck with their head against the mainmast looking upwards. (On some boats, of course, there is always a member of the crew in this ‘moody place’…) If you are heading east and the vessel is not rolling too much, then watching how the star progresses towards the masthead will do the trick. Once it is agreed that you are on the right latitude, the navigator then needs to determine whether the new heading needs to be to the east or to the west. If that is not an obvious decision, then you really are lost.
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Figure 2.44: Zenith stars for the East Pacific and the Atlantic.

Figure 2.44 shows the track of some other zenith stars in the East Pacific and the Atlantic. Aldebaran in the constellation of Taurus crosses the surface of the Earth at 21° N, first coming very close to taking you into the port of Curral Velho on the island of Boa Vista in Cape Verde. It then goes on to cross the Atlantic and mark the position of wonderful Guadeloupe in the Caribbean Sea. Further south, Mintaka (in Orion’s belt) travels along the Equator, going overhead at the mouth of the Amazon before crossing the continent of South America and heading for the Galapagos; here it usefully marks the zenith of Isabela Island. Staying in the Pacific Ocean, we can use the star of Rigel (also in Orion) to help us find the Marquesas. Care is needed because Rigel passes overhead at tiny Eia, which is actually 70 nm north of the main island group.

Let me remind you that the Polynesians were not thinking in numerical terms about the use of zenith stars and latitudes. For them, there was a star called Hokule‘a (Arcturus) and it was inextricably associated with Hawaii. If your boat was under Hokule‘a, then you were on the same latitude as Hawaii and that was it.

Using Polaris to Estimate Latitude

Two celestial objects can be employed fairly readily to estimate the observer’s latitude: the sun and the star Polaris. The Pole Star is by far the easiest option because it commands a fixed position above the North Pole. As the sun is constantly moving, a table of its declination for each day of the year is required, and this relegates it to Part 3 of the book. Neither works well in Equatorial climes and Polaris doesn’t work at all in the southern hemisphere because you just can’t see it. Seafarers in the tropics, however, have zenith stars, so that might even things out.

Let’s remind ourselves what ‘latitude’ is. Lines of latitude are a series of notional circles that circumnavigate the Earth and which we use as a guide to navigation. The ‘mother of all latitudes’ is the Equator, which, in relation to the axis of the Earth, represents the place where a line at right angles to that polar axis touches the surface of the Earth (see Figure 2.45). This – the Equator – is considered to be at 0°. Other lines of latitude are described as being a certain number of degrees to the north or south of the Equator. The 90° lines of latitude north or south have a diameter of zero and are at the North or South Pole.
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Figure 2.45: Latitude from Polaris.

So how can Polaris help us to determine our latitude? The first thing we need to consider is that Polaris is a very, very long way from Earth. This has the disadvantage of making it impossible for me to include it on my schematic – it’s way off the page. The important advantage, however, is that the star is so far away that we can assume the rays of light radiating from it are actually parallel by the time we get to see them. This means that wherever we are on Earth, Polaris is always in the same direction – the same direction as the polar axis if you like. What changes according to our latitude on the planet is the angle of the horizon line where our boat is bobbing about. That is an important consideration; we are moving about, not the Pole Star.


In other words, the angle between the plane of the horizon (seeing it as the line where the sea meets the night sky) and Polaris changes according to where the observer is. And that angle is equal to our latitude. Keep in mind that we are dealing with technology-free situations here, so what you are going to get is an estimate based on the use of your hands. Much of the history of navigation technology has been about the design and development of devices that will make that measurement more and more accurate. In Part 3 we will look at some devices that you can improvise to do this job but, for the time being, if you can achieve a guess of anywhere near 1° you should be happy.

Crux can just be seen in the south from the lower latitudes of the northern hemisphere, so why not use the celestial South Pole in the same way? As with Polaris, the altitude of the celestial South Pole above the horizon is the same as the observer’s latitude. However, there is no star marking the celestial South Pole for us, so we would be trying to measure the elevation of a black point in the Coal Sack, and that can’t be good. It can be done, but it is something of a challenge.

From the latitude of Hawaii, the altitude of Acrux is conveniently the same as the distance between Acrux and Gacrux (6°, or three finger-widths). However, from Nuku Hiva, which is 9°S, the altitude is nine times the angle between Acrux and Gacrux; that’s much more difficult to estimate just by squinting at it.

Give Me a Little Latitude: A Navigation Strategy

‘What use is latitude without longitude?’ asks the navigator whose pedal extremities are snug inside colourful hi-tech sea boots.

Well, we are not looking for a GPS-type fix. We are looking for something on which we can base a course-planning strategy. Polaris, Crux or one of the zenith stars can be used to give us an approximate latitude. Also, we can point to the very useful fact that latitudes go east in one direction and west in the other; and we know how to find east and west. You might not be precisely aware of where you are on that line of latitude, but you might know where the line will lead you. Let’s start with a simple example. You are about to sail home from the out island where you have spent a dutiful few days visiting the in-laws. ‘Home’ is about five days’ sailing to the north-east, and you could try it direct but local old salts have reminded you – as if you needed reminding – that it is very easy to miss. There is no good star on the compass. The low-lying island is not part of a group and has no tall microwave antenna; should you go right past it, trying to find it again could take many days.
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Figure 2.46: A simple latitude strategy.

So, the strategy passed down through generations is this: ‘Go north across the wind for two or three days until you are beneath the path of Rigel in the constellation of Orion (see Figure 2.46). Then turn to the east, using the rising and setting sun by day and the Southern Cross by night to stay on the path of Rigel. After two days, look for the birds and the clouds to give you landfall.’ Doing it this way gives you two easily navigated legs: north, then east. And even if your ‘north’ is not as good as it ought to be, you are still bound to hit the latitude.


However, without any instruments to measure the altitude of the celestial South Pole and with no means of cross-checking that you are on the line during the main part of the day, there is always a danger that you will drift off-target. The further the destination, the more serious are the effects of being off by a degree or two. So don’t spend two weeks hoping to fetch up at a 200-metre-diameter atoll using this strategy. The best solution is to island-hop, constructing a voyage from a series of shorter legs, even if it means radically increasing the overall distance travelled. This also has the benefit of enabling you to vary the tactic used for each leg.
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Figure 2.47: 
A latitude strategy over multiple legs.


In the example shown in Figure 2.47, the distance from Island A to Island B is considered to be too great for a reliable landfall. The indicated route is preferred because it is clearly going to be much easier to make first landfall at Island Group C. After steering due north (with as much westing as you like) to the correct latitude, a turn is made to the left. Overall, a little less time will be spent sailing uncomfortably with the swell square on the port beam. Once through Island Group C the new course towards Island B can slightly favour south. This avoids the unappealing situation of being confidently on the right line of latitude, but being uncertain whether to turn west or east. In these circumstances, it could be a long time before the mistake is discovered. It also provides the option of stopping off at one of the islands in Group C if sea conditions look unfavourable for the final leg.

Running down latitudes – also known as ‘parallel sailing’ – can be used on a grander scale than pottering around archipelagos. Yorkshire-born merchant mariner Captain John Noble wrote this about long-haul voyaging strategies of the 15th and 16th centuries:


‘Portuguese navigators established the route south and east to Asia by parallel sailing – south (or north) to the known latitude of their destination, and east along that latitude to a landfall. Magellan sailed in Spanish ships south and west to South America and, after finding the strait that bears his name, followed the coast north to the 35th parallel of south latitude and then steered WNW to 12 degrees north – the known latitude of the Philippines – and along that parallel to a landfall.’125


It sounds simple enough when put like that, but when dead reckoning across the wide-open spaces of the Pacific, ‘fixes’ would be few and far between.



Landfall
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‘A Landfall may be good or bad. You encompass the earth with one particular spot of it in your eye. In all the devious tracings the course of a sailing-ship leaves upon the white paper of a chart she is always aiming for that one little spot – maybe a small island in the ocean, a single headland upon the long coast of a continent, a lighthouse on a bluff, or simply the peaked form of a mountain like an ant-heap afloat upon the waters. But if you have sighted it on the expected bearing, then that Landfall is good.’ (Joseph Conrad, The Mirror of the Sea, 1906)
a




Avoid making landfall after dark – especially if you are unfamiliar with your destination. Plan the passage to arrive in the morning, and if you are early, heave-to until dawn.


It’s a tactic proven in time: put a skinny crew member with sharp eyes up the mast. Landfall anticipates your arrival in a new haven. (At least, you hope it’s a haven.) The mood on board is mixed. Expectation. Apprehension. Excitement.

A nervous call up the mast: ‘Hey, you awake?’

Soon, an agitated shout comes back: ‘Land! Land!’

It is a hard call deciding what might be the most drama-filled part of sailing; is it leaving port for somewhere new, or finally arriving safely and on schedule at that destination? Of course some seafarers will insist that it is the part of the adventure that comes in between, sailing the ocean out of sight of land. Patrick O’Brian’s sublime novels about the 18th- and early-19th-century adventures of Captain Jack Aubrey and ship’s doctor and botanist Stephen Maturin are mostly set in ports of call. When his characters are not engaged in battle, O’Brian has a literary technique that enables him to fast-forward through the long, boring days at sea in the same way that a film director might use a montage. The music and the pace of the action pick up at the sight of land.
b



In the army, old hands advise young platoon commanders never to proclaim that their destination is ‘just over the next hill’. The consequences of being wrong are just too demoralising after a long, tiring trek. The same advice applies to navigators, but I have to confess that I can never resist the temptation to declare that ‘the West End light will appear over the horizon in 15 minutes’.

Landfall is a particularly important aspect of barefoot navigation. The relative inaccuracy of the methods employed has a tendency to make the destination shrink alarmingly. In technical terms, you are dealing with a large ‘zone of uncertainty’, a circle at the limits of which your target is going to be below the horizon, especially in a small boat. Luck is just as unreliable, so we are going to need all the help we can get, and this final section of Part 2 on no-tech navigation considers the elements of our marine environment that might point us in the right direction. We will, as always, concentrate on the practical. That rules out the following kind of anecdote. A sailor and his friend were at sea, 70 miles off the Baltic coast of Sweden heading for the island of Gotland. Suddenly the friend yelled:

‘“Hamburger! I can smell Hamburger!”

“Can’t be,” said the skipper.

“I can smell Hamburger,” insisted the friend.

Soon afterwards they saw smoke, and when the boat emitting it drew near they did smell an aroma of onions which grew progressively stronger and stronger.’126


Per Arne Collinder, the author of that tale, relates further anecdotes, including one about a deck officer on a Royal Navy warship smelling sheep off the coast of Scotland during World War I, and a personal experience of sniffing ‘the unmistakable smell of newly unfolded birch leaves’ off the northern promontory of Öland. As I’m not going to even try to teach you the unmistakable smell of newly unfolded birch leaves, we will start with clouds.

The Clouds

‘The mighty ocean is the begetter of clouds and winds and rivers.’ (Anaximenes of Miletus, 585–525 BC).127



 

Cumulus clouds are formed by columns of warm air rising into cooler air. The sun causes land to heat up more quickly than water and thus starts the process of cloud formation. (It also causes sea breezes, but we will deal with that a little later.)

Such isolated clouds provide us with early pointers to land masses such as islands; the bigger the cloud, the bigger the land mass. Figure 2.48 shows a rare,
c
 perfect example; there is an island below the horizon. The cloud is typically cumulus with a flat base and a fluffy, rounded white top. It is not moving and there it is, not showing a shadow on the surface of the sea (which would tell us we had misjudged its distance from the boat). If the direction of the cloud fits with the direction in which we expect the island to be, then we change course for it.
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Figure 2.48: Cloud formation over a land mass.


Such marker clouds are not always so clear-cut and isolated. Expect there to be more cumulus clouds, but, in those cases, the marker cloud may be lower in altitude, maybe as low as 600 metres (2,000 feet). Sometimes the cumulus is little more than a disturbance in a more complex structure of cumulus and stratus clouds. These might be part of a weather front, but they could be over a much larger land mass, a big island or even a continent that you can’t see yet. Have you recently seen other vessels making a course to or from that direction? If you can see a faint blue-green tint to the underside of the cloud it might be a reflection from a shallow lagoon – or, if you are far north of the Equator, a reflection from the ice.


‘And when you don’t see land you often see a yellowish-white gleam in the sky near the horizon. That is the so-called “ice-blink”, the light which icefields throw into the sky. Even at a distance of 60 miles [from high up a mast] you can see their faint reflection in the sky and where the sky grows dark again, there beneath is open water for which to head. It is sometimes even possible to see an open passage of dark water between icefields delineated in the sky.’128


In the absence of an ‘ice-blink’, maybe the birds can help?

The Birds

Bear Island sits in the middle of the Barents Sea, about 200 nm from the northernmost fjords of Norway, halfway to the icy archipelago of Svalbard. That’s a cold, lonely place to be; I had to reach for a sweater after writing that sentence. But it’s not such a lonely place if you’re an auk. Auks are small black and white birds, members of the puffin family.


‘The sealers who go north in the spring like to land and collect eggs where the southern point of Bear Island, shaped like an iron, plunges 100 feet [30 metres] into the sea. The air there is filled with the screams of auks, which sit in rows rather like books in a bookcase. Those millions of birds fetch their food from the sea and often fly out for great distances. If a sailor out of sight of land sees an auk flying he has only to look and see whether its beak is full or empty, to know in which direction it is flying. If the beak is full, it will be pointing at the nearest auk-rock; if empty, the tail will be.’129


If you want to sail up there and see the rock ptarmigans, the humpback whales and the polar bears, the southern tip of Bear Island (Bjørnøya in Norwegian) is at 74° 20’ N, 19° 5’ E. As you approach, remember to look out for the auks. Go in the summer to avoid the ice; or drop by the Bear Island off South Carolina instead.

I suspect this business of watching the behaviour of seabirds has been around since the human species first started sailing or paddling out of sight of land. The idea is fundamentally the same everywhere: a bird with a beak full of fish quits foraging and heads for home; most will set off back to the nest as dusk approaches because they hate overnighting on water. Either way, you need to be able to recognise the local feathered fauna, their feeding ranges and the location of their colonies. According to his journals, Captain James Cook quickly acquired this knowledge in the Pacific.


‘Before I left the Society isles I enquired of the inhabitants if there were any islands in a North or NW direction of them, but I did not find that they knew of any. Nor did we meet with any thing to indicate the vicinity of land till we came to about the latitude of 8°S where we began to see birds, such as the boobies, Tropick and Men of War birds, Tern and some other sorts… [We] saw there many of the above mentioned birds which are seldom known to go very far from land.’130 (Captain James Cook’s Journal, December 1777)

It is interesting how sailors can develop relationships with visiting birds. I remember reading in The Lonely Sea and the Sky how Gipsy Moth III gained a passenger during the 1960 Single-Handed Trans-Atlantic Race, thus potentially breaking the rules. Skipper Francis Chichester awoke one morning to discover a bedraggled racing pigeon sitting in the rigging. Helping the miserable creature survive became an important factor in sustaining his own morale; the redoubtable seafarer had been seasick.131 The pigeon expired before it was confronted with the challenge of having to explain to a surly immigration agent why it had dared to set claw on American soil without a visa. Chichester went on to win the race in forty days.

The relevance of this tale lies in the fact that the bird in question was a homing pigeon. It seems as though it had been in one of those international races where the pigeons are driven from Britain to France in a special truck and then released to wing it back to Barnsley or wherever; it must have been blown seriously off course in a storm. While writing this book I learned two interesting things about these birds. Researchers had discovered they have magnetic elements of some kind in the area above their beaks. This goes some way towards explaining how they might be able to hold a course. Sadly, though, the discovery contributes nothing towards explaining how they know which course to hold.

The other thing I discovered (2,000 years after Pliny the Elder) was that some seafarers in the northern parts of the Indian Ocean used specially trained homing pigeons as aids to land-finding.132 The Pacific Tropicbird (mentioned in his log by James Cook) has similar navigation skills, but it seems a lot of trouble to train one of these winged wonders for each possible destination; the idea also implies that you are making routine return voyages to established destinations – trade routes in other words. You might be ‘geographically challenged’ but if you have on board a bird that is going to show you the way, then you expect to become lost. It occurs to me, though, that there might have been something of a support industry for regular maritime traders. I imagine a pigeon breeder with a cart laden with neat wooden bird cages trundling his way along the dock. Only five rupees a bird – a puny price to pay for safe landfall. And the product is recyclable; the pigeons that don’t make it back you don’t need anyway.

Of course, bird-assisted navigation also gets a mention in the Bible. As those of you who paid attention in scripture classes will remember: ‘At the end of forty days Noah opened the window of the ark that he had made and sent forth a raven. It went to and fro until the waters were dried up from the earth.’133 Later, it is suggested that Noah didn’t entirely trust the raven: ‘Then he sent forth a dove from him, to see if the waters had subsided from the face of the ground. But the dove found no place to set her foot, and she returned to him to the ark, for the waters were still on the face of the whole earth. So he put out his hand and took her and brought her into the ark with him.’134 A week later Noah dispatches the one-legged dove again: ‘And the dove came back to him in the evening, and behold, in her mouth was a freshly plucked olive leaf. So Noah knew that the waters had subsided from the earth.’135
d



The dove, of course, is a close relative of the pigeon. But it seems that the Vikings may have been more successful with their deployment of ravens:


‘One of the first to go to Iceland from Norway was a man called Floki Vilgjerdarsson. He was also known as Ravna-Floki (Raven-Floki), because he took some ravens with him in his ship. He gave them but little food and when he had been sailing a long time and thought he must be approaching land, he loosed one of the ravens. The bird rose higher and higher. Sometimes it would come down again to the ship when its wings would take it no higher. But if the raven began to rise and then set off across the sea as straight as an arrow and disappeared, then Floki knew that he had only to follow the raven’s course and he would soon have land in sight.’136



Poor old ravens; half-starved, can’t swim, unable to fish and pretty desperate to get off the boat and back onto dry land.

As James Cook discovered, it is also in the tradition of Melanesian and Polynesian seafaring that certain birds can provide a reasonably reliable indication of position in relation to land and the direction to steer in order to reach that land. I’m sure, however, that this kind of reference to birds is used everywhere to some degree. It is very much about local – or acquired – knowledge, and you don’t have to be in the South Pacific for that. For example, tiny Grasholm Island, close off the west coast of Wales, is home to 30,000 pairs of gannets, probably the biggest colony in the world. These are large white birds with dark outer wings, and they provide great entertainment as they plunge down into the sea around the boat from a height of up to 30 metres (100 feet). I’ve seen these handsome birds forage for food some 15 miles offshore, and they might venture even further. So any regular sailor or fisherman in the Bristol Channel or the southern Irish Sea will take the presence of gannets as an indicator of the presence of Pembrokeshire almost without thinking about it. (Wales is hilly enough for it to be spotted some distance off, but that’s not true in misty conditions; a lack of visibility doesn’t seem to put the gannets off though.)

Not all coastlines and island groups have such useful colonies of birds. I once gunkholed my way around the Bahamas for five months and don’t particularly recall seeing a single bird. There must have been some, and maybe my powers of observation had started waning already but, compared with nearby Florida, no measures were necessary to stop birds perching on the crosstrees and using your 42-foot (13-metre) pride and joy as a toilet.

The principle of navigation-by-birds is relatively straightforward. Seabirds fly out from their nesting sites in search of food. When they have stuffed enough fish down their gullets or at dusk, whichever comes first, they fly home again. (Seabirds rarely stay out at night; the sooty tern is one that does.) Not all marine birds behave like this; some only nest on land to breed and spend the rest of their time at sea. The albatross is probably the best-known example of this ‘pelagic’ group, and for landfall purposes they can be safely ignored.

I used to believe that birds that do forage from island and coastal nest sites have ranges limited by their power–weight ratio – that the benefit of flying further to find more food is cancelled out by the additional energy consumed. But for our purposes an empirical approach is good enough.

In the bird table below (Table 2.4), the masked booby is shown as having a range of 50 nm. That’s a maximum range. In 2014 the Nature Conservancy went to Pedro Banks, south of Jamaica, and attached GPS trackers to a number of masked boobies. Its findings seem to support my view that, in practice, the range of foraging seabirds was much less than the maximum recorded. One of the tracked boobies never went more than 15 nm from its nest site, and always to the north or west.


The Pacific is the area in which most research has been done and this substantially confirms my view that local knowledge is essential – to a degree. The best secondary source for bird-range information is David Lewis.137 He discovered that the consensus of experience throughout the region suggested that relatively few birds provided a reliable indication of the proximity and direction of land.

Among them are the brown noddy, the white tern, three variations of booby and the frigatebird, the street robber of the seas (see Table 2.4). We’ll look at this group in more detail and see if it is possible to make some generalisations.


Table 2.4 The bird table.


Brown noddy

Long wedge-shaped tail. There is also a black noddy, but these feed close inshore from the surface. 

Colour: Dark brown with white head 

Size: Medium 

Feeding: Plunge dives for small fish 

Range: 20 nm

___________________________________________________


White tern

Black eye-rings make eyes look larger than they really are.

Carries fish sideways in bill.

Colour: White all over with black beak

Size: Small body, long wingspan

Feeding: Dives to surface for small fish

Range 30 nm

___________________________________________________


Brown booby

Face and bill are yellow in females and light green in males.

