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The skills required to skipper a boat safely, navigate from port to port, and moor up at the end of the day are the same the world over. However, there are two notable differences that can catch out the unwary sailor when sailing in different parts of the world: the circulation of weather patterns in the Northern and Southern hemispheres and the layout of buoyage in the Eastern and Western hemispheres. Both of these differences are covered in the book, but ensure you use the correct system for your sailing area.
Charts reproduced throughout this book are for training purposes only. On no account should they be used for navigation.
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This EPUB is reflowable and the appearance of the text can be changed by the user. Images will move in line with the text and they will always appear after the text to which they relate.
 

Charts & Publications
[image: A collection of navigational charts and other navigational objects lying on a wooden surface. There are two navigational charts rolled up next to each other. There are two further charts, one on top of the other, lying flat on the surface. There is an additional basic black and white chart lying flat on the surface. There is a book titled Beaufort Bay Pilot Companion Third Edition. There is a second book titled Lawrence Channel Small Craft Almanac. There is an electronic chart displayed on a dedicated plotter. ]
Navigational Charts
A chart catalogue shows the coverage of available charts and their respective catalogue numbers.
Electronic charts can be displayed on a dedicated plotter or a PC. Updates for some types are available, making them easy to correct. Be aware that the quality, detail and coverage of electronic charts varies widely. 
Small-craft folios usually contain 10 or more charts designed for use on small-craft chart tables. Many popular sailing areas are covered around the world. 
Keep your charts up to date by making minor corrections. Details of these are found in Hydrographic Office ‘Notices to Mariners’.
You may have to replace a chart if major corrections are needed. Usually a new edition of a chart is produced instead.
Nautical Almanacs and Pilot Books
Publications giving notes on pilotage can greatly enhance the information gleaned from a chart. They can give aerial photographs, detailed pilotage notes and sketches, local information/town plans etc. Be aware that information from pilotage publications can be out of date and is not a substitute for a fully corrected chart. 
Small-craft almanacs give a large amount of extremely useful information, such as tidal heights and streams, pilotage and passage-planning information, and weather information.
Geodetic Datums
Latitude and longitude from a GNSS is a reference to a geodetic datum, which is a theoretical model of the earth. Historically, each national hydrographic office developed their own datum for their charts. As the world is not a perfect sphere, each datum will have areas where they match the earth’s shape well and areas where they do not.
[image: Geodetic datum, which is a theoretical model of the earth. The illustration shows a white circle with a grey dashed line border. Within the circle, there are four coloured segments of different sizes which overlap slightly in the centre of the circle. One segment is green, another blue, third yellow and fourth red. At the centre point of each segment, there is a black cross, resulting in four black crosses gathered in the centre of the circle. ]
GNSS introduced a new problem in that the position expressed by the latitude and longitude in a GNSS system does not automatically match the datum of the printed chart you are plotting on. By default, GNSS systems plot against a datum called WGS84, and charts have gradually moved to adopt this standard.
[image: A comparison between the actual earth and best fit WGS84, shown with coloured circles. ]
The three plots show how a position in the Dover Strait can differ if plotted on different datums. In some areas the wrong datum can give errors of over a mile. Charts will always declare their datum and any corrections to be added to WGS84 positions prior to plotting.
[image: Three plots demonstrating how a position in the Dover Strait can differ if plotted on different datums. In some areas the wrong datum can give errors of over a mile. The illustration shows a chequered grid. Each square if a measurement of 10 metres, which is noted on the illustration. On top of the grid, there is a blue triangle. There is a black cross to represent a plot at each corner of the triangle. The plot at the top of the triangle reads ED 50. The plot in the right corner reads OSGB 36. The plot in the left corner reads WGS 84. There are three double-headed arrows running the length of each side of the triangle. The arrow between plot ED 50 and OSGB 36 indicates a length of 164 metres. The arrow between plot OSGB 36 and WGS 84 indicates a length of 138 metres. The arrow between WGS 84 and ED 50 indicates a length of 134 metres. ]
 