Feeds singly.

Colour: Mid-brown, white belly and u/wing


Size: Large (twice size of the white tern)


Feeding Plunge dives (likes flying fish)

Range 30 nm

___________________________________________________


Red-footed booby

Blue bill and red/brown feet.

Young and immature birds have darker, mottled plumage. Feeds singly.

Colour: White with dark trailing wing feathers

Size: Small (about the same as white tern)

Feeding: Plunge dives (stays under a long time)

Range 50 nm


___________________________________________________


Masked booby

Sometimes call the blue-faced booby.

Dives from as high as 30 metres.

Colour: White with black flight & tail feathers

Size: Large (150cm wingspan)

Feeding: Plunge dives for small fish and squid

Range 50 nm

___________________________________________________


Frigatebird

Forked tail and blue/grey hooked bill.

Females have white breasts.

Scares other birds into dropping their catch.


Colour: Dark, almost black

Size: Very large (230cm wingspan)

Feeding: Scavenges from surface without landing

Range 70+ nm

___________________________________________________



Lewis learned from indigenous seafarers that the most useful bird of all is the brown noddy. This small, dark brown bird rarely ventures more than 20 nm from land. There is also a black noddy, but that is no help to you because it fishes from the surface just off the reef and you will already have your landfall that close in. However, the adventurous brown one with the white head and long, wedge-shaped tail flies out from its nesting site in the morning in search of food and heads back to base as the sun dips towards the horizon. While it is at the office the noddy will circle around at about 10–20 metres (33–66 feet) above the surface looking for prey. All these birds make their job easier by seeking out activity by predator fish such as the tuna, which tend to herd shoals of smaller fish to the surface, forming a ‘bait cloud’. On seeing this, the noddy will plunge head-first into the water and grab a victim before resurfacing.

You will not confuse the brown noddy with the pretty white tern. This is a much smaller bird that is white overall with a black beak and black rings around its eyes. It has blue feet, but you probably won’t be able to see those when it’s in flight. The white tern dives too, but only to the surface, where it sits ducking under to pick off passing small fry. It will take off again when it realises it is in the wrong place or that it has scared off the cuisine. Crucially, if you see a white tern feeding, you know you are probably well within 30 nm of land.

Now for the brown booby – this is not to be confused with the brown noddy or the red-footed booby. The brown booby is a large bird, typically twice as big as the white tern. It is dark brown with a white belly and white ‘armpits’. To me, it looks like it’s wearing a tuxedo. Like the brown noddy, the brown booby plunge-dives beneath the surface. It’s not a very sociable bird and is usually seen operating on its own up to 30 nm out from its base. (It has been spotted further out, but that’s unusual.)

Don’t stand with binoculars looking at the undercarriage of passing birds; it’s hard to see it on the red-footed booby when it is in flight and, in any case, it is easier to identify it from its distinctive white colouring with very dark trailing wing feathers. It’s a small bird, about the same size as the white tern, but you won’t confuse them when you see them feeding. The red-footed booby plunge-dives under the surface and stays under for a remarkably long time as it chases its prey in their own habitat. It forages further out than the white tern – up to about 50 nm.

The masked booby is sometimes called the blue-faced booby (although the mask looks black to me, like the mask of Zorro). This is the biggest of the boobies with a wingspan of up to 150 cm (nearly five feet). It is white with black flight feathers on the trailing edge of its wings and a narrow, pointed black tail. Juveniles are greyish brown with white patches on their bellies. The masked booby plunge-dives for small fish and squid and often does this from 30 metres (about 100 feet) above the surface. Like the red-footed booby it forages up to 50 nm from land, more usually less than 15 nm.

The frigatebird is perhaps the easiest to identify. Having a wingspan of up to 2.3 metres (7.5 feet), it is a large bird with a black head and black leading edges to its wings; its tail is long and forked. Its behaviour, however, will quickly dispel any doubts about which species you are looking at. The plumage of the frigatebird gets waterlogged, so it cannot land on the sea. How then does it catch fish? Sometimes it will fly low over the water and scoop dead fish or fragments of fish from the surface without touching down, and it is unbeatable at catching flying fish trying to escape marauding tuna or bonito. But mostly it steals fish from other birds. Scientists call this behaviour kleptoparasitism.

I have passed many a pleasant hour watching these predators at work. They hover above a flock of feeding birds waiting for one of them to dive. As its target rises from the surface, the frigatebird makes its move. Before the victim gets a chance to swallow its catch, the frigatebird dives at it aggressively, making it drop the fish in fright. It might even grab a wing and give it a good shaking. The frigatebird then swoops down to snatch up the fish before it hits the sea again. Frigatebirds often improve their effectiveness by working in pairs; one takes on the job of terrorising the fish out of the booby while the other acts as ‘catcher’. (Scientists call this mutualism.) It doesn’t always succeed of course, but the strategy works often enough for it to provide plenty of schadenfreude for the passing sailor.

At the end of the working day the frigatebird flies up high to take a look around before heading back to home port. The frigatebird has a range of over 70 nm but is most likely to be seen much closer in, hovering over a group of conventionally foraging birds; I have even seen them operating in harbours.

What David Lewis doesn’t mention is the foraging behaviour of birds when pairs are nesting. In these situations one bird has to forage for its mate sitting on the eggs, and it is hard to believe that it will stay out fishing for all daylight hours while its partner goes hungry. Similarly, when the young have hatched, they will be sitting on the nest, squawking, beaks open, demanding to be fed. This suggests that at certain times of the year some seabirds will provide many more indications of direction than at others. Clearly, this is a bonus for the barefoot navigator.

At the beginning of this section about birds as a navigational aid, I made the rather obvious point that not all species exist in all locales. As with so much barefoot navigation, local knowledge is a precious asset not usually available to the long-haul voyager. But is it possible to make some generalisations about bird foraging behaviour that can be used by the navigator – especially in crisis situations? Little has been published about this in the academic press, and by asking questions, I may have planted the idea for a PhD thesis or two. These thoughts are my own, so they come with the usual health warning.

•   The smaller the bird, the shorter the foraging range? This is based on the simplistic notion that lighter birds have less capacity for energy. How big are the batteries in your boat? As big as you can afford, aren’t they? But this concept doesn’t take account of the fact that smaller birds consume less energy. Nor does it allow for the frequency of en route replenishment that might be possible. Further research might prove the generalisation to be correct, but I fret about the Sterna paradisaea, the Arctic tern. This little bird resembles the white tern, averages 33 cm in length and weighs in at about 300g. Small bird, short foraging range, right? Well, no. The Arctic tern, as its name suggests, breeds in colonies in the frozen north during the summer. Then it heads off south to winter in the Antarctic; that’s a round trip of over 20,000 nm each year. So much for that idea?

•   The more birds feeding at any one time, the closer land is? From personal (but not very scientific) observation I believe this to be true, especially if the flock you are looking at represents a fair mixture of species. It also makes sense, doesn’t it? Birds in mid-ocean are a relatively rare occurrence; most do not venture beyond the continental shelf, and most would not venture beyond the harbour wall if they could get away with it.

•   The more frequent the departures from the feeding ground, the more likely it is that the birds are nesting? The significance of this is that in the breeding season, nesting birds are not likely to venture too far. This could be good news, suggesting that landfall is not too far off.

•   Departures in apparently random directions could mean that the birds are looking for other signs of fish – but could also indicate the presence of more than one island? This sounds potentially confusing if you have to make a decision on course-to-steer, but that would not be the case if you are expecting to make landfall at a group of islands.


Both sea and land birds migrate in fairly predictable patterns; furthermore, both seem to migrate in north–south or south–north directions along the coasts of the main continents. More specifically, they seem to migrate along continental shelves – presumably because that’s where the best feeding grounds are. (Perhaps it is also because, at altitude, they will remain in sight of land for most of their journey. If true, that suggests, in navigation terms, that they are ‘coast-huggers’. This fact might not provide a precise indication of direction for the barefoot navigator, but it might provide a boost to morale.)

Like all barefoot navigation, the use of seabirds as an indication of the proximity and direction of land is not in any way proposed as a fundamentally accurate technique. In general terms, however, it should be noted that the regular observation of feeding marine birds is good news. The broad reaches of the oceans are not good places for fishing – there are not enough fish. However, on the continental shelves, the shallower waters, the reefs, that’s where fish are found in quantity. And where there are fish, that’s where you will see birds trying to catch them. So this whole bird strategy is only going to be effective reasonably close to land – which is where you want to be.
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Figure 2.49: Complex pattern of swells.


Reflected and Refracted Swells

If the furrows of the swell you are riding are as straight and even as a ploughed field, enjoy it while you can; it is not going to stay like that. You may get hours, even days, of guidance from a really good swell, but eventually it will weaken and get confused. There are a number of reasons for this, some of which can be helpful in detecting the hidden presence of land.

Figure 2.49 shows a situation where the prevailing swell on which you are relying for your course becomes confused by another, weaker swell coming from the left. There can be a number of reasons for this. Like the dominating swell, the weaker one may have been caused by a distant storm that blew out some days ago; you just happen to be where the resulting swells are intersecting. This information is not much use to you.

What you might actually see coming in from the left, from the right, or indeed from straight ahead, is an echo of the swell that you are already sitting on. Like all forms of wave energy, swell can ‘echo’, bounce off things or be distorted by them in some way. Figure 2.50 shows how a prevailing swell is hitting an island and bouncing back (in a weakened form) in the direction from which it came. For clarity, I have shown the island in the schematic, but in real life, if the prevailing swell is strong enough, the reflection will certainly be detectable before you can see the island or headland. Keep in mind, however, that a gently sloping beach is likely to absorb a lot of the energy of the incoming swell and not much will echo back. An island or rounded headland will reflect a swell that is also curved. If your course is taking you some way past the land mass, then the reflected swell will come towards your boat at an angle. This will provide an added clue as to the heading of the island.
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Figure 2.50: Reflected and refracted swells.
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Figure 2.51: The maelstrom at Baliceaux and Battiwa. © Google Earth.

As a swell passes along a shoreline at right angles to it, the part of the swell closest to the land will be slowed down and cause the direction of the swell to change and ‘wrap around’ the back of the obstruction. (You might have seen a line of marching soldiers trying to turn, line abreast, and keep in a straight line. In order for a similar outcome not to occur, the soldiers nearest the fulcrum have to mark time while their comrades at the outer end of the ‘spoke’ have to march faster than usual.) This change of direction, of course, will happen to the swells passing both sides of the island; the two ‘refracted’ swells will then meet, causing somewhat confused seas.

It’s not possible to overstate the maelstrom that is possible when swells meet up around small islands. Look at Figure 2.51. This is a Google Earth image of confused seas around the Grenadine islands of Baliceaux and Battiwa. When discussing Atlantic swells off the Windward Islands, Philip Barnard of Barefoot Yachts told me this:



‘Three swell patterns are common in the tropical North Atlantic, especially down around 20°N to about 8°N [the trades area]. The north-east swell usually has a longish period of 12 to 16 seconds
e
 and is created from storms usually north of 30°N; but it can have some west in it. Then there is the trade wind swell, which is usually more east and has a 7 to 8 seconds period created by almost local trade winds. The south-east swell, the weakest, comes from the South Atlantic, bounces off Africa, reinforced by the south-east trades, and is usually less than 0.5 of a metre but can have longer periods of up to 15 seconds, which gives it that ability to wrap around the islands. That effect is often felt while running north and leaving the islands to the east as you pass their south coasts.’138
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Figure 2.52: The creation of sea breezes as the sun rises.


A barefoot navigator sailing near an unseen island may get two warnings that it exists below the horizon. First of all, she will see evidence of a reflected swell. Second, as she passes the island, the secondary swell coming towards her from off her bow will be replaced by another coming onto her quarter. If this happens she should begin to worry a little: is she about to miss her destination port? What are the birds doing? Perhaps there is a marker cloud on the horizon?

The Wind: Land and Sea Breezes

In contrast with the global scale of the trade winds, there is a particular type of local wind that is helpful to the navigator expecting to pass close to a land mass or hoping to make landfall.

The ‘sea breeze’ is that cool onshore wind that you might have experienced when standing on a beach or cliff in the morning. Like all winds it is a consequence of the conversion of the sun’s energy. As the sun rises it heats land more quickly than it heats the sea. This causes heated air to rise and leaves an area of low pressure beneath the rising parcel (see Figure 2.52). The colder air above the surface of the sea moves towards the land in an attempt to ‘fill in’ the lower-pressure area. That is a sea breeze, and they are usually known to extend anywhere between three and 20 nm offshore, depending on the size of the influencing land mass.

How can you determine that you are experiencing a sea breeze and not just a shift in wind direction? Well, you might be able to see the land, and that is certainly a giveaway! Also, if the air that is rising over the land is heavy with moisture, it may well form one or more small cumulus clouds, as shown in the illustration. (Of course, you will see the cloud a long time before you see the land beneath it, but you might not be sure it is marking the presence of an island or coastline.)

Another consideration that will confirm you have a sea breeze is the fact that, at night, the breeze reverses direction and becomes a ‘land breeze’ (or ‘offshore wind’). As the sun sets, the land cools faster than the sea and the temperature difference reverses. The cooler air over the land then moves offshore to fill the lower-pressure area. This causes an offshore wind known as a ‘land breeze’.

Sea and land breezes can extend up to 10 nm offshore – but that depends on the size of the land mass: the smaller the land mass, the shorter the distance.

The Water

Perhaps in my scepticism I was being a bit unkind to Kaho, the legendary blind navigator who reputedly could determine the exact location of a boat merely by leaning over the side and touching the water.139 (See ‘The Pacific Islanders’ in Part 1.) Maybe he was feeling for weed that had recently blown off a nearby coastline? Unless he tasted the water, then I don’t see how he could have been checking its salinity. The other option is that he was gauging the water temperature, in which case he truly did have magical powers to be able to sense the slight rises in temperature caused by the sun warming the shallower water close to land. Or maybe he could detect warming caused by volcanic activity on the seabed.

There are other, less appealing options. In the Irish Sea it might be possible to determine proximity to the coast of Cumbria by measuring the level of radioactivity in the water. But I can’t imagine that many sailboats routinely carry Geiger counters! In some places you are more likely to be able to smell the outflow of untreated effluent from coastal towns and cities. A yellow surface can forewarn you of mud carried into the sea by fast-flowing rivers. Flotsam such as discarded fast-food packaging can alert you to the proximity of the 21st century.

The colour of the water (unavailable to the blind Kaho, of course) depends on a number of factors. If the sun is low it will tend to cause reflections off the surface. If it is high in the sky it will illuminate the bottom of the sea and what is down there will tend to influence the colour. Is it sand, coral, rock, weed? And how deep is it? Mathew Wilson’s Bahamas Cruising Guide140 is a superb publication that contains all the usual stuff on passage planning and the whereabouts of the best marinas, bars and restaurants – and it is particularly good on pilotage. The guide has a two-page spread of colour photographs illustrating all the different bottom conditions you are likely to encounter in that part of the world. This is an excellent second-best to local knowledge and I can personally vouch for its usefulness. The Bahamas is very short of navigational aids; as soon as the Nassau government gets around to replacing those that are no longer functional they are blasted away by the next hurricane. I once met an American in a marina bar on Great Harbour Cay (or Lignum Vitae Cay, as it was once properly named). He had just finished repairing the automatic lighthouse on Great Stirrup Cay to the north and was waiting for a flight home to Florida. I hated to tell him that I’d spent the previous night in the anchorage behind Great Stirrup Cay and his lighthouse was still definitely not working.

However, hanging off the bowsprit with Mathew Wilson’s cruising guide in hand is a good way of looking at the part of the bottom that the echo sounder cannot reach. It can also help you decide if you are over the kind of ground that is going to securely embrace your anchor for the night.

Of course, none of this works if you can’t see the bottom because the water is polluted or you are sailing through someone else’s jetsam. But any sort of flotsam – plastic cola bottles, inflatable sunbeds and far more disgusting artefacts – can tell you that land is nearby. That land might not be somewhere you particularly want to be, but if you are in a survival situation, you don’t really have much choice.

Aircraft

I know I’m going to get some flak from the purists by adding this note, but the word ‘Survival’ is printed in bold text on my get-out-of-jail-free card. The sighting of a light aircraft can give you an indication of position and, near coast and island groups, can help with landfall in the same way that sea birds and small cumulus clouds do. Just don’t tell me that when you are exhausted and low on drinking water you are going to say, ‘That plane is not an object of nature – I’m going to ignore it.’

If you see a single-engine, propeller-driven light aircraft flying at about 1,500 metres (5,000 feet) over the Pacific it is unlikely to be en route between Brisbane and Bogotá. More likely it is island-hopping, and if you have a rough idea where you might be, its course might provide you with some useful confirmation. That’s one thing you’re allowed to dump overboard – the dogma.

Watch the plane carefully. Does it seem to be losing height? Has it lowered its wheels and flaps? Bear in mind that some small planes have a fixed undercarriage. You might not always be able to see if the flaps are extended from below; look out for the gaps that appear where the flaps attach to the fixed part of the wings.

Is the plane turning into the wind, its nose down 2–5 degrees? Is it about to disappear below the horizon? Even if it has big floats instead of wheels there is a good chance that it is arriving at an island you cannot see yet; ‘float planes’ are known to land in large lagoons where the water is smooth. Of course it might be landing on a strip near a mainland coast.

If the plane appears to circle before disappearing below the horizon, that makes sense too. Some small, remote islands are not overburdened with air traffic control facilities and pilots will fly low over a dirt strip to check it is clear of animal traffic and to warn any aircraft thinking of taking off that they are about to make an approach. If you see this happen, then you are also about to make an approach – to a mooring.

There is something else you can do in advance of hauling anchor. Nautical charts do show the location of airports and airfields on islands or near continental coastlines. So, from the chart for your sailing ground, you can get their latitude and longitude. What you won’t get from the chart is the orientation. Runways are marked according to the direction in which they point. So, at Mustique in the Grenadines the runway is designated 09/27 – exactly east–west (the last digit is dropped from 090 and 270 so the numbers are REALLY BIG when painted on the end of the runway). Also keep in mind that orientation bearings are in degrees magnetic, so you have to allow for variation.
f



You may need to do some research to get this information for the area in which you sail; if you don’t have access to harbour Wi-Fi, chat with the pilots in a local bar. St Vincent and the Grenadines has six operational airfields, as shown in Table 2.5.
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Table 2.5 Airfields in St Vincent and the Grenadines.





	Airfield

	Runway orientation

	Location




	Argyle International Airport

	04/22

	13 ° 09 ′ N 061 ° 09 ′ W




	ET Joshua Airport

	07/25

	13 ° 08.66 ′ N 061 ° 12.65 ′ W




	JF Mitchell Airport

	12/30

	12 ° 59.3 ′ N 061 ° 15.7 ′ W




	Mustique Airport

	09/27

	12 ° 53.28 ′ N 061 ° 10.82 ′ W




	Canouan Airport

	13/31

	12 ° 41.95 ′ N 061 ° 20.55 ′ W




	Union Island Airport

	08/26

	12 ° 35.92 ′ N 061 ° 24.88 ′ W









So, how does the runway orientation help? You are heading south and, using dead reckoning, you make a turn to port onto what you hope is the latitude for Mustique. Then you get lucky. A small plane comes overhead, apparently on the same easterly course. It’s getting lower, its engine throttled back. Then its wheels come down: unless there’s an aircraft carrier in the neighbourhood, it must be landing at Mustique! When it disappears you have your horizon event: 090°. The same thinking applies to the other airfields of course.

If you are in a survival situation the arrival of a light aircraft would be a good time to show orange smoke or a hand flare. You could even try a signalling mirror – but never a laser! Parachute flares are a bad idea around helicopters. Aircraft are not supposed to use marine VHF frequencies – but it’s always worth a try. Hail them on Channel 16. An exception to this is search-and-rescue planes and helicopters; they always have access to marine frequencies.

Ferries and Other Sea Traffic

At the risk of further outraging purist barefoot navigators, here is another non-natural-world landfall tactic you can employ. I confess to having followed local boats and I’m not too worried about my soul.

The ferries servicing island archipelagos are variable to say the least. Caledonian MacBrayne’s services to and from the isles of Scotland are probably as good as it gets. The Bahamas has mail boats and in all my time there I never got my head around their schedule. Unless you are relocating a car, you hop on a plane. The fares are low; at least for the locals the fares are low. The Grenadines has a more solid ferry service and, sensibly, the operating companies have co-ordinated their timetables. For barefoot navigators this is worth knowing about.

I like ferries precisely because the good ones are reasonably predictable. The time of their arrival over the horizon gives you a crucial clue to their identity. And if you have a copy of their schedules, that, in turn, can provide you with a clue as to your whereabouts and maybe with a heading for your next port of call. Being able to identify them from a distance also helps (like with navigator seabirds), and you will usually see a photo on the brochures they distribute through tourist offices and hotel reception desks.

For example, a number of ferries provide scheduled services between the main islands of the Grenadines:

•   MV Jaden Sun operates between St Vincent, Canouan, Mayreau and Union Island twice weekly: Tuesdays and Fridays out, Wednesdays and Saturdays back;

•   MV Barracuda does the same route on the other days: out Mondays and Thursdays, back Tuesdays and Fridays, with a round trip on Saturdays;

•   MV Canouan Bay provides an express service Canouan–St Vincent on Thursdays, back Tuesdays; and

•   MV Endeavour sails from Mustique on Monday, Tuesday, Thursday and Friday. And, oddly, on the first Wednesday in every month.

This is impressive, but note that the hourly service between Kingstown and Bequia (MV Gem Star and MV Admiral II) is unlikely to be helpful; these vessels are never going to be out of sight of land. If you are sailing with youngsters on board, put one of them in charge of navigation by ferry; make them the expert.

Ferries are not the only sea traffic of course. You spot an elegant schooner overtaking you, more or less on the same heading. Is she going to the same anchorage? Maybe she’s just passing through. There’s the stars and stripes high on the main backstay, but is she flying a courtesy flag and steering for a port of entry? We can see a radar scanner on her mainmast and she’s certainly using GPS. Would it be cheating to follow her? A kind of ‘un-barefoot activity’?

But then you see an outboard-powered skiff. The sun is about to disappear below the horizon and the two tired guys on board look as though they’re heading in with their catch for the night. This is a better bet than the schooner. Those chaps are more likely to be thinking about a meal and a warm bed than about the next leg of their passage from Fort Lauderdale to Buenos Aires. And you might be able to keep up with them.




	Input in FEET, output in nautical miles

	Input in METRES, output in nautical miles




	D = 1.17 x square root (H)

	D = 2.08 x square root (H)




	D = distance to horizon (feet)

	D = distance to horizon (metres)




	H = height of eye or object (nm)

	H = height of eye or object (nm)







Table 2.6 Radio masts in St Vincent and the Grenadines. (These dipping ranges assume the eye of the observer is 2 metres (6 feet 6 inches) above sea level; sitting in the cockpit.)
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Radio Masts

Telling you to ignore tall radio masts would be like telling you to ignore prominent palm trees or colourful hillside villages – or La Soufrière, a 1,234-metre (4,049-foot) volcano at the north end of St Vincent. In the Bahamas, which are very flat, these red-and-white microwave antennae are the only landmarks you are going to get. So let’s be practical.

Staying with our example of the Grenadines, we have a classic example of a country’s telephone system being based on a chain of antennae, each of which has to be tall enough to have line-of-sight microwave frequency links to the next in the chain. There are eight of them: four on St Vincent, and others on Bequia, Canouan, Union Island and Carriacou. I doubt the masts on St Vincent are of much use to the navigator; you are likely to see La Soufrière long before you make out the radio antennae.

They vary in height, but the radio tower at Hillsborough Bay on the island of Carriacou is the tallest, at 72 metres (236 feet) above sea level. Once you’ve spotted the top of a mast above the horizon you can estimate your distance from it. All you need is an equation for distance to the horizon using units of feet and another using units of metres. Here they are:

You need to perform two calculations: what is the distance from your eye to the horizon? And what is the distance from the top of the sighted object to the horizon? Then, if you add the two together you get your distance from the radio mast (or whatever) in nautical miles. Does it really look all that intimidating?

If you don’t fancy taking on that equation in a rough sea while inflicted by the dreaded mal de mer, do the mathematics for your sailing ground before you set off. If you’re fortunate enough to be heading for the Grenadines, Table 2.6 shows the maximum distances off (or ‘dipping ranges’) for the most useful radio masts in the island chain.

If you can spot the mast pretty soon after it appears over the horizon and have a decent idea of its bearing you have a reasonably helpful position line. With another line intersecting on the chart you’ll have a fix that would make most barefoot navigators very happy.

____________________


a This first volume of Conrad’s autobiography is still in print from various publishers but can be downloaded free as an eBook or pdf.


b You may have seen the movie of O’Brian’s excellent book, Master and Commander, starring Russell Crowe: http://www.imdb.com/title/tt0311113/. The film is pretty faithful to the book: ‘During the Napoleonic Wars, a brash British captain pushes his ship and crew to their limits in pursuit of a formidable French war vessel around South America.’ However, in the original story, the ‘formidable French war vessel’ was a formidable American war vessel; the USS Constitution, ‘Old Ironsides’.


c ‘Rare’ because the photograph is a montage!


d It is remarkable that any of the birds willingly returned to the Ark, given the likely smell and condition of a vessel stuffed to the gunn’ls with unhousetrained creatures. The same problem must have afflicted the survivors in the earlier versions of the Near Eastern flood story – Sumerian priest-king Ziusudra (third millennium BCE) and Utnapishtim (Babylon, second millennium BCE). Utnapishtim also sent out a raven to find land; it went AWOL.


f The ‘period’ is the time of the ‘fetch’ from crest to crest.


f Many thanks to former RAF pilot Derek Watson for his advice in compiling this section.


g A website called ‘Landings.com’ enables you to search for this information for your own local airfields: www.landings.com/_landings/pages/search/search_ap-ident.html




PART 3



DO-IT-YOURSELF LO-TECH NAVIGATION



‘It is well to observe the force and virtue of consequences of discoveries, and there are to be seen nowhere more conspicuously than in those three which were unknown to the ancients, and of which the origins, although recent, are obscure and inglorious; namely printing, gunpowder, and the magnet. For these three have changed the whole state of things throughout the world; the first in literature, the second in warfare, the third in navigation; whence have followed innumerable changes, insomuch that no empire, no secret, no star seems to have exerted greater power in human affairs than these mechanical discoveries ... had done more to transform the modern world and mark it off from antiquity and the middle ages.’ (Francis Bacon, Novum Organum Scientiarum, 1620)



Dead Reckoning
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Dead reckoning is a means of estimating a position by applying course steered (specifically assumed course made good) and distance sailed (speed x time) from a last-known position – a ‘fix’. The expression is probably derived from ‘deduced reckoning’, which is worth remembering because it doesn’t sound as dead accurate as ‘dead reckoning’! This caution is especially apt with unshod wayfinding. While the chances are that your current position was estimated from a ‘previously known position’ using dead reckoning, it is far more likely that your current position was estimated from a previous estimation (see Figure 3.1).

Consider the grim reality of that. You are well offshore and making passage. The GPS receiver is kaput and the sextant has been used for depth-finding. So, your first fix was your departure point. You have made five dead-reckoning legs since you waved goodbye to the friendly folks on the mole; the last four of those legs are, frankly, guesses.

In other words, any errors will compound earlier errors; the zone of uncertainty at the end of each leg becomes a sprawl of possible start points for the next leg. If you think this sounds ominously like an exponential process, you’d be right. There’s an outside chance that these errors will cancel out – just like an outside chance will enable you to win the Lottery. It’s far more likely that your zone of uncertainty is going to expand to the size of continents. (I exaggerate to make the point; but not by much.)

In Part 2 we looked at different means of determining and holding a heading. So, you know the approximate course you’ve been making good, but how far are you along that course? To determine that, you need to know the speed your boat has been making through the water, as well as the time travelled on that leg. In this section of the book we will look at methods for calculating your speed. Unless you have a watch, your time estimates are going to be in days, or at least big fractions of a day. From the early Middle Ages traditional wayfinders would have had an hourglass. But I’ve allowed you to have a watch for longitude calculations, so I’ll assume you’ve taken me up on that offer.

This is all we need to perform the calculation:


distance travelled = speed x time travelled
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Figure 3.1 The perils of dead reckoning.



In practice, that’s going to be:


distance travelled (in nautical miles) = 
speed (in knots) x time travelled (in hours)


In most barefoot navigation – especially the survival kind – you will be working to fulfil a long-term strategy. Perhaps: ‘I’m going to head south to 13 ° North and turn west, keeping slightly above the latitude for ten days until the jets taking off and landing at Grantley Adams International Airport tell me I’ve reached Barbados.’ Or more starkly: ‘I want to get to the nearest coastline and get off this leaky tub!’ Subtle course changes will be rare and probably irrelevant because they presume a confidence in your position not justified by the navigation techniques you are employing.

This straightforward approach might be imposed on you by the fact that you have to hold the course in your head – you have no chart! The ‘Global Emergency Locator’ in Appendix 10 is designed to help you get a feeling for where you might be and what your options are for reaching a safe haven. This is best used in conjunction with the charts showing world ocean currents (Appendix 12) and prevailing wind systems (Figures 2.7 and 2.8 above). Hopefully you copied these or printed them from a website and laminated them before tucking them away in your survival grab bag. The other possibility is to have the Admiralty pilot charts for the regions in which you are sailing; these show the prevailing wind directions and speeds and are the right kind of scale for survival situations.

There is another practical problem. A major cause of error in dead reckoning is the navigator’s failure to make correct allowance for the extent to which surface currents, tide streams and the wind are conspiring to push the boat off the desired course. If you have been formally trained (on an ASA or RYA course) you will work out a course to steer by drawing the relevant vectors
a
 on the chart. If you don’t have a chart it is possible to make these calculations on a plain piece of paper as long as you have a straight edge (preferably a ruler), a pencil, a protractor and, of course, a sheet of paper… If you lost all those, or you are trying to work without them as the ancient navigators did, then you will have to make the adjustments in your head.

It is impossible to overstate the importance of dead reckoning when sailing unshod offshore. Whether you have a magnetic compass or not, and whether or not you have a functioning log for speed, dead reckoning is fundamental to tech-free offshore navigation. There are three essential rules to help you get it right:

•   Plot every hour on the hour, at least.

•   Plot at every change of course or speed.

•   Get a fix whenever you can – and then start again.

And remember this shocking truth: each time you lose track of your dead reckoning … a baby dolphin dies!

What follows are the rudimentary methods of calculating a position by dead reckoning; later we will consider the use of a pelorus – or steering compass – to ease the challenge of holding a course. Then we’ll look at ways of estimating your latitude and longitude, of getting some kind of reassurance about your position, your all-important fix.

Improvising a Magnetic Compass

No compass? This is unlikely to happen on board the boat itself, but it could occur in a survival predicament on a liferaft, an uninhabited island or an isolated coastline. These are the steps to follow if you need to improvise your own compass.

•   Locate a short length of wire, a sewing needle or, at a pinch, a pin. A needle is best, but whatever you choose needs to have high ferrous (iron) content.

•   
Now magnetise the needle. There are a number of ways of doing this. If you have a magnet, use that to stroke the needle repeatedly, always in the same direction, until it is able to attract/repel other metal objects. (If you are still on a boat, you might be able to find a magnet inside unusable electrical gear. Start with one of the speakers from the hi-fi system. You will also find magnets in the engine starter motor and alternators.) The second technique involves the use of a battery or batteries with a potential in excess of 3 volts. Using insulated wire, fashion a coil around the needle (the more coils the better) and connect the ends to the positive and negative terminals. Leave for 5 to 10 minutes. Finally, although I’ve never tried this, some magnetism can be induced into the needle by stroking it with a piece of silk cloth. (You may need a volunteer with silk underwear for this. Or perhaps the owner brought a silk shirt with them.)

•   Now you have to suspend the needle in some way. A piece of untwisted thread tied around the balance point will serve. If you have a well-magnetised needle, one that snaps reasonably sharply to north, it is better to use a glass preserve jar or plastic beaker partially filled with water (see Figure 3.2). The needle can be suspended on a sliver of balsa wood, a slip of paper or, if you are ashore, a piece of leaf or seaweed.

•   Calibration comes next. Make sure you know which end of the needle is pointing north. The sun or stars will help you do this. If you have the needle floating in a container you might be able to mark it up (using a chinagraph pencil or pieces of adhesive tape) with a crude compass card. If you can do better than eight divisions (north, north-east, east, etc) then you are doing very well. The traditional thirty-two points would get you an extra rum ration. A light line or wire stretched tightly between north and south on your improvised card might well prove helpful to the helmsman should you be able to get underway.

I understand that it is possible to magnetise a razor blade by stropping it against the palm of the hand and then suspending it vertically. (Don’t try this in rough seas and without the supervision of a trauma surgeon!) Whatever device you use, remember to top up the magnetism every few days at least. Also keep in mind that the needle will be pointing towards magnetic north. The variation from true north will depend on where you are in the world and may well be the least of your worries. If you still have a chart for the area, check the compass rose for the variation and the way in which it is progressing. Deviation is another matter, but the only solution to that will be to position your improvised compass well clear of the engine and any solid metal objects in the cockpit.
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Figure 3.2 Floating needle compass.

Some metal objects seem to hold a little magnetism, maybe enough to provide a rough indication of north. Take the pull-ring or lid from a soft drink can or the lid from a tin of baked beans, clean it up, flatten it and float it in a tumbler of water. Now watch it for a while. Does it settle in a particular direction? Move it and see if it happens again and if it rotates to the same place. Mark the lid in some way. You shouldn’t have too much trouble in determining whether it is pointing north or south – and it should be pointing to both…

The Watch Compass

If I’m going to allow the 21st-century barefoot navigator a wristwatch, then we may as well find some extracurricular uses for it. You may have learned this trick as a Scout, a Girl Guide or whatever – but it has to be a proper watch, one with hands!

A few cautionary notes to begin with:

•   The watch must be set to unadjusted local time net of daylight saving;

•   the lower the latitude, the lower the accuracy; and

•   you need an analogue watch --- the type with a big hand and a little hand and numbers that go around the outside of the dial.

Also, a slightly different method is used for finding south in the southern hemisphere.

In the northern hemisphere: hold the watch horizontally. Point the hour hand towards the sun. A line bisecting the angle between the hour hand and 12 o’clock now points to true north (see Figure 3.3).
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Figure 3.3 Finding north with a watch.
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Figure 3.4 Finding south with a watch.

In the example illustrated in Figure 3.3, it is just before 8am local time. The watch is being held in such a way that the hour hand is pointing towards the sun. A line extending from the centre of the watch through the mark for 4pm points in the direction of north.

In the southern hemisphere, hold the watch in such a way as to keep the face horizontal. Point the number 12 towards the sun. A line bisecting the angle between the hour hand and 12 now points south (see Figure 3.4). In the example illustrated, it is just before 8am again, the number 12 is pointing towards the sun and the direction of south is indicated by a line bisecting the 4 (halfway between 12 and 8).

To reassure yourself that this does actually work, get up early and try it at dawn. Assuming this is at 6am and you are pointing the hour hand (on the number 6) at the sun, you will be looking towards the east and north will be square off to your left (halfway between the direction of the sun and the number 12. The same check applies in the Antipodes, but this time for south.

This is slightly more accurate – but not a lot more – than just kind of knowing the time, eyeballing the sun and waving your arm in the right general direction. As an indication of how far technology has gone, I recently found myself wearing a Suunto digital watch, which, at the touch of a button, became a wrist compass. With in-built barometer and altimeter, it was more James Bond than Baden-Powell. While playing with this (it came with an instruction manual the size of the Yellow Pages), a thought occurred to me: why do the hands on a clock go around the face? Why don’t they go up and down or in and out? The rotation is significant in some way. It could be that early clockmakers found it easier to release the energy of a coiled spring by using precisely engineered cogs and gearwheels. Everything goes round in one direction or another and at different speeds until the minute hand and hour hand are presented to the user of the watch – one rotating once every hour, the other twice every day.

If this is essentially expedient, it is also fortuitous. We measure time by the rotation of the Earth. We perceive that rotation by seeing how the celestial sphere appears to rotate around the Earth. We will come back to this when we look at a really impressive way of estimating our longitude from the rotation of the stars.

Calculating Speed: The Home-Brew Log Line

Here is the most accurate low-tech method of calculating speed. The design is based on the traditional device, used for many centuries, called a log ship or chip log. I prefer ‘log line’.

Take a heavy piece of marine plywood (5-ply or more) and cut it into an equilateral triangle with sides of 30 cm (1 foot) or more (see Figure 3.5). Drill a small hole in the top and bottom left corners of the board. Drill a bigger hole of about 0.5 cm (say, 0.25 inches) in the bottom right corner. Sand down the edges and varnish (if you want to keep it for future emergencies).
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Figure 3.5  An improvised log line.

Along the bottom edge fold a strip of lead and pin it in place. If you don’t have any lead on board, attach some heavy bolts (the ones that the chandler promised were marine stainless steel but are now rusted to hell and back). This is to keep the board upright.

Fashion three lengths of braided fishing line and secure the ends together. Pass one end through the top hole (the one opposite the weight) and tie the end in a figure-of-eight knot. Do the same with the smaller of the bottom holes.

Fashion a wooden peg so that it fits firmly into the larger bottom hole and secure the third line to the end of that. Make sure that the three lines are of equal length; this is particularly important if you want to use the log more than once. As you deploy the log, all the pressure on it goes to pulling the line out. Once you tug on the line, there needs to be enough pressure on the peg to jerk it out of the hole. This will make the board go flat so that you can haul it in.

Tie the above arrangement to a long length of similar braided line, ideally non-stretch or pre-stretched. (If you already have a braided fishing line on board, use that.)

Now put marks on the line. These can be knots or ribbons of cloth; you can even use colourful plastic cable ties pulled really tight. Fix the first one exactly 14.4 metres (47 feet 3 inches) from the face of the board and the successive ones at exactly that same distance from each other.

The log is used like this. Making sure the line will run out freely, throw the log over the stern. As the first knot goes out, check the second hand on your watch or, if you have one, start your stopwatch. Count the number of knots that go out in exactly 28 seconds. That is your speed – in knots! If you want to improve the accuracy, mark half-intervals with a different colour ribbon. When the 28 seconds is up, tug the line and the peg should pop out. This flattens the board so you can recover it. You can make a reel on which to reload the line, but a bucket can work just as well. Loop the line, making sure it doesn’t tangle so that it will run out freely when you next check your speed.

Obviously the above process will need to be repeated whenever wind conditions change. If you were wondering how they managed to time 28 seconds in the days before accurate ship’s chronometers, they used ‘hour’ glasses that contained exactly 28 seconds’ worth of sand. Don’t ask me how they measured 28 seconds’ worth of sand.

Now you have an estimate of your speed and from that you can calculate your distance made good. Combined with the course you have been trying to hold, you should be able to get a rough-and-ready dead-reckoning position. This can be cross-checked against an estimate of your boat’s latitude; more on that later.


Calculating Speed: The Dutchman’s Log

This is probably the lowest of low-tech solutions to a navigation problem. If all the high tech has failed, here’s how to make a rough guess of your speed:

•   Preparation: mark off a distance of 25 feet (7.6 metres) along one side of your boat. You might get lucky with the stanchions – otherwise stick on some tape at the start and end points. (If your boat is less than 25 feet LOA, you might have to tow the dinghy! This will not work if you are in the dinghy.)

•   Toss a small floating object into the water ahead of the forward mark and not too far from the hull. (Avoid the bow wake, which will send it off at an angle.) A piece of wood, an unneeded cat or an unruly child will do. (Only kidding – I wouldn’t do that to a cat.) Avoid using anything that will not biodegrade; there is far too much pollution in the oceans already. If it has to be something plastic, tether it securely to the boat with a fishing line so it can be recovered. A banana skin will biodegrade in warm tropical waters. And you can enjoy eating the nutritious banana.

•   Check the time it takes for the object to pass by the measured 25 feet. Use a stopwatch if you have one. If you’ve lost your watch you can count, ‘one-thousand, two-thousand’ and so on. But you may need to adjust that depending on whether you speak in clipped tones or with a drawl. Let’s assume the object whizzes by in three seconds.

•   Multiply that by 100: 3 x 100 = 300. Then multiply the number of feet measured off (25) by 60: 25 x 60 = 1500. Divide the result of that by 300: 1500/300 = 5 knots
. This is the perfect round number of ocean cruising; it gives you 120 nautical miles per day, which, as they say, is sufficient.


Table 3.1 Speeds from a Dutchman’s log.





	Measure

	Time

	Speed in knots




	25ft/7.62m

	1s

	15.00




	25ft/7.62m

	2s

	7.50




	25ft/7.62m

	3s

	5.00




	25ft/7.62m

	4s

	3.75




	25ft/7.62m

	5s

	3.00




	25ft/7.62m

	6s

	2.50




	25ft/7.62m

	7s

	2.14




	25ft/7.62m

	8s

	1.88










To save you from the mental arithmetic, Table 3.1 shows the speeds corresponding to each second the log takes to pass 25 feet – which is 7.6 metres.

This technique is usually called the ‘Dutchman’s log’. It’s also known as the ‘spit log’ for reasons I’ll let you figure out. The log line described above is far more accurate but takes longer to deploy.

____________________


a In practical terms, a vector is an arrow that represents a combination of speed and direction. These vectors can be a measurement of the speed and direction of wind and water and are used to modify the course you want to make good to provide a course to steer.



The Traverse Board: Logging Your Dead Reckoning
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For many generations (stretching from the 16th to the early 20th centuries) seafarers relied on ‘traverse boards’ to enable helms to communicate to the navigator the courses and speeds achieved during their four-hour watch.

Sometimes called ‘pin compasses’, these devices were developed to address a very specific problem. Your most trusted helmsman (he almost certainly was a male) may have been a great character: he always emerged from his hammock in good time for his watch; he never deserted when given shore leave in a port with exotic ladies; and he kept morale high in the lower decks through his boisterous singing of risqué shanties and by recounting tales of derring-do in wars at sea against the French. But he couldn’t read or write. A system had to be devised that enabled him to make a record of the course steered and the speed logged for each hour of his watch. The navigator would then take the traverse board below to transcribe the dead reckoning to a chart.

Figure 3.6 shows an example of a traverse board or pin compass. The circular part of the board is used to indicate the heading (from the compass) steered in each half-hour or one-hour interval. At the bottom, pegs are used to record the speed made good through the water (1 to 12 knots from the log line) in the same one-hour intervals. The holes to the right were used to add quarter, half or three-quarter knots to whole values. The design is quite clever – a fact proven by its longevity – and it is totally water-resistant.

I have designed the sun and star steering compasses described below to incorporate traverse-board functionality. Its use is in no way obligatory but I thought employing it during barefoot navigation would be a way of encouraging the crew to focus their attention on the need to get the dead reckoning right.
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Figure 3.6 A traverse board. Wikipedia CC BY-SA 3.0.


More on the practical application of the traverse board is included in the section on the star compass.



The Pelorus: Non-Magnetic Steering Compasses
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The boat you sail on probably doesn’t have a pelorus, and the shelves of your local chandlers are unlikely to be stacked high with them. I’ve seen one. It was on the bridge of HMS Belfast, a World War II cruiser permanently moored on the River Thames, a little upriver from Tower Bridge.

The Belfast’s pelorus is mounted on a binnacle, and at first sight I took it to be a compass. It had a compass card all right – but no magnetic needle. The giveaway was this: 000° was set at the lubber line, so it was aligned with midships. And above it was a sighting telescope. In other words, it was used to obtain bearings.

‘Submarine periscope zero-three-five degrees on the starboard bow, Captain,’ calls out the diligent young deck officer. Or, more usefully, he might be calling out the bearings of buoys, headlands and landmarks. It would be an alternative to using a hand bearing compass (or radar) for checking the consistency of the bearing of another vessel you suspect of being on a converging course (see Figure 3.7).

A good enough working definition of a pelorus is that it’s a fixed compass device with which you can take relative bearings of an object in the distance. It probably acquired its name in the mid-19th century, derived from the name of a skilled coastal navigator whom Hannibal ordered to be executed for treachery (he later acknowledged the man’s loyalty and erected a monument to his memory).

That was nice of Hannibal, to erect a monument; Pelorus must have been eternally grateful. The word is hardly antiquarian in origin but has been embraced by modern historians to describe any fixed compass card orientated to the wind, sun or stars rather than to magnetic north.
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Figure 3.7 A pelorus used as a sighting compass. Downloaded from www.compassmuseum.com. This is an amazing site to visit for anything related to compasses.


What follows are examples of peloruses I’ve designed for the 21st-century barefoot navigator: the Sun Compass, the Star Compass and the ‘Superlorus’. Each of them brings together all the assets of unshod wayfinding: the sun and the swell, the wind and the stars.



Steering: The Sun Compass
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This is your aid to steering by the sun, the wind and the swell (see Figure 3.8). The output from inkjet printers does not seem to be very resistant to marine varnish,
a
 so I suggest you laminate the printed compass before fixing it to a wooden board. When choosing a suitable material, keep in mind that you will be sticking map pins into this board. If in doubt, test a variety of woods with a pin. Another approach would be to cover the face of the board with a layer of cork or fashion the compass by cutting it from a cheap office pinboard.

On most boats you’ll probably use this compass as a handheld device. However, if you’re going to use it a lot – maybe for your first barefoot circumnavigation? – and you have the space, you could try and mount it somewhere conveniently near the helm. In that case, the compass should be rotatable and, preferably, set on some kind of gimbal.

There are two innovations in this sun compass. Basically, it’s a compass rose but I’ve added concentric circles so it can be used as a traverse board (here) to record the progress of your dead reckoning. Also, I’ve incorporated date scales around east and west to enable you to allow for the annual variations in sunrise and sunset. Of course the exact dates of the equinoxes and solstices change year to year, but that’s never by more than a day so the scales should be accurate enough for barefoot navigation.

Set a vertical post into the centre point of the compass, something with the dimensions of a pencil – or a real pencil ‘borrowed’ from the navigator’s desk would do the job. Bore a hole exactly at the centre and superglue the pencil in place, making sure it is vertical. Then add a wind telltale to the top of the pencil. A strand of wool works well for this job; you knew that colourful sweater your great-aunt knitted for you last Christmas would come in handy. You’ll also need some map pins. There seem to be two types: the kind with solid plastic heads in a variety of colours; and the slightly bigger ones with flat heads that you can write on. With the first kind you need to rely on a colour code; for example, the red pins are about the sun, the blue about the swell and some other colour for the wind. There’s no grand international standard, so you can devise your own system. In the case of the flat-head pins, you can inscribe a big letter on the top: ‘S’ for sun, ‘W’ for wind and a smaller ‘H2O’ for the swell. Or ‘W’ for the water/swell and ‘O2’ for the wind/air.
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Figure 3.8 A sun compass.

Right now you might be sitting in your shed or basement admiring your handiwork. But it’s time to take to the water and put your sun compass to the test. Essentially, there are three steps (see Figure 3.9).


Step 1: Calibration. Set today’s date with a map pin in the date scale. 15 February is shown in the illustration; the sunrise scale works counter-clockwise, the sunset scale clockwise. Take care with July and December – these are split. If you set the date for the setting sun at the same time, you’re good to go for the day.


Step 2: Orientation. At dawn rotate the compass so the map pin aligns with the rising sun. Compass east now points to true east.
b
 Depending on your latitude, you need to check this periodically by backtracking from the sun’s current position to the horizon. Measuring the altitude of the sun around noon will give you another chance to confirm that the compass is oriented correctly. (It will also give you a chance to get a rough latitude and longitude; see below.)


Step 3: Steering. Now is a good time to stick two more pins into the board. The first should indicate the direction towards which the prevailing wind is coming. You will be going against convention here, but you want to get your telltale fluttering nicely above the pin. Be careful not to be caught out by an onshore wind (sea breeze) if you are doing this anywhere near a land mass. Add another pin for any swell, if you have one. Whether you indicate the ‘to’ or the ‘from’ direction is up to you.

Steer your desired course by keeping the telltale over the map pin – but watch out for the wind backing or veering. If you are fortunate to have a good, unconfused swell, use that in preference to the wind; I guarantee it will be more consistent and will last longer.
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Figure 3.9 Using the sun compass.


____________________


a Why should it be?


b There’s a certain poetry in this. ‘Orient’ originates from the Latin word oriens, meaning east. It was adopted, and given an initial capital, to mean the part of the world east of Europe. It was then turned into a verb, ‘to orient’, meaning to turn something to face the east. Speakers of British English usually say ‘orientate’, speakers of US English ‘orient’. It has now taken on generic proportions and you’ll find me using it to mean ‘turn something to position it in relation to any fixed point’, including north, south and west.



Steering: The Star Compass
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The frequency of horizon events at night makes it easier to calibrate an astro-steering compass during a passage. It is no longer a two- or three-times-a-day activity. Unless you are strictly a day sailor, the star compass is a must-have device (see Figure 2.41).

The practical steps in making one of these are the same as those for a sun compass but with one important difference. I designed the example shown in Figure 2.41 for use in tropical latitudes – around 12° to 13° north – from where Merak in Ursa Major rises at about 030° and sets at 330°. However, if you are at 50° north, Merak comes nowhere near the horizon. In view of this, the downloadable version of this star compass doesn’t have any circumpolar stars in it!

Once you have printed the template, write in the names of the closest rising and setting stars around Polaris for your latitude. Similarly, looking south, you won’t be able to see Crux, the Two Pointers and the Southern Triangle at all. In fact, from this far north you won’t see many good horizon events in the south. (By ‘good’ I mean navigation stars rising and setting within 30° either side of due south.)

If you really want to check south rather than deduce it from safer events, here is a trick you can employ. Midway through the time they are visible, stars such as Fomalhaut (Piscis Austrinus), Rigel (Orion) and Sirius (Canis Major) will pass through the celestial meridian. They will then give you an approximate south. But that assumes you have their rising and setting times to hand and have a watch on your wrist. Good horizon events are far easier to use and don’t require any arithmetic; south can be deduced from north, east or west.

As with the sun compass, the star compass should be rotatable and, preferably, set on some kind of gimbal. The Pacific Islanders wouldn’t have had a fancy steering board like this, of course. They’d just pick out the star that gave them the direction of the next island and point the bow at it. This would certainly work for you when sailing between frequently visited ports once you become familiar with the navigator’s night sky.

The further a star rises, the more it drifts off its transit bearing. So the eastbound navigator may have started off by steering two and a half fists to the right (starboard) of the Pleiades (065°), then one and a half fists to the right of Aldebaran (073°) in Taurus’s head as it rose 48 minutes later. An hour after that, Mintaka (090°) would pop up dead on your nose – a comforting sight. When you plan your passage you could use map pins of a specific colour to indicate which horizon events you expect to occur. Numbered flat-top pins would provide the sequence (eg, ‘1’ for Pleiades, ‘2’ for Aldebaran and ‘3’ for Mintaka). If you have marker pens that will work on the surface of your compass, you could also write down the local times at which each star-rise and/or star-set will occur.

Again, map pins can also be used to show the direction of wind and swell. A centre-mounted wind telltale can be used to help the helm hold a course.

Both the sun compass and the star compass incorporate traverse-board capability.



Steering: The Superlorus
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Is it a bird? Is it a plane? No, it’s…

The star compass and sun compass are like ‘friends with benefits’. They are primarily orientated to one guiding entity – the sun or the stars – but are then tied into the direction of the wind and swell. And they have an incorporated traverse board. Remember what Nainoa Thompson said? ‘The star compass is also used to read the flight path of birds and the direction of waves. It does everything.’141


In the spirit of that, I have done two things to develop the Superlorus (Figure 3.10). First of all, it is a combination of the sun compass and the star compass, showing both scales. Second, by turning the wind telltale post into an adjustable gnomon I’ve incorporated the features of the Viking sun-shadow board. Instead of gluing the vertical stick (or pencil) into position, its height needs to be changeable.

The only downside I can see with this innovation is that in higher latitudes the gnomon might be set too low to be an effective mast for the wind telltale. However, there is a workaround. Once you have used the noon sun-shadow to calibrate the compass, the compass can be set higher again. Without a decent swell you have to rely on the wind for steering.

How can you use the Superlorus to run down a latitude?

First of all, you need to calibrate the board for each latitude you might want to use. This is best done on dry land using the method I described in ‘Sol-Skuggjáfjøl: The Sun-Shadow Board’ in Part 1 (see here). The target at the latitude you want to chase is where you should do this. Whether it’s an island or some point on a mainland, you’ll probably find yourself on a beach for this two-stage process. First, use a vertical stick stuck in the sand to determine – from the shadow – when you are at noon. The sun is at its highest point, so the shadow is as short as it’s going to get at that latitude and time of year. Immediately set the gnomon to a height that casts the tip of its shadow on one of the concentric lines on the Superlorus. Then mark it with a map pin.

Here’s a 21st-century shortcut. If you have a watch accurately set to local time, 12 o’clock will be the time to calibrate the Superlorus to. This is the technique to use when at sea and when, every couple of days, you need to recalibrate for precision.
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Figure 3.10 The multifunctional Superlorus.

If you are travelling between two ports at different latitudes, then pin the board with both using different colours.

Of course, you will continue to use the swell and the wind to help you maintain a heading, as with the sun compass and star compass. That never changes.



Latitude
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Kamals and Polar Sticks

The Vikings travelled along 61°N from Norway to Iceland and Greenland so often it was probably worth their while marking the latitude of Polaris on their mast, thus turning it into the ultimate ‘polar stick’. It would also have been useful to mark 60° N; sail too far south of this and you risk missing Greenland altogether. And you need to be travelling north of 62° if you’re going to fetch up at Iceland. (Heading east, you are unlikely to miss Norway.)

Is this a practical idea? Well, if the Viking seaman checking Polaris is too tall or too short then there’s a risk the ‘shot’ will be out. The solution to that would be for the sighting to be checked by the same sailor each time using his own personal marks on the mast. This won’t be the helm of course; the navigator will have to call out to the steersman, ‘Left a bit’ or ‘Right a bit’. Without any kind of autopilot, each longship would have at least two helm-navigators on board. So, with teamwork, I think this idea could work. It does, however, lack versatility.

Figure 3.11 shows a simple polar stick calibrated in degrees of latitude. You should not, of course, copy these calibrations because the distance between the marks relate to the length of your arm – the distance between your eye and the stick. Each barefoot navigator will have to make his own ‘instrument’ from a boat (or from a north-facing shore) the latitude of which he can be reasonably certain about. The Vikings probably did this from a longship being navigated by a mentor with a well-proven stick.

The marks can be notches that you can feel with your fingernail. If you insist on being a little hi-tech then luminous paint will do the job. Plastic rulers and the edges of Breton plotters can also serve as polar sticks if Polaris is not too high in the sky. You need to be able to see a reasonably clear horizon and make sure you are measuring the altitude of Alpha Ursa Minor and not the brightest star in the general direction of north. You should be aiming at an accuracy of 1° in dead calm waters; this is not enough for pilotage of course, but at least you don’t need batteries.

The kamal used by the Arabs works on the same principle, but the use of the knotted line held between the teeth was an alternative to calibrating the edges of the device (see Figure 3.12). It is probably possible to use a combination of 
both: the knot gives you the nearest ten degrees, while the marks on the board itself are calibrated in single degrees.
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Figure 3.11 A polar stick.
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Figure 3.12 A kamal for measuring the altitude of celestial objects.

The polar stick strikes me as being simpler to implement, but I have to confess to having an affection for the kamal. I have won a number of bets by telling sailors I could determine a latitude by using a handheld GPS receiver without the batteries. We would all tramp out onto the deck (or more likely onto the dock from the marina bar) and I would then use my own GPS as a kamal to check the elevation of the Pole Star. It has to be my little Magellan because I know how its dimensions translate into degrees of altitude. (I have already checked that I will be able to see both Polaris and the horizon.) It’s a little street magic that is worth a free drink!

The Astrolabe, the Cross-staff and the Backstaff

The astrolabe was originally designed as an instrument for astronomers, and the metres-high versions built for observatories were impractical for use on ships at sea. Later metal versions were more compact and more portable, and almost certainly were used by Arab navigators crossing deserts and oceans. The later German-made example shown in Figure 1.22 is a practical device, clearly top of the range. More basic models were made for seafarers; these had an arm and a calibrated scale that could be used for measuring elevations. But the fact remains that the manufacture of astrolabes was closer to watchmaking than to blacksmithing.

By comparison, the cross-staff was a simple device (see Figure 1.32). This fixed-length crosspiece on a staff with a sliding scale has one big advantage and one big disadvantage. On the plus side, it can be used to measure the altitude of both stars and sun. In fact, it can also be used to measure the distance between stars. For example, you can see Crux (the Southern Cross) and want to locate the celestial South Pole along the line running through Gacrux and Acrux. You preset 
the crosspiece to 20° and then hold up the device to the sky. On the negative side, if you use it for sun shots without protecting your eyes, you can cause serious damage to your retina.

Captain John Davis’s solution to the blindness problem was the ‘backstaff’, a navigation instrument that dated from Renaissance times but was still in use in the 18th century (see ‘Renaissance Navigation’ in Part 1, here). While measuring the altitude of the noon sun with it, the observer would have his back to the sun (see Figure 1.37). It functioned by casting a shadow from the end of a sliding upper index onto a horizon vane. The vane included a narrow horizontal slot that could be sighted through a pinhole at the end of a sliding lower index. The upper index is calibrated for sixty degrees, the lower index for thirty. The observer presets the upper index to an estimated value and then moves the lower index until he can see the edge of the shadow level with the horizon as seen through the slot in the vane. He then adds the setting of the two indexes together to obtain the altitude.
a




Sadly, though, the backstaff lacked the versatility of the cross-staff because it was useless for sighting stars.

Improvising Quadrants

In Part 1 I described how our hands can be used to make a rough-and-ready measurement of angles. Such techniques can be used to estimate our latitude. By improvising an instrument called a quadrant we can make those measurements considerably more accurate. Why not a sextant? For the simple reason that a sextant requires optics that are nigh on impossible to make yourself and certainly couldn’t be improvised in a survival situation.

Using the skies to determine a position is all about measuring angles, specifically the vertical angle between the horizon and a celestial object. This angle is called the altitude of the sun or star because it’s a way of determining the height of the object above the horizon. At school we are all taught to measure angles using a semi-circular piece of plastic called a protractor. Angles from zero to 180° are marked off along the semi-circular edge of the protractor; you will remember using one of these when learning geometry. If you can find your old school protractor, do what I did – transfer it to your on-board survival kit. If not, those with offspring could always try begging a spare one from them.

Converting the protractor into an improvised quadrant is a relatively simple matter; but please read all these instructions before you start! First of all, you need to put your hands on a reasonably long piece of wood (50 cm, or about 18 inches), which has a straight edge. This you will use for ‘sighting’. Next, find a way of attaching the protractor to the sighting board. General-purpose glue, if you have such a thing, will do the job. Alternatively, find a couple of small nails. Do not drive these through the plastic because you will shatter it. Protractors usually have a hole in the middle; drive the nails in here at an angle so that the protractor is held firmly in place. It is essential to ensure that the straight edge of the protractor is parallel to the straight edge of the sighting board (see Figure 3.13). Moving the angled nails will help you to make fine adjustments.
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Figure 3.13 An improvised quadrant using a protractor.

Finally, you need to find a way of fixing a length of line to the centre of the protractor; this will be the ‘plumb line’ or ‘plumb bob’. You need this because, without the kind of optics you get in a sextant, you have no way of relating the celestial body to the horizon. But a vertical line where you are standing goes right up to your zenith and is at right angles to the horizon. This is even better than using the horizon because you are no longer dependent on its visibility at night or in unhelpful weather conditions.

Light monofilament fishing line is perfect for the job, and you should have some of this in your survival kit. There should already be a hole at the centre of the protractor’s base line that is normally used to centre the instrument on the apex of the angle to be measured. With a little luck, you might have a pin or very small nail that you can drive through this hole – again, be careful not to break the protractor. The end of the line can then be tied to the pin. If you don’t have a pin, thread the line through the hole and secure it to the reverse of the protractor with a little adhesive. If you don’t have any adhesive, tie a figure-of-eight knot in the end and carve a little hollow in the side of the sighting board so that the protractor still sits flat. (You need to do this before attaching the protractor to the board, which is why I warned you to read all the instructions before starting...) Now attach a weight to the other end of the line to keep it straight.

Finally, your quadrant can be improved even further by using a rigid arm instead of fishing line. A thin piece of aluminium or plastic will do the job fine, but you still need to add weight to the lower end, and the upper end needs to be bolted through the board at the axis of the scale. The whole thing needs to swing freely, of course.

To ‘calibrate’ your new angle-measurer, point it at the horizon, taking care to get the back end of the sighting board in line with the front end and in line with the horizon. If you don’t have someone with you to ‘read’ the point at which the plumb line crosses the edge of the protractor you will have to press the line to the protractor and hold it there with a thumb or finger so you can read it yourself. It must, of course, say 90°. If it says 91°, for example, then the straight edge of the protractor is not perfectly aligned with the edge of the sighting board. Don’t waste time trying to fix this problem; allow for the discrepancy when you take a sighting.

You should be attempting to achieve accuracy to the nearest one degree at least. Be ambitious! If you have the time, practise getting better and better altitudes. And if you are planning a long trip with youngsters on board, this is a great project with which to get them interested in navigation. Needless to say, remind them not to point it at the sun.


The fundamental problem with our rudimentary quadrant is that its accuracy is limited by the size of the protractor. To make something bigger we need a piece of wood; a 15cm (6 in) square piece of marine 5-ply would be fine, 20cm (8 in) square even better. We also need to make some sights, but let’s deal with the problem of the scale first.

The scale needs to run from 0° to 90°, and one way of doing it would be to draw it directly onto one side of our 5-ply board using our protractor and a ruler. If you are not confident about doing this straight onto the surface of the wood, draw it onto a sheet of tracing paper. Then shade over the lines on the reverse of the paper using a soft pencil. Fix the tracing paper firmly to the side of the board and draw over the lines again so that a ‘trace’ of the lines is left on the wood. Go over these using a ballpoint pen to make the impression reasonably permanent. Another technique is to draw the scale on a sheet of regular paper and then carefully glue the paper to the wood. Obviously, that is unlikely to be permanent in wet weather, so you will need to give it a few coats of clear varnish (see Figure 3.14).

Appendix 1 shows a 90° quadrant scale that you can copy.

An alternative way of producing the scale is to use a drawing program on a personal computer.

Now let’s get really pessimistic; you don’t have a protractor with you and you didn’t put a copy of my quadrant scale in your navigator’s survival kit. But you might have a compass rose somewhere, maybe on a spare chart, maybe from a plotting chart (these usually come in pads). They look something like the one shown in Figure 3.15.
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Figure 3.14 A basic quadrant.
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Figure 3.15 A chart compass rose.

Cut out the rose and stick it to a flat piece of board. (If you can’t find the adhesive, do you have a stapler on board? That might do the trick.) In this case you don’t need to worry about getting a good alignment with the edge of the board.

To improve the accuracy of your new quadrant you need to devise a set of ‘gunsights’ to be fitted on the top edge of the instrument. My preferred approach is to acquire two short pieces of plastic tube. The eye piece (at the rear) needs to be about 1cm internal diameter. The front sight needs to be about 1cm external diameter. If you align the fore sight in the rear sight, you will be holding the board straight. Then you are ready to aim it at the target star, always checking that the sights are still in line, of course. The weighted line will provide the reading for the altitude. The altitude reading will be more precise because the scale is far bigger than it would be using a protractor; now a real barefoot navigator should be looking for accuracy of 0.25°, 15 nm.

Please, don’t take sights of the sun by looking directly through the improvised sights.


A modification to your quadrant is needed for getting the altitude of the sun. Learning from history, we are going to make the same change that was made when the cross-staff was replaced by the backstaff: we will use the shadow of the sun. The modification is relatively simple. At the point at which we have fixed our plumb bob (or swinging index arm) we need to add a gnomon, a shadow-stick. The stick needs to be 3 or 4cm in length for the middle latitudes and not too thick. I use a wooden cocktail stick; these are usually quite hard and have a useful pointed end, which can go into the hole from which the plumb-bob swings. The trick is that the gnomon needs to be dead square to the surface scale of the quadrant. It is very easy for it to be knocked out of true, so I remove it after using the quadrant and then, with some ritual, reinsert it and realign it each time before use. Now you don’t need to look at the sun at all, but hold the board flat, level with the horizon. Stand square-on to it, getting the shadow sharp, its edges parallel, and reading where the point touches the scale. This is a much-preferred solution when working single-handed, and the quadrant can still be used to sight stars directly through the sights.

Latitude Using the Sun at Noon

IMPORTANT SAFETY WARNING

Never directly look at the photosphere of the sun (the bright disk of the sun itself) with the naked eye or through an optical device such as a telescope, binoculars or an optical camera viewfinder. Even looking for just a few seconds could seriously damage your eyesight and possibly lead to permanent blindness. Your eyes and other optical devices concentrate the extremely strong visible and invisible radiation such as infrared and ultraviolet light from the sun onto the retina, which can permanently destroy the ability of the retina to detect light. The retina has no sensitivity to pain, so there is no warning that injury is occurring and the effects of retinal damage may not appear for hours.142

Now it is time to put your new quadrant to work. In Part 2 we looked at how useful a reasonable calculation of latitude can be in ocean navigation. Of course, the more accurate that calculation is, the more useful it will be. With 21st-century barefoot navigation I think we will allow ourselves a little of our own special knowledge and use the stars (see below) and the sun to get a more precise calculation of our latitude.

We are already familiar with the use of the word altitude to mean the apparent height of the sun above the horizon expressed in terms of the number of degrees subtended at the point on the surface of the Earth from which you are making the measurement. We now need to introduce some terms that will already be familiar to those who have studied celestial navigation. First of all, our zenith is the point on the celestial sphere directly above our heads – in other words, 90° up from the horizon. The zenith distance (see general schematic in Figure 3.16) is the number of degrees between the sun and our zenith. We don’t need to measure this; if we subtract the altitude of the sun from 90° we will have the zenith distance. For example, if we measure an altitude of 50°, then the zenith distance must be 40° (90° – 50° = 40°).

If the sun is not exactly overhead and we can see it above the horizon, then the altitude will be a positive value. If we subtract that from 90 then we will get a positive zenith distance. However, if the sun is to our north when we are looking south we have to treat the zenith distance as being negative. The purpose of this is to ensure that when we have performed our calculation, the resulting latitude is plus or minus; this tells us if it is north or south, respectively. This will become clearer when we look at some worked examples.

We need to add or subtract one further number to or from the zenith distance to get our latitude, and that value is called the declination of the sun. We have come across this before when we considered the way in which the rising and setting points of the sun vary from 23.5°N to 23.5°S and back again throughout the year. (The exact figure is 23.45°, but barefoot navigators don’t do one-hundredths of anything.) This cyclical change is caused by the fact that the Earth leans over by 23.5° and so, as it orbits the sun, it sometimes leans towards it and sometimes leans away. The declination is the amount of that ‘lean’, if you like.

The declination is different for each day of the year. This means we need a table of all the possible values – and that’s the ‘special knowledge’ we’re inheriting. Table 3.2 includes values that are accurate enough for 2016 to 2019. The declination doesn’t change very quickly, so there are entries for intervals of four days only. Positive values are north of the Equator, negative values south.
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Figure 3.16: Calculating latitude from the altitude of a celestial body. The sun is to the south of the observer.


Table 3.2 Declination of the sun for 2016 – 2019
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To look up a declination, find the month and then go down the column below it to the nearest date. If you are making an observation on a date that isn’t shown, you need to make an interpolation, or adjustment (you have a one-in-four chance of being right on the money). Let’s assume the date on which we are making the observation is 2 May. Look at the table; the nearest entries are for 30 April, followed by 4 May. The declinations for those dates are +14.6° and +15.8°, a difference of 1.2°. Divide that by two and you get 0.6°, which is near enough for our purposes. Add that to +14.6°, giving +15.2° as the declination for 2 May. The ‘+’ and ‘-’ tell you whether the declination is north or south.
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Figure 3.17: The navigator (looking south) measures the altitude of the noon sun at 30°.

Let’s take an example – we’ll call it Example 1. Figure 3.17 shows a navigator on a little boat using a device to measure the altitude of the noon sun. He is in the northern hemisphere (his last DR position was 42° N) looking south. It is winter, which means Planet Earth is ‘leaning back’. These are the four steps he needs to take to estimate his latitude:


Example 1





	1

	Use quadrant or backstaff to read the altitude (alt) of the sun at local noon.

	Example: alt = 30°




	2

	Subtract altitude from 90° to obtain zenith distance (ZD).

	ZD = 90° - alt 
ZD = 90° - 30° = 60°




	3

	Use Table 3.2 (or Appendix 3) to obtain the declination (dec) of the sun for date of sight.

	Date = 22 November 
Dec = -20.0° (South)




	4

	Subtract declination from zenith distance to obtain latitude. (Lat and dec are in opposite hemispheres.)

	Lat = ZD – Dec 
Lat = 60° - 20.0° = +40.0° 
Or 40.0° North









Does 40°N make sense? We are in the northern hemisphere in November, somewhere off New Jersey. Or off Shelter Cove on the California coast. It’s winter, so you’d expect the sun to be low in the sky at midday and, at 30°, it is.





	Situation A

	Situation B

	Situation C




	Lat and dec are in the same hemisphere but lat is greater than dec

	Lat and dec are in the same hemisphere but dec is greater than lat

	Lat and dec are in opposite hemispheres (as in Example 1 above)




	Lat = Dec + ZD

	Lat = Dec - ZD

	Lat = ZD - Dec









 Example 2





	1

	Use quadrant to read the altitude (alt) of the sun at local noon.

	Example:alt = 65°




	2

	Subtract altitude from 90° to obtain zenith distance. The sun is to the north.

	ZD = 90° - altZD = 90° - 65° = +25°




	3

	Use Table 3.2 (or Appendix 3) to obtain the declination of the sun for date of sight.

	Date = 9 JanuaryDec = -22.2° (South)




	4

	Add declination to zenith distance to obtain latitude. (Latitude is greater than declination.)

	Lat = Dec + ZDLat = +22.2° + 25° = + 47.2°Or 47.2° South
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Figure 3.18: The navigator (looking north) measures the altitude of the noon sun at 65°.

You can’t use the above worked example for all situations. It’s correct for all cases where your dead-reckoning position and the sun’s latitude (determined by its declination) are in different hemispheres. So the equation shown in Step 4 above (Lat = ZD - Dec) only applies where your latitude is North and the sun’s latitude is South, or vice versa: you are south of the Equator and the sun is to the north. There are two other equations you need to know about. The following table shows all three together:


Example 1 is Situation C because the observer’s latitude is north of the Equator (about 40°) but the sun’s latitude is south of the Equator (at -20°). Let’s look at an example of Situation A. We’ll call it Example 2. The four steps are the same, only the equation in Step 4 is different.

This time our unshod navigator is in the southern hemisphere. Her last DR position was somewhere around 55° S and she urgently wants to check that. The sun is to her north, of course. It’s 9 January, still the height of the southern summer.


It’s a good job our navigator decided to check her position; her assumed position from dead reckoning was way off.

The arithmetic involved in getting a latitude from the noon sun is not too challenging, but some care is needed in choosing the appropriate equation for Step 4. The final worked example, Example 3, has our little boat at about 10° North – closer to the Equator than the sun on 16 May. Declination is greater than latitude and both are in the same hemisphere. This is Situation B in the table above.

 

Example 3





	1

	Use quadrant to read the altitude (alt) of the sun at local noon.

	Example:alt = 80°




	2

	Subtract altitude from 90° to obtain  zenith distance. The sun is north of the equator.

	ZD = 90° - altZD = 90° - 80° = +10°




	3

	Use Table 3.2 (or Appendix 3) to obtain the declination of the sun for date of sight.

	Date = 16 MayDec = +19.0° (North)




	4

	Subtract zenith distance from declination to obtain latitude. (Dec is greater than lat.)

	Lat = Dec - ZDLat = +19° - 10° = + 9°Or 9° North







How accurate do you think 9°N is going to be? I avoided putting more than one decimal place in the declination table because I didn’t want to mislead you about the likely precision of the result. The controlling factor is the altitude as read by you in a force 5 on a small boat using your improvised quadrant. Using something like a small school protractor you’ll never do much better than one degree – 60 nautical miles. With a larger quadrant and a printed scale you should try to get a quarter of a degree – 15 nautical miles. Not much good for port pilotage, but at least it tells you where you’re not. As a navigator called Lecky put it, ‘there is nothing so distressing as running on shore, unless there is also present some doubt as to which continent the shore belongs’.

Finally, there comes a time when you might have to give up on the declination table if you’re between the Tropics of Cancer and Capricorn and the sun is overhead (Figure 3.19). When you’re in the northern hemisphere looking south and the sun is grilling the back of your neck you’ll have to resort to assuming the altitude is 90° (a zenith distance of 0°). This is also true of navigators in the southern hemisphere looking north. Don’t feel too bad about this; experienced wayfinders wielding sextants have the same problem.


‘Actually, such a sight is virtually impossible to get because the sun is whizzing by from east to west and, as you swing the arc, you have to spin around in a complete circle.’ (Hewitt Schlereth)143


The sun declination table in Appendix 3 is also shown in a reduced format in Appendix 4. The idea of the smaller copy is that you can photocopy it, laminate it and keep it in your survival kit or stick it to the reverse of your quadrant. The table changes only slightly year on year, so this one is good for 2016 through 2019.
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Figure 3.19: The navigator struggles to get any kind of altitude.



Latitude Using the Stars

It is worth considering why the noon sun shot is such a relatively straightforward way of obtaining the latitude of your position. Without a sextant, though, is it much less accurate than working with the meridian passage of the stars. We have already mentioned the concept of the meridian. Your meridian is a line that runs from the North Pole through your zenith (directly overhead) and on to the South Pole (see Figure 3.16). When the sun is at its highest altitude of the day, local noon, it is right on your meridian. This simple consideration means you don’t have to get involved in tricky spherical geometry.

Keeping it simple by keeping it on the meridian is a very barefoot concept and the good news is that it applies to the stars as well as the sun, so now you can check your latitude more frequently if sailing at night. This does not mean that you are likely to be moving very quickly, but if the sun was obscured around local noon it might have been some time since you last checked. If your course strategy is based on running down a latitude and you have a cross-current to deal with, you will become more than a little preoccupied with staying glued to your chosen track.

The principle of working with a star is the same as that of using the sun. Let’s assume we have a good clear night; Mintaka in the constellation of Orion helped us to verify our course, and it can help us with our latitude too. The procedure for monitoring its progress towards your meridian is the same as for the sun. Periodically check the altitude of the object with your quadrant or cross-staff. As the increase in altitude slows down, increase the frequency of checks until it seems it is not increasing any more. You should be making notes of the altitude at this point, if you can. The first time the altitude decreases, you know you have the reading for your meridian.

Now here comes the arithmetic. If Mintaka is to the south of you, subtract the altitude from 90° and you have your latitude. For example, an altitude of 55° tells you that you are on latitude 35°N. If Mintaka is in the sky to your north, however, then you are at 35°S (in other words, just change the sign of the zenith distance from plus to minus). No, I didn’t forget to allow for the declination – that only applies to the sun; consider that a huge bonus for working with stars. If you can’t see Mintaka, you can use this procedure with any other bright star that looks as though it’s going to be easy to locate as it crosses your meridian. However, when you are in northern latitudes you must use southern stars and vice versa – that is, below the Equator choose a northern star.


There is another way of using the stars for the latitude that doesn’t involve the use of the quadrant. You may recall that the angle at which stars rise above the horizon depends on the latitude of the observer. Figure 2.33 showed Orion rising when seen from 40°S; the angle its course makes with the horizon is 40°. The implication of this is that if you can measure this angle then you have a ready-made latitude. Sadly though, an accurate reading of the angle is only possible once the star has risen a reasonable distance from the horizon – and by then you will have a problem identifying the point at which it emerged.

Making a Sun-Shadow Board

In Part 1 I described how I thought Viking navigators could have made a sun-shadow board and how it might have been used for staying on the desired latitude when crossing the northern reaches of the Atlantic Ocean between Norway, Iceland, Greenland and Vinland. These devices were also used by the Arabs for finding their way across deserts. They were used as recently as World War II, when British Special Forces units operating in North Africa fitted them to their trucks and jeeps.144


Appendix 5 shows a schematic for a sun-shadow board you could make yourself. You need a piece of wood about 1.5 cm (½ in) thick from which you can cut a circle about 8 cm (3 in) in diameter. The wood needs to be light in colour so that the markings and the shadow are as clear as possible; should that be a problem, you might have to consider painting the ‘face’ with waterproof white paint. The top of the board must be dead flat, and you can and should check that using a straight-edged ruler held across it at a variety of angles.

Once you have prepared the board, use a pair of drawing compasses to inscribe a series of circles as shown in Appendix 5. These need to be as accurate as you can make them. Next to each one write the latitude to which it refers. If you do this on paper rather than directly onto the board you can glue the scale to the top of the board and apply a couple of coats of clear varnish to protect it from the weather and the sea.


Next you need to make the gnomon, the shadow-pointer. This needs to be about 7cm (1¾ in) in length, no more than the thickness of a pencil and pointed at the top. Now comes the chore of marking the side of the gnomon every 1mm from the top for 55mm (2 in). To make it easier to read, inscribe a longer mark at each centimetre. The best way to make the marks is by using a scalpel or sharp knife, carefully cutting thin notches into the wood. This is to prevent the marks being erased whenever you adjust the height of the gnomon in the hole you now need to drill right in the centre of the disc – at the exact point from which you measured the radius of the circles. The hole needs to be pretty much a perfect fit for the gnomon – big enough for you to be able to adjust the gnomon to the nearest millimetre mark, tight enough for it to keep it in place when you use the board.

The next item is a luxury feature. A common complaint about the sun-shadow board is the need to keep the top surface as horizontal as possible. Let’s rule out using beer bottles and buckets of water and go for a small spirit level, the type that holds the liquid in a bubble of glass or clear plastic. These can be found in most DIY stores. Drill a recess into the top surface of the disc so that it will fit snugly. Place the disc on a flat work surface and check that it is absolutely level (maybe using a carpenter’s spirit level). If the top and bottom surfaces are not parallel, slip pieces of paper under the edge of the disc until the top surface is horizontal; it is the top surface that is important here. Now drop a little glue into the recess and press the spirit bubble into place, making certain that the bubble of air sits squarely inside the ring marked on the top of the glass.

The handle underneath the board needs to be hollow so that you have a means of pushing the gnomon upwards if it gets a little stuck. The best solution for this is probably a length of plastic plumbing pipe with the right internal and external dimensions. It can be superglued to the bottom of the board over the hole. A few coats of varnish will finish the whole thing off.

Finally, you need to know how to set the height of the gnomon for the day of year. So that you don’t need to sit on a draughty mountain overlooking a Norwegian fjord to do this, I have created a table, and this is included as Appendix 6. Look up your date of departure and set the height of the gnomon to the number of millimetres shown. For example, if you are leaving on 16 July and planning to follow a latitude of 40°N, then you need to set the gnomon to 45mm (1¾ in). Values are shown for every four days (to save space), but if you are delayed by bad weather and are only able to leave on the 18th, then split the difference between the 16th and the 20th – 45mm and 43mm – and adjust the gnomon so it has a height of 44mm. The scale is in whole millimetres because I’m not confident that it’s really possible to calibrate the gnomon any more accurately.

Take a look at the height setting for the anticipated length of your voyage and you will see that an adjustment may have to be made every day or so. For example, if you are leaving on 16 July and have an ETA of 5 August, you will need to remember to reduce the height of the gnomon by 2mm before you take each noon shadow reading. This adjustment varies according to the time of year, so you can leave the height at 8mm (¼ in) for the whole of December (if on latitude 40°). If you are going to follow a latitude for which there is no circle on the board, then you will have to guess the intermediate values. Note that the instrument is not very effective at latitudes less than 35° or more than 60°.

This device is far more complicated than anything the Vikings (or any other ancient seafarers) may have used, but that added complexity comes from increasing its geographical coverage. It is a lot more straightforward if you are only interested in one or two specific latitudes.

____________________


a The device was first described by Captain John Davis in his 1585 book The Seaman’s Secrets and was often referred to as the ‘Davis quadrant’, probably because it could measure almost 90°.



Longitude
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The Ubiquitous Quartz Watch

It seems that lines of latitude did not appear on charts until the Greek astronomer Claudius Ptolemy published his ‘world atlas’ in the second century CE. Ptolemy proposed that everything whizzed around the Earth, and this made him either ultra-conservative in the grand scale of things or, if you wish, remarkably prescient in anticipating the essential navigation concept of the celestial sphere. Sitting in the Egyptian port of Alexandria working on the meticulous detail of his atlas – and no doubt cursing deadlines and budgets – Ptolemy never knew how fortunate he was that his world did not go far beyond the Mediterranean. Nevertheless, his maps did include both latitude and longitude. Perhaps he thought he would get around to solving the longitude problem once the atlas was published.

So, how about a little barefoot longitude calculation to go with all that latitude you have been estimating? The only additional ‘instrument’ you are going to need for these methods is a reasonably good quartz watch set to Greenwich Mean Time (GMT) or, as it is now formally known, Universal Time (UT). You will mostly see this written as ‘UTC’, which means Universal Time Corrected. From now on I will refer to ‘UTC’ except when I want to reinforce the point that it refers to the time at Greenwich in London, when I will call it ‘GMT’.

Latitude indicates where we are north or south of the Equator. Longitude tells us where we are east or west of the Greenwich meridian – an arbitrary circle that circumscribes the Earth passing through both Poles and the Greenwich Observatory on the south bank of the River Thames in London. It is there because the Brits were taking the lead on this longitude thing and obviously were not going to draw it through Paris or Madrid.

If you have read Dava Sobel’s inspired and inspiring book Longitude145 you will understand that longitude is all about time. To calculate a longitude anywhere in the world, you need to know, as accurately as possible, the time at Greenwich. In the heady days of European exploration and voyaging most clocks were ‘powered’ by a pendulum. These were of course intended to be firmly fixed to a wall or to stand on the steady floor of a house; they were not designed to cope with the pitching and rolling of a ship at sea. In those days, a ship’s pendulum chronometer set exactly to GMT in the Port of London would be inaccurate before the shore lines were coiled on the deck.


Longitude tells the remarkable tale of a fine Yorkshire clockmaker called John Harrison (1693–1776) (Figure 3.20). Harrison struggled for years to design and build a clock that would work on a ship and which would be accurate enough to be used to calculate longitude to half a degree anywhere on Earth. The reward for success was impressive; the British government was offering a prize of £25,000, a king’s ransom in those days. After decades of not quite getting it quite right, the determined Harrison eventually put up ‘Chronometer Number 4’ for testing. The chronometer was installed on a ship due to depart on a round trip to Jamaica. On its return it was found to be five seconds late – equivalent to 1.25 minutes of arc, which was well within the jackpot-winning target of 30 minutes of longitude.
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Figure 3.20: John Harrison (1693–1776). See the H4 on the table. After winning the Longitude Prize, Harrison could afford a new wig. Engraving by Philippe Joseph Tassaert after a 1767 painting by Thomas King. Public domain.

John Harrison would have been fascinated with the quartz crystal used to drive modern clocks and watches. These rarely vary in accuracy beyond plus or minus one second in ten years. The clocks themselves are, of course, much less accurate, but that is because of the variable quality of the engineering that converts the timing signal into pointing hands or numbers that the owner can read.

As so many people throughout the world now have one of these strapped to their wrists, I will add it to the barefoot navigator’s toolbox. The one I keep in my personal survival kit is a medium-priced Sekonda Xposé. A few years ago I was working in Bosnia and the Sekonda, which I wore as a regular watch back then, decided to stop. I was unable to find a shop where I could get the battery replaced, but I was able to bluff my way into a Norwegian PX (a store for military personnel and aid workers) and got a very good price on a new Casio. I later removed the straps from the Sekonda, set it to UTC and tucked it away in my survival kit. Attached to the watch is a waterproof key fob that contains a piece of paper on which is written ‘UTC Error = +10s’. This does not mean the watch isn’t accurate, it simply means it is impossible to adjust the second hand.

Let’s assume that you are about to set your watch to 0800 UTC. You pull out the little button and twiddle it until the minute and hour hands are showing eight o’clock. But the second hand is not adjustable and, in my case, it pointed to ten seconds after the hour. (My new watch automatically resets the second hand to 12 when I pull the button out.) You are tuned to a broadcast radio station that does time checks and, as the last pip sounds, you push the button in and the watch starts working again – but it is ten seconds fast. Those ten seconds are fairly critical, so you need to make a note of this ‘error’. You can use a piece of tape stuck to the back of the watch or, as I did, a key fob attached to one of the bars to which the strap used to be fixed.

The only thing you need to worry about now is the battery life. This can be anything between one and two years according to the watch, so also make a note of the date on which the battery was last replaced. I always travel with a spare battery and one of the tools jewellers use to remove the back from a watch. Whenever the battery is renewed, remember to reset the watch to UTC using a broadcast time signal.

Do not believe the propaganda. You cannot get a longitude at sea using ‘comfort zones’ or tortured dogs.146


Using the Sun at Noon

Essentially, the difference between the time where you are and the time at Greenwich will provide you with your longitude. That is why you need the watch. Each hour of difference represents 15° of longitude measured east or west of the Greenwich meridian (because the Earth rotates about 360° in 24 hours and 360/24 = 15). Greenwich is the 0° meridian of course.

The watch gives you the essential head start because all you have to do is look at it and, after making any adjustment for ‘errors’ associated with the second hand, you’ve got the time at Greenwich. What about local time? Clearly you need to time some event that happens at Greenwich and that, earlier or later depending on where you are, also happens where you and your boat are sitting. This is where the sun comes in. The sensible convention is to use the sun at noon. The most obvious reason for this is that 1200 (12pm) GMT was originally defined by the transit of the sun, when at its highest point, across the Greenwich meridian. The less obvious reason is that you are already using local noon to determine your latitude. When you look at your quartz watch and it reads twelve noon, you know that the sun transited the Greenwich meridian at that very instant, more or less. Calculating your longitude, therefore, is based on you timing the sun (using the same GMT watch) passing through your north-south meridian (see Figure 3.21).
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Figure 3.21: Getting a latitude and a longitude from the altitude of the sun at local noon.

Let’s take an example using round numbers. You monitor the passage of the sun, waiting for it to reach its highest point, at which point you note the time. The watch reads 1500 (3pm). So, three hours ago, the sun was above the Greenwich meridian. The Earth rotates at 15° per hour, which means that you are 3 x 15 = 45 degrees west of Greenwich – somewhere in the middle of the Atlantic, anywhere between Cape Farewell at the southern tip of Greenland and the Amazon basin. At this stage you know the altitude of the sun, so you will be able to narrow things down with a latitude.

Here is another example: at local noon your chronometer reads exactly 0400 (4am), placing you on 8 x 15 = 120, or longitude 120°E. If you are also on latitude 15°S, this places you off the north-west coast of Australia.

That probably seems painless enough, but there are some issues that need to be resolved. How do you know whether you are east or west of Greenwich? How do you deal with any ‘error’ in the watch? And how do you know exactly when the sun is crossing your meridian?

You are west of Greenwich if the time on the watch is greater than the equivalent time at the longitude of 0°. In the first example, 1500 is greater than 1200, so you are west. There is a handy aide-memoire: ‘Best is West’. In the second example, 0400 is less than 1200, and ‘Least is East’.

If your watch is running fast by ten seconds, noon GMT is actually when your watch reads ten seconds before 1200. On the Equator, 1° of longitude is 60 nautical miles, and therefore one minute of arc is 1 nm, or 1,853 metres (6,079 feet). If you forget about the ten seconds, then you are already one-sixth of a mile out of position. This barefoot method is not accurate enough for you to be able to disregard such a discrepancy.

In a perfect universe, the Earth would be dead upright, would rotate precisely 360 degrees in each 24 hours and would circle the sun unerringly every 365 days (or even better, that number would be some decimal value like 1000). By now you should be used to the fact that in reality the world is tilted and burps and twitches its way around the sun. Its course is not a circle but an ellipse and, as our Japanese quartz watch ticks on with admirable accuracy, our planet whizzes through space faster in summer than it does in winter. As a consequence of this ‘unintelligent design’ we have to make an adjustment that could be as much as 16° and which is, therefore, far more significant than any error we might get from our second hand.

This difference between what our watch is doing and what the Earth is doing is called the ‘Equation of Time’ (EoT). This is shown as a table and a graph in Appendices 7 and 8; like the declination of the sun, this is an important date-related variation that we need to keep in our survival kits. Tables for the declination of the sun and the Equation of Time look very similar – be careful not to confuse them. An important difference is that the declination varies very slightly from year to year whereas the EoT is perennial – it doesn’t change at all. Another difference is that the declination is an angle whereas the EoT is in minutes of time.

The table in Appendix 8 shows the numbers for every four days of the year; once again, for intermediate dates you will need to interpolate between the nearest values. The graph in Appendix 7 plots those values and from this you will see that the changes follow a double-peaked curve. That is worth studying. An innovative navigator called Tony Crowley has even come up with a poem that might help, should you become separated from the graph or the table:

14 minutes late around St Valentine’s Day,

4 minutes early in the middle of May,

6 minutes late near the end of July,

16 minutes early when Halloween’s nigh.

The differences last about two weeks,

Around these pairs of troughs and peaks.147



Calculation of Longitude from Time of Local Noon on 5 May





	Time of Solar Transit

	16h 21m 50s




	Watch error

	-20s




	Corrected time

	16h 21m 30s or 16h 21.5m




	Equation of Time

	+ 3.3m




	Apparent Solar Time at Greenwich

	16h 24.8m




	Local Solar Time

	12h 00.0m




	Time difference

	4h 24.8m




	Estimated longitude

	66 ° 12m W









If you have a calendar or a diary, there is enough information there for you to be able to make a rough reconstitution of the graph in Appendix 8. Note that ‘early’ means ‘+’ and ‘late’ means ‘-’.

Now down to business. Timing the transit of the sun across your meridian is the most difficult – and crucial – part of this method and you need to concentrate on getting it right. Get out the quartz watch, pencil and paper and your backstaff or quadrant. (Don’t look at the sun through the sights without protecting your eyes – use the gnomon.)

A few minutes before noon local time you are going to start taking altitudes of the sun and timing them using GMT. You need to take a reading every 20 seconds and write it down, so this is a job best done double-handed, if sailing with a crew. Your helper calls out ‘Mark!’ at each 20 seconds and you call back the altitude. She writes this down next to the time. When you start, the numbers should increase. When they start to decrease, you can stop and perform the calculation. (Yes, this is the same process you used to work out your latitude, so you are going to get two co-ordinates for the price of one.) To estimate your longitude you are looking for the Universal Time (UTC) at which the altitude of the sun was at its greatest. You already know how to calculate the latitude from the altitude.

Here is an example of the calculation you need to perform to obtain longitude:

1.   Write down the time of local noon. Let’s assume you get two altitudes of the sun that are the same, one at 16h 21m 40s and the other 20 seconds later at 16h 22m exactly. Split the difference, so that your assumed Time of Solar Transit is 16h 21m 50s (UTC of course). Write that down.

2.   Apply any watch error you might know about. In this case the watch is 20 seconds fast, so you need to subtract that to get a corrected time of Greenwich noon. You are working in seconds here, so it would be useful to convert to fractions of a minute: 16h 21m 30s becomes 16h 21.5m.

3.   Look up the Equation of Time for the date of the sight, 5 May. In this case, you don’t need to interpolate and the EoT is +3.3 minutes; add this to the corrected time of the transit, giving 16h 24.8m as the apparent solar time. The difference between that and 1200 (noon) is 4h 24.8m.

4.   Convert to degrees and minutes of longitude – one hour = 15 degrees, 4 minutes = one degree – and we get an estimated longitude of 66° 12m. Greenwich is ‘best’, so we add ‘W’ for west.

Now you can calculate the latitude using the method described earlier and, with care and practice, you will have a reasonable estimated position.

Using a Compass

There is another particularly useful method of estimating noon sun; this involves the use of a magnetic compass. (You will still need your UTC watch of course.) The transit of the Sun across your meridian can be determined by finding its greatest altitude, and we can use an ‘altitude measurer’ to do that, as described in the previous section on ‘Latitude’. But when the Sun is at its highest, it is also due south – at 180˚. To determine that direction, we need a ‘bearing measurer’ – a compass, in other words. This is where a potential problem arises.

Most compasses are not happy being angled up or down by more than a few degrees. There are hand bearing compasses that incorporate a prism that enables you to ‘bring-down’ the object (in this case the sun) towards the horizon. If you do not have one of these, you will have to hope that your compass can be tilted enough to cope. In higher latitudes the sun will probably be low enough in the sky for you to be able to manage with a conventional hand bearing compass or even, in a survival situation, with a compass designed for use on land. This is no great tragedy because quadrants and backstaffs work better when the sun is arcing high across the sky and giving a more definite point of reversal. When the sun is low and flatlining its way along the horizon the compass comes into its own. As we will see, it can also be used when the sun is not visible at all at noon.

Some binnacle compasses installed on bridge wings include a gnomon, which casts a shadow across the scale whenever the sun is open for business. If the vessel is not pitching and rolling over much this can be the easiest way of taking a bearing.
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Figure 3.22: Sun bearings for meridian passage.


The principle involved is straightforward: you take timed bearings of the sun before and after noon, then use that to deduce the time of the transit. In practice it is recommended that you take a series of timed bearings and average these out. Here is how to go about it:

•   On a sheet of graph paper mark a range of bearings along the Y-axis (the vertical one).



•   Mark some intervals of time along the horizontal X-axis.

•   Plot the bearings by time as shown in Figure 3.22.

In our example, six bearings were timed over a period from 1147 to 1159. After all of these were plotted on the graph paper, a ruler was used to ‘average’ them. Where the line crosses the 180° line we have our local noon timed according to UTC: 1151h 30s.

The next step is to perform the calculation for obtaining our longitude. It is the same method used when starting with an altitude, and the example in the table below shows that on 11 April we are near 02° 30min E, somewhere in the North Sea:

 

Calculation of Longitude from Bearing of Local Noon Sun





	Time of Solar Transit

	11h 51m 30s




	Watch error

	-18s




	Corrected time

	11h 51m 12s




	
	or 11h 51.2m




	EoT for 11 April

	- 1.2m




	Apparent Solar Time at Greenwich

	11h 50.0m




	Local Solar Time

	12h 00.0m




	Time difference

	0h 10.0m




	Estimated longitude (Greenwich is ‘least’)

	2° 30m E









 

Sadly, though, things are rarely quite that simple. Obviously we have allowed for the ‘error’ in our handy pocket chronometer. What we must also take account of is any variation and deviation in the compass. Variation is the difference between true north and magnetic north; this varies according to where you are in the world. It also changes with time. Clearly you need to have this information to hand, but even if you are adrift at sea, it is unlikely to have changed much since you said goodbye to your yacht. Deviation is a more serious irritation than variation because it is caused by magnetic influence on the boat itself. If you are still on the boat then you should have something called a ‘deviation card’, which tells you what adjustment to make for each point of the compass. You must try and get this resolved because it could adversely affect your bearing of the sun by as much as tens of degrees. Once you know the compass error it is a relatively simple matter to add it to or subtract it from 180° to get what is effectively a new meridian. For example, an error of -5° degrees gives you a new meridian of 175° and you can read the time of the transit from that line on the graph.

The good news out of all this is that you do not need to be able to see the sun at local noon to get a longitude. Let’s assume you have a miserable, cloudy day. You don’t have a Viking sunstone to hand and it looks like you will not be able to update your estimated position for a while. Then, just before noon, the sun comes out and you grab your bearing compass and GMT watch. You manage to time two bearings (at 1147 and 1149 in the example shown in Figure 3.23) before the cloud covers the sun again. Will it be enough? Two bearings are, of course, the minimum, but if you think they were reasonably accurate, plot them; then draw an extended line through them and read your time of transit from that. Use every opportunity that you can; after all, the sun may appear again shortly and you will be able to draw a better graph using both sets of bearings.
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Figure 3.23: Sun bearing for meridian passage (projection).

Longitude by Polar Stick

There is a third way of obtaining a rough longitude and it does not involve the use of compass, quadrant or backstaff – but you will still need the quartz watch set to GMT and the table, graph or poem for the Equation of Time.

This method relies on the fact that each day the sun rises and sets on the same latitude. You need your polar stick (if you made one) or a piece of wood or a knotted length of line. In the morning, as the sun is climbing into the sky, use your simple instrument to determine when it has reached an easy-to-check altitude. Note the time at Greenwich. As the sun begins to descend, keep checking its altitude until it has reached the same height as your morning sight. Note the time again. Subtract the morning time from the afternoon time, halve it and add it to the morning time. Now you have a rough estimate of the time the sun transited your meridian. Apply the EoT for the date of the sight, subtract the result from 12 hours and convert to degrees and minutes of arc to obtain your approximate longitude.

This is probably the crudest of methods but, done with care, it might be critically helpful in a survival situation. If it is not the crudest of methods, then the one that uses the star Kochab might be.

A Minimalist Longitude using Kochab

The acclaimed poet Tony Crowley (who gave us the doggerel for remembering the Equation of Time) is also an enthusiast for barefoot navigation. He invented the Polarum, a device for measuring the rotation of the northern circumpolar stars, from which the observer’s longitude can be calculated. The Polarum is a work of art that incorporates prisms, light-emitting diodes and a spirit level. It is not something that you can improvise on a boat, but you might want to read about it in the back issues of Practical Boat Owner.148


However, Tony Crowley also has a method of obtaining a longitude from the circumpolar stars with little more than a UTC watch and some arithmetic. This is based on the position of the bright star Kochab in relation to Polaris. Kochab is relatively easy to find – it is at the opposite end of Ursa Minor from the Pole Star (see Figure 3.24). Consequently, it rotates around Polaris once every 24 hours. To measure the angle Kochab makes in all its positions would be impossible without an instrument (hence the Polarum), but that is much less of a challenge when it is vertically above or below Polaris, or to the left or right of it by 90°.
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Figure 3.24: The position of Kochab.

This is a method that only works in the northern hemisphere, and you have to be far enough north if you are going to use Kochab when it is at 180° from the meridian, vertically below Polaris (see Figure 3.25).


To use the technique, the navigator has to obtain the UTC time at which Kochab is in one of the four ‘square’ positions in relation to the Pole Star: vertically above, 90° east or west, or vertically below Polaris at 180°. Tony Crowley proposes a number of different ways in which these positions can be checked. A plumb line can be used for the vertical positions, as can something with right-angled edges, like a book. Place once edge along the horizon and try to align the other with the two stars. A carpenter’s spirit level can be used to check the east and west positions. Being able to see the horizon obviously helps, especially if it is reasonably close to Ursa Minor; Crowley even proposes that with some experience it is possible to make a reasonable estimate of an alignment just by ‘eyeballing’ the stars.

Now here comes the calculation. When I described this method as a ‘minimalist’ approach to getting a longitude, I was referring to the technology. Even so, the calculation is not particularly difficult, but there is a key piece of information that you need: the Greenwich Hour Angle of Aries. If you can’t look this piece of data up in an almanac, you will have to do some additional arithmetic. First, though, you need to know what it is.
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Figure 3.25: Alignment of Kochab with the meridian.

The position of a celestial object is determined by its declination (its angle above the celestial horizon) and by how far its geographical position is around the globe from Greenwich (the equivalent of its longitude). This is called its ‘Greenwich Hour Angle’ (or GHA), and this changes according to the date and time. There are some 57 celestial objects that are used for navigation purposes; if GHA tables were included for each of these, then nautical almanacs would weigh more than your anchor. Because the distance between the stars doesn’t change (well, not perceptibly), a different approach is employed. Almanacs include GHA tables for Aries so that at any one time you can look up its current position around the celestial sphere. This is measured from the exact point at which Aries rises above the celestial equator. Don’t spend too much time on deck looking out for this Aries – it doesn’t exist any more. The original star used for this purpose drifted too far off target to do this job and the starting gun now fires when a notional point in the blackness crosses the celestial equator.

Now ‘Aries’ has set the pace, the position of all the other stars is given in relation to the GHA of Aries. You should be familiar with the Nautical Almanac, but if you are not, each page includes entries for each hour over three consecutive days. Aries is on the same page as the planets, the sun and the moon, and is in the left-hand column. On the same page is a list of the stars used for navigation, each with its declination and something called the ‘Sidereal Hour Angle’. The SHA is the angle the star makes with Aries. If, therefore, we are going to calculate our longitude from Kochab, we need to know the GHA of Aries at the time we recorded Kochab passing the four cardinal points around Polaris. If you don’t have an almanac to hand, you will have to work it out some other way, and I’ll return to that a little later.


Once we have the timing of Kochab and the GHA of Aries, the calculation is very straightforward. Here is Tony Crowley’s method:

1. Write down the GHA of Aries at the time of the Kochab observation.

2. Add 137° 33.0 for the angular distance between Aries and Kochab. Kochab varies a little, but the average of 137° 19.2 is fine for our purposes. Tony Crowley recommends 137° 33.0 to remove a small discrepancy caused by the latitude of the observer.

3. Add or subtract 0°, 90° or 180° according to the position of Kochab in relation to Polaris (90° East is -90°; 90° West is +90°).

4. If the result is more than ± 360°, subtract 360°.

5. The result of that is your longitude east of Greenwich (if negative) or west of Greenwich (if positive).149


The table below is a worked example. On 2 June 2007 a navigator times Kochab going through the 90°W position in relation to Polaris at 1001 GMT. What is his longitude?

 

Longitude from Kochab





	GHA Aries at 1001 GMT:

	40° 30.0




	Add SHA for Kochab: GHA Kochab:

	137° 33.0




	
	-----------------




	
	178° 03.0




	Which position? Add 90° for Longitude West: Longitude West:

	+ 90° 00.0




	
	------------------




	
	268° 03.0




	Subtract from 360° for Longitude East: Longitude East:

	-360° 00.0




	
	------------------




	
	091° 57.0








Given the inherent inaccuracies with this interesting barefoot method, we can assume that our navigator’s position is longitude 92° E combined with whatever latitude he got from Polaris while he was looking at that part of the sky.

Now we have to return to the problem of finding the GHA of Aries. If you have no access to an almanac and are unable even to call a friend then it becomes necessary to calculate it from a known value. That known value needs to be a previous date and time at which Aries transited the Greenwich meridian. What follow are rough approximations, but they are better than nothing and they are easy to remember. On 21 September each year Aries transits Greenwich at the following times:

•   2255 in a leap year;

•   2356 in the year after that;

•   2357 in the year after that one; and then

•   2358 in the last year before we have another leap year.

What you have to do next demands some care and patience and a prayer that you are making your observation of Kochab before the end of October.

1.   For each day since the known transit, subtract four minutes and add four seconds.

2.   For each hour between the transit at Greenwich and the time of the Kochab observation, multiply by 15.05°. Multiply each minute by 0.25°. The result is the GHA of Aries.

3.   If the observation of Kochab is before the time of the Aries transit, subtract 360°. Again, the result is the GHA of Aries.

The table below is another worked example of a calculation. Kochab was timed at 2358 on 6 October 2008, which is a leap year. What was the GHA of Aries at that time and date?

 

Calculating the GHA of Aries





	Greenwich transfer of Aries on 21 September 2008

	2355




	6 October 2008 is 15 days later (subtract 15 x 4 minutes = -60 mins; add 15 x 4 secs = +60 secs) 

	-60 mins + 1 min = -59 mins




	Greenwich transit of Aries on 6 October 2008

	2355 -59 = 2256




	Difference between time of transit and time of Kochab observation

	2358 – 2256 = 1 hr 2 mins




	Convert from time to angle (1 hour = 15.05°; 2 mins = 2 x 0.25 = 0.50°)

	15.05° + 0.50° = 15.55°




	GHA Aries at 2358 = 15.55° (observation after transit)

	15.55° = 15° 33s








There is another way of performing this calculation, but it involves multiplying and dividing numbers to three decimal places – not something you would really want to do in a liferaft. Now that you have a value for GHA of Aries you can complete the calculation of a longitude from your GMT of Kochab.


A Combined Declination/EoT Table

The tables for the Declination of the sun (Appendices 3 and 4) and the Equation of Time (Appendices 7 and 8) are the essentials needed by the barefoot navigator if they are to obtain a reasonable latitude and longitude, two small tables (Appendices 4 and 8) replacing that bulky nautical almanac! But though we save weight, we sacrifice accuracy. Short of using a sextant there is no way of improving the accuracy, so I decided instead to save even more space by combining the two tables. Both of them use the same dates (every four days throughout the year starting from 1 January), so I combined them into a single three-column table showing date, declination and EoT.

The combined table is shown in Appendix 13. It is small enough to stick on the back of your DIY quadrant; if it isn’t, your quadrant is not big enough! For it to remain there intact, you can either experiment at length to find a waterproof varnish that neither destroys the ink nor turns the paper into an impenetrable brown, or solve the problem by buying a laminator. The laminated table can then be safely glued to the back of your quadrant.



Latitude, Longitude and Lunar Distances
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‘“Mark you,” said the American, “I should get it right with a couple of lunars. But there ain’t no moon: and my captain is most uncommon particular.”

“Position somewhat astray, maybe?”

“Position? Frankly, taking the average of the two chronometers, there ain’t no position, not as who should say position. Of course, with a couple of lunars I should get it right … but for fine work … for working through shoal water…”

Woodbine knew only too well what his colleague meant, and he suggested that they should compare chronometers. This they did: Surprise’s two Earnshaws agreed within fifty seconds: Delaware’s pair showed a much greater and increasing difference, so it was not surprising that the cocked hat, the triangle of uncertainty, should vary so. The question was, which, without a lunar, a good star observation or even better one of those lovely Jovian moons, should be trusted.’

(Patrick O’Brian, Blue at the Mizzen)150
a



You’ve already been given license to use an accurate watch, and if you have a means of measuring angles between objects in the sky, I suppose I should tell you about ‘lunars’ or ‘lunar distances’.

Before chronometers came along, lunars were the preferred method of finding a longitude.


‘In the seventeenth and early eighteenth centuries, the astronomical longitude-finding method which seemed to have the most promise depended on the fact that the moon moves comparatively fast against the background of the stars – approximately its own diameter (1 degree) in one hour. [JL: Half a degree is much closer.] Think of the moon as the hand of a clock and the sun and stars as time markers on the clock dial.’151


Before the arrival of affordable marine chronometers, lunars offered something that wounded dogs and transatlantic chains of cannon ships couldn’t: the time at the Greenwich Meridian! And if you have GMT (UTC) and your local time, fairly basic arithmetic will give you a longitude. What Patrick O’Brian’s two navigators are discussing is the use of lunars to determine which of their four Earnshaw chronometers is most accurate. That’s the general theory, but what needs to be done in practice?
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Figure 3.26: Measuring a lunar distance. Based on an illustration by the late George Huxtable.


First of all, getting a longitude by measuring a lunar distance is not a trivial undertaking, and by the time you’ve read this section, you’ll have total sympathy with the navigators of the Surprise and the Delaware. Resources are an issue; you need three people to take measurements simultaneously. That wouldn’t necessarily have been a problem on a warship in the Age of Sail, when you could line up the navigator, the navigator’s mate and perhaps a young midshipman who has already shown promise with the tools of the wayfinder’s trade. They might all be wielding expensive sextants. However, on a short-handed modern cruising yacht without a Human Resources Department it would be another story.

Figure 3.26 shows the three measurements that need to be made. The altitudes of the moon and the stellar reference object could be obtained using improvised quadrants. But I think the preferred device for measuring the distance between the moon and the reference object has to be a cross-staff; it’s easy to manipulate and can be preset to the distance you’re expecting. If the reference object is the sun, you might want to shoot that altitude using a backstaff.

That’s it. No, wait. You’ll also need the lunar distance tables produced by John Flamsteed and Edmond Halley back in the 17th century. So important were such tables in the search for accurate navigation methods that, in 1675, King Charles II established the Royal Observatory at Greenwich. He appointed 27-year-old John Flamsteed to the post of Astronomer Royal and ordered him off down the River Thames…


‘…forthwith to apply himself with the most exact care and diligence to the rectifying the tables of the motions of the heavens, and the places of the fixed stars, so as to find the so-much-desired longitude of places for perfecting the art of navigation.’152


The ephemeral tables would provide lots of work over many decades for the (poorly paid) ‘computers’ at the Royal Observatory. There is a page for each month; I’m looking at October 1772. Under that it says: ‘Distances of Moon’s Center [sic] from Sun, and from Stars west of her.’ The leftmost column shows the day of the month, then we get the reference object. For the first five days it shows the sun, then it goes on to Antares (in Scorpii). Then, for each day, the table shows the difference (in degrees, minutes and seconds) for noon, noon + 3 hours, noon + 6 hours and noon + 9 hours. So, with your lunar distance and some careful interpolation you should get the apparent time at Greenwich and from that your longitude. Remarkably, the use of lunars lasted well into the 18th century, but the death knell was sounded in 1906 when the Royal Observatory stopped publishing the lunar distance tables in the almanacs.

If you seriously want to try lunars for real, I recommend you download George Huxtable’s comprehensive 35-page paper on the subject and use that for further study.153
b
 But what about the lunar distance tables? You can’t use the old ones; they have in-built obsolescence. All is not lost though, as you can visit Mike Reed’s navigation website. Mike describes how a longitude can be obtained from a lunar distance using an online calculator.154 He even says this: ‘Lunars are not difficult. It’s not widely known that you can clear a lunar using nothing more than the tables in the Nautical Almanac and a basic handheld calculator.’ I have not tried this myself, but the detailed workings in his log look very convincing.

No one depends on lunars any more, but I suspect there’s a small, secret coterie of enthusiasts out there, somewhere. And they all look like Captain John Davis.

The final word on lunars will go to Captain Joshua Slocum. Though hardly a barefoot navigator – he relied on a sextant for his 1895–1898 solo circumnavigation – he did at least give lunars a try and was enthusiastic about the result:

‘I found from the result of three observations, after long wrestling with lunar tables, that her longitude agreed within five miles of that by dead-reckoning. This was wonderful; both, however, might be in error, but somehow I felt confident that both were nearly true, and that in a few hours more I should see land; and so it happened, for then I made out the island of Nukahiva, the southernmost of the Marquesas group, clear-cut and lofty. The verified longitude when abreast was somewhere between the two reckonings; this was extraordinary. All navigators will tell you that from one day to another a ship may lose or gain more than five miles in her sailing-account, and again, in the matter of lunars, even expert lunarians are considered as doing clever work when they average within eight miles of the truth...

The result of these observations naturally tickled my vanity, for I knew it was something to stand on a great ship’s deck and with two assistants take lunar observations approximately near the truth. As one of the poorest of American sailors, I was proud of the little achievement alone on the sloop, even by chance though it may have been...

The work of the lunarian, though seldom practised in these days of chronometers, is beautifully edifying, and there is nothing in the realm of navigation that lifts one’s heart up more in adoration.’155


Equal adoration for this achievement came from George Huxtable, who says, ‘The last exponent of the lunar art was probably Joshua Slocum, sailing Spray around the world single-handed.’ If true, that’s indeed a notable achievement.156 Credit also for coining the expression ‘lunarians’ rather than ‘lunartics’.

____________________


a This scene is set on board HMS Surprise during a friendly encounter with the USS Delaware while adrift in the Doldrums. It is fiction, but it is fiction set shortly after the defeat of the French at Waterloo and deeply rooted in the seafaring practices of the Age of Sail. I believe a conversation between two navigators in 1815 could have been just like this.


b George was a considerable authority on ‘lunars’. Sadly, he died in December 2011 shortly after pre-announcing his own departure on a mailing list for celestial navigators. His friend Colin Sutherland wrote this about him: ‘George was born just before the start of the 1939–45 war in Liverpool… Many years later he became a physicist and worked at Harwell Atomic Research Labs where I met him through a shared interest in sailing. He had developed a passionate interest in navigation and was to become a Fellow of the Royal Institute of Navigation. His particular interest was in [celestial navigation], in the practice of Lunars.’



Plumbing the Depths
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Knowing the depth of water under your keel is a major factor in lowering your personal stress level. Navigation without charts or with charts containing unreliable surveys of the bottom can benefit from an ability to plumb the depths. This is usually considered to be a pilotage issue, but I didn’t include this under the heading ‘Landfall’ in Part 2 because we need some rudimentary technology.

Regular soundings showing a consistent decrease in depth imply an approach towards land. A sudden decrease followed by another increase might tell you that you’ve just crossed the bar. Being able to ‘follow a contour’ of identical soundings might help you to stand off a dangerous coastline at night. In fog, knowing the depth of water under your boat might be the only helpful piece of information you have.
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Figure 3.27: Sailors aboard an 18th-century French frigate haul the lead. They seem to have two teams, probably doubling the rate of soundings as they approach known shallows. The matelot on the left is vigorously swinging the weight for his throw while the one third-left is retrieving the previous sounding. The plumbs were heavy and this was hard but important graft. Original engraving by Antoine Léon Morel-Fatio, Mesure du fond avec la sonde sur une frégate. From: La Marine, Pacini, 1844. Public domain.


The equipment needed has been well tested by our revered nautical forebears. The lead line or hand line has been defined as any line used to determine the depth of water a boat is passing over (usually just before it goes aground); traditionally, it is a lead weight of 7lb (a ‘sounding lead’ – about 3kg) connected to a line marked off with ties every fathom.


‘The proper way to mark a hand line is, black leather at 2 and 3 fathoms; white rag at 5; red rag at 7; white strip of leather, with a hole in it, at 10; and 13, 15 and 17 marked like 3, 5 and 7; two knots at 20; 3 at 30; and 4 at 40 with single pieces of cord at 25 and 35.’ (RH Dana, The Seaman’s Friend, 1847)

A ‘fathom’ (6 feet, or 1.83 metres) is, or was, an obsolete measure of depth. It originates from the Old English word for ‘embrace’, faedm, on the assumption that a man’s outstretched arms extended to 6 feet. But that is the least of our worries; all modern nautical charts have depths marked in metres. The real issue when we are bobbing about on the ocean in our liferaft is: where are we going to find black leather, white rag, red rag and white leather? And where did I put that 3-kilo ingot of lead? Maybe we could cannibalise those horrible trainers?


In my grab bag are two long lengths of ‘paracord’, a very strong and versatile line. I also have a bundle of plastic cable ties. The smallest of these will pull quite tightly onto the paracord and are a practical way of marking off the depths; they are even colour-coded. You don’t need to go to the same extent as Dana. The best advice is to work back from your main consideration: am I about to go aground? The first mark therefore needs to be, say, a metre below your keel. Remember to allow for the fact that you might be standing as you ‘swing the lead’ – or whatever it is that you have tied to the end of the line. The calculation might go like this: you draw 2 metres, but you are swinging from 2 metres above that. Now add 1 metre for safety and the first mark is positioned 5 metres above the lead. Now add some further marks at 5-metre intervals until you run out of cord or cable ties.

The traditional technique with the line was to swing the lead ahead from the bow and to let it settle before hauling it back again; the preferred technique for a shirker was to just ‘swing the lead’ and make a guess, thus saving the effort of pulling the lead back. (That was a misdemeanour that could get you a flogging because it put the ship and crew at risk.) The trick is to throw the weight far enough ahead that the lead is on the bottom and the line is vertical and tight below you as you pass over it. Then check the mark.

I was leaving a marina once and the American free-diver on the next berth waved and shouted, ‘May there always be a hand of water under your keel!’ I was touched and shouted back, ‘May there always be a lungful of air in your tank!’



PART 4



SURVIVAL NAVIGATION



During the Napoleonic Wars (1803–1815), it is said, shipwrecks claimed eight times more lives than cannon fire. Seafaring is inestimably safer in the 21st century but the ocean will never be a place for the foolhardy. Using barefoot navigation as an enhancement of your time at sea can be enjoyable and gratifying; in a crisis it can save the lives of you and your crew. The batteries will never run out.



Be Prepared
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The time barefoot navigation really comes into play is when your life depends on it. But in the same situation, it is essential that you use the very best aids available, so let me reinforce that important distinction before we go further.

If you consider Bowditch157 to be definitive on these matters, this is what it says about survival navigation:

‘The navigator should assemble a kit containing equipment for emergency navigation. This kit should contain:

1.   At least one proven and personally tested handheld GPS receiver with waypoints and routes entered, and with plenty of spare batteries.

2.   A small, magnetic hand bearing compass such as is used in small craft navigation, to be used if all other compasses fail.

3.   A minimal set of paper charts for the voyage at hand, ranging from small-scale to coastal to approach and perhaps harbour, for the most likely scenarios. A pilot chart for the ocean basin in question makes a good small scale chart for offshore use.

4.   A notebook or journal suitable for use as a deck log and for computations, plus manoeuvring boards, graph paper, and position plotting sheets.

5.   Pencils, erasers, a straight edge, protractor or plotter, dividers and compasses, and a knife or pencil sharpener.

6.   A timepiece. The optimum timepiece is a quartz crystal chronometer, but any high-quality digital wristwatch will suffice if it is synchronised with the ship’s chronometer. A portable radio capable of receiving time signals, together with a good wristwatch, will also suffice.

7.   A marine sextant. (An inexpensive plastic sextant will suffice.) Several types are available commercially. The emergency sextant should be used periodically so its limitations and capabilities are fully understood.

8.   A celestial navigation calculator and spare batteries, or a current nautical almanac and this book or a similar text. Another year’s almanac can be used for stars and the sun without serious error by emergency standards. Some form of long-term almanac might be copied or pasted in the notebook.

9.   Tables. Some form of table might be needed for reducing celestial observations if the celestial calculator fails. The Nautical Almanac produced by the U.S. Naval Observatory contains detailed procedures for calculator sight reduction and a compact sight reduction table.

10   Flashlight. Check the batteries periodically and include extra batteries and bulbs in the kit.

11.   Portable radio. A handheld VHF transceiver approved by the Federal Communications Commission for emergency use can establish communications with rescue authorities. A small portable radio may be used as a radio direction finder or for receiving time signals.

12.   An Emergency Position Indicating Radio Beacon (EPIRB) and a Search and Rescue Transponder (SART) are absolutely essential.’158


That seems fine to me but kind of assumes that you are cruising on a battleship with an unlimited budget; I have sailed with skippers whose main on-board navigation kit doesn’t match this specification. A more practical approach might be to consider how little you can get away with – what is the safe minimum?



The Grab Bag
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All seagoing yachts, but especially those that make passage across oceans, should carry an emergency ‘grab bag’ containing essential survival equipment. I consider a handheld GPS with spare batteries, a hand bearing compass and a pilot chart to fall into this category. Obviously there is a cost implication here, but each of these items will be available as backup to whatever you are using on the vessel on a day-to-day basis, and a plastic sextant would be better than nothing. The skipper will have primary responsibility for ensuring that the grab bag makes it into the lifeboat or liferaft; but don’t rely on him or her – they might be helping the crew over the side.

In addition to the boat’s grab bag I believe that each member of the crew should have their own personal survival kit. Encouraging them to keep their passport and money in it will serve to ensure that they know where it is at any time. It will also serve to ensure they take it with them when they have to abandon ship. Appendix 2 shows a checklist of what I keep in my personal kit. This is not the kind of kit that you will find packaged in a matchbox or tobacco tin; it is based primarily on the minimum I’d want to be stranded with at sea or on land – and constrained by what will fit into a hiker’s small utility bag. The bag used to go everywhere with me, usually stuffed into a backpack along with spare spectacles, whatever book I’m reading and so forth. That is in the past tense because, since 11 September 2001, trying to board any commercial air flight with a knife in your hand baggage is not a wonderful idea. So now it is packed into the sail bag that’s going into the baggage hold.

Some of the items that fall under the heading ‘navigation’ are worthy of comment. I know some navigators who relish taking the trouble to make a sketch map of the sea areas they will cover on each leg of their voyage. They usually do this on graph paper and claim that it enables them to get familiar with what’s coming up. I’m usually too busy (or too lazy) for that and look out a chart with the appropriate scale, take it around to the marina office and persuade them to photocopy the relevant part of it for me. If they can reduce the scale of the chart at the same time, that would be good. In practice, I charm two copies from the office person, one for my personal survival kit, one for the grab bag. Value can be added to these if you mark the directions of wind and current for the prevailing time of year.
a



One issue I haven’t resolved is land maps. The solution here, I believe, is to make sketch maps of any island or remote coast that you might fetch up on; this is practical because any patch of land has more marks on it than even the biggest stretch of ocean. A copy of the Noon Sun Table and the graph for the Equation of Time are in the grab bag permanently; I printed these from the computer in the smallest type I could read and then laminated them.

The compass is the type that the military and hikers use. Some hand bearing compasses are too big to fit into the utility bag and, arguably, too expensive. The ‘chronometer’ is the medium-priced quartz watch set to Universal Time (GMT) that I described earlier. As you now know, a quadrant can be improvised from materials in the kit – the protractor, a length of fishing line, and something like the multi-tool or the whistle as a plumb bob.

Just as important as the contents of the grab bag are the contents of your head – information and attitude. Hopefully, this book has provided you with some basic information that will help when you are adrift at sea or stranded on a beach and there is no sign of an orange-and-white (or red-and-white) helicopter; that information needs to be in your head. But whatever you might have remembered, a positive attitude is the key to survival on land and sea.

If you do find yourself on the hard in some isolated location, keep in mind the following survival priorities.

____________________


a You should be nervous about infringing anyone’s copyright. The US National Oceanic and Atmospheric Administration’s charts are free to download. For example, NOAA’s relatively new BookletChartTM charts ‘are made to help recreational boaters locate themselves on the water’ and can be downloaded free of charge from: www.nauticalcharts.noaa.gov/staff/BookletChart.html. Areas covered are: Atlantic Coast, Gulf Coast, Pacific Coast, Alaska and the Great Lakes. The least you should have in your grab bag is a copy of my rudimentary ‘Global Emergency Locator’. You can find it on the website for this book and you have my permission to make as many copies as you need.



Stranded Ashore?
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You have lost your boat to the sea or to fire – but you have made it ashore. At first you might not know whether you are on an island or an isolated stretch of coastline. Your last fix might enable you to make an informed guess about that, but ending up on a cartoon desert island with one palm tree and an unseemly amount of sand would be just bad luck.

If you got a Mayday off you should have an idea how long it’s going to take for help to reach you by sea or air. The best plan is to assume the worst and, once you have caught your breath on the beach, start work on your survival strategy. Be pessimistic about how long you will have to fend for yourself; be positive about your chances of making it through the ordeal.

Here is a five-point plan based on: water; signalling; shelter; food and safety, but not necessarily in that order. How you prioritise these will depend on the size of your party, the weather and the natural resources available.

1.   WATER. You are unlikely to survive more than three days without potable (drinkable) water. This is where geography comes in. If the hinterland is hilly and green there’s a good chance that streams run down through the woodland, shrub or rainforest to the sea. Search along the beach, but if you don’t see anything obvious you’ll have to head inland. (If you do find a stream, pray that it’s not downstream of a village.) If the hinterland is flat, you’ll have to do the same, looking out for freshwater lakes or ponds. How are you going to carry or store your water? If you didn’t bring a suitable container ashore with you, you may need to use coconut shells, sea shells, large folded leaves or even hollowed-out logs. Keep an eye open on the beach for plastic jetsam, which might include discarded water bottles or Tupperware containers. Obviously you’ll need to clean them thoroughly, but you’re no in a position to be choosy.

2.   SIGNALLING. This is where prioritising becomes critical. If a coastguard search-and-rescue helicopter is en route to your location, it might be a good idea to give them a positive indication of your exact whereabouts. If you believe their arrival is imminent you should do this before you start hunting for fresh water in the rainforest (and hence out of sight). If there’s more than one of you, divide your resources: one party looks for water, the other sets out a signal. Marking the sand with the letters ‘S-O-S’ is slow and susceptible to tide if not well above the high-water mark. Just an arrow pointing to your shelter can be quicker, and it’s easier to make an arrow using tree branches. If large stones or pebbles are available use those too – the wind is unlikely to blow them away. Short of VHF radio contact the best form of signalling to a rescue boat or helicopter in this situation is a mirror or smoke. The latter may also attract the attention of any people who live inland. The fire will also keep you warm; see below. If you brought emergency hand flares, smoke flares and rockets ashore, keep them dry and keep them handy, making sure everyone knows where they are.

3.   SHELTER: Exposure can kill you long before you starve to death. Exposure is about the speed at which core heat leaves your body. If you came ashore wet and cold you are already at risk and someone needs to try and get a fire started (hence the waterproof matches in the survival kit; see Appendix 2). Exposure can start in ambient temperatures as high as 15° Celsius (60°F), and keep in mind that temperatures are sure to drop when the sun sets. Strong paracord (also from the survival kit) will help you improvise a shelter using tree branches and palm fronds. You need horizontal shelter from the wind and vertical shelter from the rain. Try to improvise a platform to keep you off the ground; snakes, sand flies and no-see-ums will see you as fresh meat. Only netting is going to save you from the mosquitoes.

4.   FOOD: You can last for up to three weeks without food, so you can sort out water and shelter first. Hunting and foraging are the options. The survival kit includes a fishing line and hooks. If you want to catch the local rodents, improvise a spear using your multi-tool or knife and a long stick. If you bind the knife to the stick using paracord, tie the end of the line to your arm – it would be tragic if an impaled rat scurried off with your only blade. Whatever the form of protein you manage to catch, be sure to cook it thoroughly before eating. If you find what look like succulent berries, test them first. Squeeze one and rub the juice against the outer part of your lower lip or against your inner wrist. If the contact area inflames, don’t eat it!

5.   INJURY: Breaking your skin in the tropics is not good. Infection comes easily and goes reluctantly. Basic medical supplies are included in the survival kit but it’s best to avoid infection in the first place. Your feet are at the highest risk; if you came ashore in boots or deck shoes, take good care of them and keep them on your pedal extremities.

Remember the Rule of Three: you can survive 3 minutes without air, 3 days without water, 3 weeks without food.


Finally, some of you might ask what use any kind of navigation might be if you have no control over your direction of movement. You are certainly better off in a boat than in a raft; all you can do on a raft is deploy the sea anchor. In a boat you can set a sail and maybe even row or paddle once land is in sight. Being aware of where you are and what your options might be should work to reinforce that positive attitude.



Aft Word to Second Edition



I suppose the problem comes down to this: apart from vision, humans do not have any senses specifically helpful to the task of navigation. Hearing and smell can come into play but not in quite the same way that some birds and fish can switch on the device in their heads that enables them to sense the Earth’s magnetic field.

Maybe ‘neuroplasticity’ can help? This is a phenomenon that enables young children to develop their senses, but it has recently come to be recognised in adults too. It is a process whereby one sense can compensate for a deficiency in another. Blind people are known to develop acutely sensitive hearing. A totally sightless man in Germany, Udo Wächter, is able to ride a bicycle along a forest track by making sharp clicks with his tongue and, like a bat, sensing the direction of the echoes.

In 2004 researchers at the University of Osnabrück in Germany strapped a special belt around Udo’s waist and sent him off on his own bike. The belt consisted of 13 equally spaced vibrating sensors connected to a compass and a power supply. The compass constantly vibrated whichever sensor was nearest to north. Udo wore this thing for six weeks, after which it almost became part of him… When blindfolded, he could retrace a path he had been led over just once. How long would he have to wear the belt before he could sense north without it? The work continues.159


A study into the problem of how to land a helicopter in limited visibility has led to a similar solution. The straps and seat are also fitted with computer-controlled vibrators. Using this system, a Blackhawk pilot was able to land from 100 feet with his eyes closed.

Science and technology will go on contributing awe-inspiring solutions to the navigation problem, but without quite the same romance and self-fulfilment of wayfinding in concert with the natural world.



Recommended Further Reading



Books

This is not intended as a comprehensive bibliography. The following books are recommended reading on aspects of barefoot navigation and on the history of navigation in general. They were all in print or readily available second-hand through online suppliers at the time I was writing this new edition.

Bellwood, Peter, The Polynesians: Prehistory of an Island People, Thames and Hudson, London, 1978, 1987.

Blake, John, The Sea Chart: The Illustrated History of Nautical Maps and Navigational Charts, Conway Maritime Press, London, 2004.

Bowditch, Nathaniel, The American Practical Navigator; see entry in World Wide Web section below.

Burch, David, Emergency Navigation, International Marine, Camden, Maine, 1986, 1990.

Cook, James, The Journals, Penguin Classics, London, 1999.

Cunliffe, Barry, The Extraordinary Voyage of Pytheas the Greek: The Man Who Discovered Britain, Penguin Books, London, 2001. Highly recommended.

Davis, John, The Seaman’s Secrets, 1585. A nice edition can be downloaded (in two parts) from www.spirasolaris.ca/sbb9d2.pdf


Gatty, Harold, Finding Your Way Without Map or Compass, Dutton, New York, 1958; Dover edition, 1999.

Gooley, Tristan, How to Read Water: Clues, Signs and Patterns from Puddles to the Sea, Sceptre, London, 2016. This is a wonderful book from a yachtsman and author. If I was using a star system I’d give it five.

Gurney, Alan, Compass: A Story of Innovation and Exploration, Norton, New York and London, 2004.

Karlsen, Leif K, Secrets of the Viking Navigators: How the Vikings Used Their Amazing Sunstones and Other Techniques to Cross the Open Ocean, One Earth Press, Seattle, Washington, 2003.

Knappert, Jan, Pacific Mythology, Diamond Books, London, 1992, 1995.

Lewis, David, We, the Navigators: The Ancient Art of Landfinding in the Pacific, University of Hawaii Press, Honolulu, 1972, 1994.

Markell, Jeff, The Sailor’s Weather Guide, Sheridan House, Dobbs Ferry, New York, 1995.

May, WE, A History of Marine Navigation, GT Foulis, Henley-on-Thames, 1973.


Oliver, Neil, Vikings: A History, Phoenix, London, 2012. A readable and comprehensive book by the noted archaeologist and historian.

Pretor-Pinney, Gavin, The Cloudspotter’s Guide, Hodder & Stoughton, London, 2006. ‘The inaugural publication of The Cloud Appreciation Society.’ Beautifully written and very funny.

Ridpath, Ian, Star Tales, James Clarke, London, 1989. Recommended for readers wanting to learn more about the history of astronomy and how we see the constellations.

Schlereth, Hewitt, Celestial Navigation in a Nutshell, Sheridan House, New York, 2000. This is probably as simple as it’s ever likely to get.

Slocum, Joshua, Voyage of the ‘Liberdade’, originally published in 1894. The Narrative Press, New York, 2001 and other publishers.

Taylor, EGR, The Haven-Finding Art: A History of Navigation from Odysseus to Captain Cook. Hollis & Carter, London, 1956. Professor Eva Taylor (1879–1966) was an English geographer and historian of science, the first woman to hold an academic chair of geography in Britain. (Her BSc was in chemistry.) She was made an honorary member of the Royal Institute of Navigation. If you can only afford one book about the history of navigation, you should search online to find a copy of this one.

World Wide Web

These websites are a useful source of additional reading or research material. The URLs were good at the time of writing, but if any of them seem to be struck down by ‘link rot’, use a search engine to relocate them.

Google: Google Sky Map: https://play.google.com/store/apps/details?id=com.google.android.stardroid. Or just go to Google Play and search for ‘sky map’. The app turns your smart phone or tablet into a portable planetarium.

Henning Umland: A Short Guide to Celestial Navigation. This useful site (in English) includes a free tutorial pdf and suggestions for downloadable apps: http://www.celnav.de/


I used this excellent website to check the figures used above: http://www.tide-forecast.com/


Mike Reed: Reednavigation.com. The online calculator is at: reednavigation.com/lunars/lunars_v4.html

Nathaniel Bowditch: The American Practical Navigator. This wonderfully detailed and definitive classic now seems to be published by the US National Geospatial-Intelligence Agency and is in the public domain. It is available to download in whole or in parts from here: https://msi.nga.mil/NGAPortal/MSI.portal?_nfpb=true&_pageLabel=msi_portal_page_62&pubCode=0002


John Davis: The Seaman’s Secrets, 1585. A nice edition can be downloaded (in two parts) from www.spirasolaris.ca/sbb9d2.pdf.



NOAA Solar Calculator. Knowing that the sun is about to set is not a major challenge. But are you going to be awake and alert on deck for when it rises? You can plan ahead for a voyage of a few days by using NOAA’s Solar Calculator: www.esrl.noaa.gov/gmd/grad/solcalc/. This allows you to enter a latitude and longitude and a date and it will tell you the apparent sunrise, solar noon and apparent sunset for that location and day. If away from web access, you’ll have to rely on an almanac or local sailing directions.



Timeline of Navigation and Exploration





	c.2900 BCE

	Egyptians make the first documented long-distance voyage (down the Red Sea to the ‘Land of Punt’).




	c.2500 BCE

	At about this time, the Polynesians begin their migration out of SE Asia towards the east.




	c.2500 BCE

	Early experiments in China for finding direction with magnetism.




	c.2000 BCE

	The mathematics of the Babylonians enables them to predict the motions of the sun, the moon, the planets and the stars.




	c.1600 BCE

	The eastward migration of the Polynesians across the Pacific Ocean becomes more adventurous, with much longer voyages being undertaken.




	c.950 BCE

	Phoenician seafarers (from an area now in present-day Lebanon) embark on a trading expedition through the Red Sea. They are believed to have reached as far as the SW coast of India and Sri Lanka.




	800–700 BCE

	Polynesian explorers reach the Hawaiian Islands.




	700–600 BCE

	 Phoenician merchant seamen explore the Mediterranean Sea and Atlantic coastline south around North Africa and up the coast of Spain.




	610–590 BCE

	Egyptian King Necho II commissions Phoenician sailors to circumnavigate Africa from the Red Sea, around the Cape of Good Hope and back through the Mediterranean.




	c.600 BCE

	His canal between the River Nile and the Red Sea in disrepair, Pharaoh Necho sends a Phoenician ship to circumnavigate Africa, thinking it will only take a few weeks and will be quicker than fixing the canal. The trip takes three years.




	500 BCE

	Himilco travels via the coasts of Spain and France to Cornwall in SW England where he establishes the trade in tin. Meanwhile, Hanno settles much of West Africa (as far south as Sierra ­Leone).




	400–300 BCE

	Britain and India appear on Greek maps.





	275 BCE

	The canal linking the River Nile and the Red Sea is reopened.





	c.160 BCE

	Early astrolabe thought to have been developed and/or used by Greek astronomer Hipparchus in Alexandria.





	1 CE

	The Polynesians have reached as far east as Fiji by this date. 





	1–100

	Earliest date for the Chinese invention of the magnetic compass. Some historians insist that the marine compass did not come into play until the 8th century and the 12th century as far as the Europeans and Arabs were concerned.




	120

	The mathematician and astronomer Ptolemy (Claudius Ptolemaeus 100–168 AD) publishes his ‘world atlas’. Ptolemy proposed that all other celestial objects circled the Earth. His maps included lines of latitude and longitude and involved a number of different projections that enabled the curved surface of the Earth to be represented on a flat surface.





	500

	Pacific migration has now reached as far east as the Marquesas and Society Islands.





	600

	Pacific migration extended as far north as Hawaii.





	700

	The Polynesians are thought to have reached Rapanui (Easter Island) by this date. Unless some of them later made it to Peru, this is the easternmost extent of their remarkable migration. (I have found one source that puts this event as early as 300 AD.)





	793

	Vikings raid Lindisfarne off the north-east coast of England.





	795

	Vikings raid the coast of Ireland for the first time.





	802

	The monastery on the Hebridean Isle of Iona is attacked and razed by the Vikings for the first time.





	806

	The Vikings raid Iona for the third time and kill nearly 70.





	835

	Vikings raid the Thames Estuary.





	845

	A Ragnar Lodbrok raiding party reaches Paris via the River Seine. He backs off after being paid a ransom of 7,000 pounds of silver.





	860

	Norwegian Vikings discover Iceland.





	871–2

	Halfdan Ragnarsson becomes first ‘mayor’ of London.





	982

	Greenland is discovered by Erik the Red.





	992

	Likely date for Biarni Heriolfsson’s accidental discovery of North America (Vinland).





	c.1000

	Around the time of the first millennium, an exploration party of Polynesians from Tahiti headed south-west and reached Aotearoa, the ‘Land of the Long White Cloud’, for the first time. This was the name bestowed by one of the group, Kupe, on the islands we now call New Zealand. In so doing, the Polynesians had completed the population of every inhabitable island in some 30 million square kilometres of the Pacific. As an incontrovertible mark of their seafaring skills, Kupe and his companions were to repeat the trip on a number of occasions. Europe was still in the Dark Ages.





	1002

	Leif Eriksson, son of Erik the Red, rediscovers North America.





	1050

	Astrolabes first arrive in Europe from the East, probably from Persia (Iran).





	1066

	The Norman conquest of England begins. These Normans (Norse Men) are believed to be Vikings who had settled in northern France.





	1100–1200

	The introduction of ship’s magnetic compasses in China and Europe.






	1271–92

	Marco Polo’s epic overland journey to China establishes an essential trade route.





	c.1275

	Approximate date of the earliest known sea chart, the Carte Pisane.





	1292

	Marco Polo leaves China by sea and three years later arrives home in Venice.





	1328

	The invention of the sawmill encourages shipbuilding.





	1372

	Ma He born into a Muslim family in Yunnan, China. He later became Admiral Zheng He.





	1405

	Admiral Zheng He (Cheng Ho, c.1371–1435) begins first voyage for Ming Emperor Zhu Di. The ‘Treasure Fleet of the Dragon Throne’ comprised 62 vessels and reached SE Asia, Indonesia (Java and Sumatra) as well as Sri Lanka.





	1406

	Ptolemy’s concept of the Solar System is introduced to Europe.





	1409–1421

	Zheng He undertakes five further voyages, this time reaching as far as India, the Arabian Gulf, Egypt and East Africa.





	1421–23

	Sixth voyage of Zheng He. British historian Gavin Menzies claims to have located wrecks of Admiral Zheng’s fleet in the Caribbean after passing the Cape of Good Hope. However, Zheng is believed to have returned home early from this voyage. 





	1431–1434

	Seventh and last voyage of Zheng He. Some 300 ships and 27,500 men returned to SE Asia and the Indian Ocean.





	1432

	Portuguese navigators discover the Azores.





	1441

	Portuguese navigators sail around West Africa, reaching The Gambia by 1446.





	c.1450

	Prince Henry the Navigator establishes an observatory at Sagres (near Cape St Vincent, Portugal) for the teaching of astronomy, cartography and navigation.





	c.1450

	Invention of the mechanical printing press enables wide distribution of navigation tables.





	1459

	Supposed date of Chinese chart marking location of Cape of Good Hope, with detailed notes recording that a Chinese fleet sailed around the Cape (from the Indian Ocean) to reach Cape Verde Islands. Did a Chinese fleet reach the Caribbean this same year?





	1470–84

	The Portuguese explore West Africa’s Gold Coast and the Congo.





	1488

	Portuguese navigator Bartolomeu Dias rounds the Cape of Good Hope at the southern tip of Africa to enter the Indian Ocean.





	1492

	Columbus sails west in a failed attempt to reach the East Indies. But was he armed with Chinese charts showing the American continents?





	1494

	The Treaty of Tordesillas divides the non-Catholic world between Spain and Portugal. It is signed by King John II for Portugal and Ferdinand of Aragon and Isabella I of Castile for Spain.





	1497

	John Cabot rediscovers ‘new found land’ while searching for the Northwest Passage. He is only 495 years after Leif Eriksson.





	1498

	Vasco da Gama reaches the Malabar Coast of India after rounding the Cape of Good Hope.





	1500

	Portuguese navigator Bartolomeu Dias dies in a storm off the Cape of Good Hope.





	1504

	The city of Venice floats the idea of digging a ‘Suez Canal’ to link the Mediterranean with the Red Sea and Indian Ocean, thus avoiding the Cape of Good Hope.





	1506

	Christopher Columbus dies.





	1511

	Portugal defeats Arab fleet in a major naval battle in the Sunda Strait, taking control of the Spice Islands as the centre of Far East trade. (The strait lies between Java and Borneo.)





	1512

	England starts to build double-decked men o’ war.





	1519

	Portuguese-born sailor Ferdinand Magellan leaves Spain to circumnavigate the world with five ships and 270 men. Winters in San Julián Bay, Argentina.





	1520

	On 28 November Magellan’s diminished fleet sails into the Pacific to begin the first European crossing of the ocean.





	1521

	On 27 April, Magellan is killed by natives in the Philippines.





	1522

	On 6 September, one ship and 18 of Magellan’s troublesome crew finally return to Spain. Captained by Juan Sebastián del Cano, they were the first Europeans to circumnavigate the world.





	1534

	Jacques Cartier enters the St Lawrence River and claims a lot of real estate for France.





	1570

	Sir Francis Drake’s first Caribbean trading expedition.





	1571

	Sir Francis Drake’s second Caribbean trading expedition.





	1572

	Sir Francis Drake leads expedition against Spanish ports in the Caribbean; destroys town of Portobello and captures Nombre de Díos on Isthmus of Panama.





	1577

	Sir Francis Drake sets sail from England to attack Spanish colonies on the west coast of the Americas. He always makes a point of helping himself to superior Spanish charts on any ships he captures. Drake takes the long way home.





	1580

	September: Drake arrives back in England, the first English seafarer to circumnavigate the globe.





	1585

	Drake heads for the West Indies again and makes more trouble for the Spanish colonies. In 1586 he razes St Augustine in North Florida.





	1590

	John Davis invents the ‘backstaff’ (the ‘Davis Octant’) and spares the eyesight of thousands of navigators.





	1594

	Gerard Mercator dies four months before the publication of his remarkable 102-map atlas of the world. Mercator conceived the map projection that navigators still rely on today.





	1596

	Sir Francis Drake dies of dysentery and is buried at sea off the Caribbean coast of Panama.





	1609

	Henry Hudson explores a river on the east coast of North America and claims Manhattan Island for the Dutch. He calls it the ‘Hudson River’.





	1714

	The Longitude Act is passed by the British Parliament.





	1730

	The sextant is invented simultaneously by the American Thomas Godfrey and the British mathematician John Hadley.





	1759

	John Harrison completes H4, the first reliable marine chronometer.





	1768–71

	Captain James Cook’s first Pacific expedition.





	1769

	During a visit to Tahiti, James Cook meets a navigator called Tupaia (or Tupia). Amazingly, Tupaia had a detailed chart of Polynesia in his head; it was an area as big as the continental United States of America. Not one to miss an obvious opportunity, Cook ‘debriefed’ him and drew a sketch map.





	1770

	Cook charts the eastern coast of Australia.





	1772-75

	James Cook’s second Pacific expedition. He takes with him a copy of H4. Designated K1, it had been made by London clock-maker Larcum Kendall in 1769. It was to prove remarkably reliable.





	1776

	James Cook departs on third and final Pacific expedition.





	1778

	Cook fails to locate Northwest Passage from Alaskan side.





	1779

	Cook killed in Sandwich Islands (Hawaii).





	1820s

	British mathematician Charles Babbage invents the Difference Engine, a form of mechanical computer to be used for the calculation of logarithm tables. The machine was never completed.





	1830s

	Babbage starts again with the Analytical Engine, a far more advanced, programmable device for the calculation of navigation and mathematics tables.





	1884

	The International Meridian Conference agrees on Greenwich as the official 0º Longitude.





	1973

	The US Department of Defense commissions the satellite-based Navstar Global Positioning System. Does the Death of Navigation start here?





	1976

	The replica Polynesian seagoing canoe Hokule'a makes the 2,400-mile journey from Hawaii to Tahiti using only traditional navigation techniques. The navigator was Mau Piailug from the Caroline Islands and the expedition was organised by the Polynesian Voyaging Society.





	1991

	Working from Babbage’s original drawing, a team of British scientists and engineers complete the Difference Engine. It works perfectly, giving accuracy to 31 digits.





	1978

	The US Global Positioning System (GPS) goes operational for the first time.




	1982

	The first satellite of the Soviet (now Russian) Global Navigation Satellite System (GLONASS) is launched.




	1994

	GPS becomes globally available. It is free to use at a restricted level of accuracy.




	1995

	GLONASS becomes globally available.




	2005

	The first experimental satellite of the European Space Agency’s Galileo system is launched.




	2011

	A fully-restored GLONASS (GLONASS-K) becomes globally available.




	2016

	Galileo becomes operational with a limited number of satellites. It is compatible with GPS and combines both GPS and its own signals for enhanced accuracy.




	2020

	Galileo scheduled to become globally available.




	2020

	The Chinese BeiDou satellite system scheduled to become globally available.











APPENDICES



Appendix 1: Quadrant Scale
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Note: Ensure that the top edge of the scale is exactly parallel to the sighting edge of the board.



 


Appendix 2: The Barefoot Navigator’s Survival Kit
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Appendix 3: Mean Declination of the Sun 2016–2019


Declination shown in degrees to 1 decimal place. These are the averages for four years.

Negative = South (sun’s latitude south of the Equator)

Positive = North (sun’s latitude north of the Equator)


[image: ]


The Barefoot Navigator: Declination of the sun for 2016–2019

 


Appendix 4: Declination of Sun (Small Version)
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The Barefoot Navigator: Declination of the sun for 2016–2019



Four simple steps to estimate latitude:





	1
	   Use quadrant to read the altitude of the sun at local noon.



	2
	   Subtract altitude from 90° to obtain zenith distance.



	3
	   Use table above to obtain the declination of the sun for date of sight.



	4
	   Apply declination to zenith distance for latitude as below.









	Situation A

	Situation B

	Situation C




	Lat and Dec are in the same hemisphere but Lat is greater than Dec

	Lat and Dec are in the same hemisphere but Dec is greater than Lat

	Lat and Dec are in opposite hemispheres (as in Example 1)




	Lat = Dec + ZD

	Lat = Dec - ZD

	Lat = ZD - Dec









 


Appendix 5: Schematic for Sun-Shadow Board
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Appendix 6: Gnomon Settings for the Sun-Shadow Board

For use with Sun-Shadow Board shown in Appendix 5.
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Appendix 7: Graph for the Equation of Time



[image: ]


 

Appendix 8: Table for the Equation of Time (EoT)
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Appendix 9: The Beaufort Scale

Originally devised in 1806 by Rear Admiral Sir Francis Beaufort (when he was a mere Commander), this table became internationally recognised in 1874 and was most recently upgraded in 1926.
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Appendix 10: Global Emergency Locator
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Appendix 11: Standard Time Zones
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Appendix 12: World Ocean Currents
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Appendix 13: Combined Table for Declination and Equation of Time 2016–19

Declination and Greenwich Noon source: NOAA Solar Calculator Noon is 12:00:00 adjusted by the Equation of Time
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The Barefoot Navigator: Latitude and longitude from Local Noon 2016–19
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