Chart Projection
Chart projections are an attempt to represent the curved surface of the earth on a flat piece of paper.
The shortest distance between two points on the earth’s surface is on a great-circle route.
If you sail an unchanging course you will cut the lines of longitude at equal angles. This is known as a rhumb line route. You sail a slightly longer distance using a rhumb line route but this is only really significant on a long ocean passage.
The most useful chart for practical use is one where a rhumb line is shown as a straight line.
[image: A great-circle route and a rhumb line route. The illustration shows a globe. There is a straight red diagonal line running roughly from around Thailand in Asia to Argentina in South America. The red line runs clearly across the Indian and Atlantic oceans. The red line is the great-circle route. Also spanning this distance above the red line is a black arced line with red triangles at regular intervals. Due to its arc, the black line runs partially over the Indian Ocean, through southern Africa and through the Atlantic Ocean. The black line is the rhumb line route. ]
Mercator Projection
In order to represent a rhumb line as a straight line the meridians have to be made parallel. This stretches land masses at the top of a chart in an east-west direction, so to keep them the correct shape they must also be stretched in a north-south direction.
The scale gradually increases towards the top of the chart. This is why you must always measure distance on the latitude scale opposite your position.
[image: The process of representing a rhumb line as a straight line. Part one shows a green land mass within an ocean on a spherical chart. There are arced blue meridian lines. 

Part two shows the same ocean and land mass, but the chart is now square as it has been stretched in an east-west direction. This has made the land mass stretch horizontally. There are straight blue meridian lines.

Part three shows the same ocean and land mass once again, but the chart has been stretched in a north-south direction in order to keep the land mass a correct shape. There are straight blue meridian lines. To the right of the chart, there is a pair of hands holding a brass and stainless steel navigation divider. Below the chart, there is a diagonal grey rhumb line with grey triangles at regular intervals spanning across five meridian lines. There is a red and white warning triangle with a black exclamation mark to the right of the chart. ]
Mercator projections are used for passage-making charts for coastal and offshore passages. Distances are measured in sea miles using the latitude scale closest to your position. Over larger areas there is a noticeable difference in the size of a sea mile from the top to the bottom of the chart.
[image: Mercator projections. Mercator projections are used for passage-making charts for coastal and offshore passages. The illustration shows a world globe with a vertical cylinder wrapped around it. The cylinder is taller than the globe. The cylinder has purple horizontal and vertical lines. To the right of the globe, the cylinder has been rolled out to reveal a flat world map.  ]
Transverse mercator projections are commonly used in large-scale harbour plans as they allow for accurate distance and bearing measurements over small areas.
[image: A transverse mercator projection. The illustration shows a world globe with a horizontal cylinder wrapped around it. The cylinder has horizontal black dashed lines running the length of it. The cylinder is longer than the globe. ]
Gnomonic Projection
This projection is mainly used for planning ocean passages, as a great-circle route is shown as a straight line. 
As the charted area moves further from the centre of the projected area (the tangential point), greater distortion takes place. So, a typical ocean-planning chart will have its tangential point in the centre of the charted area.
[image: Gnomonic projection. There is a white sphere with blue horizontal and vertical meridian lines to create a grid effect. This is representing a globe. One of the grids is shaded blue. To the right of the sphere, there is a square showing part of the world map, namely part of South and North America, part of Europe and part of Africa. This part of the map has been enlarged from the globe. ]
Distance
1 degree latitude = 60’ (minutes)
1’ = 60” (seconds)
1 minute of latitude = 1 sea mile.
We use tenths of a minute, not seconds for chartwork e.g. 50°17’.4N.
The length of a sea mile varies slightly with latitude so for practical purposes we use the nautical mile, which is fixed in length.
Although the sea mile varies in size depending on latitude it can be used as an approximation of a nautical mile for offshore and coastal passage making.
A knot is one nautical mile per hour.
[image: Three long rectangles, one below the other. The top rectangle is light green in colour and is representing 1000 metres/one kilometres. The second is dark green in colour and is representing 1609 metres/one statute land mile. The third is light blue in colour and is representing 1852 metres/one nautical mile. ]
[image: Notation of bearings. There is a circle with purple numbers running from 0 to 350 in intervals of 10 around the outside of the circle to represent angles in degrees. There are four large letters written around the circle. N for North at the top of the circle. E for East to the right on the circle. S for South at the bottom of the circle. W for West to the left of the circle. Between each letter, there are further letters. N for North and E for East. 

Running down from North to East reads: N by E. NNE. NE by N. NE. NE by E. ENE. E by N. 

Running down from East to South reads: E by S. ESE. SE by E. SE. SE by S. SSE. S by E.

Running up from South to West reads: S by W. SSW. SW by S. SW. SW by W. WSW. W by S.

Running up from West to North reads: W by N. WNW. NW by W. NW. NW by N. NNw. N by W. An illustration showing two columns of letters and numbers. The left hand column is composed of a list of cardinal, intermediate and intercardinal letters, i.e. N. N by E. NNE. NE by N. NE. NE by E. ENE. E by N. E. N is for North and E is for East. The right hand column is composed of corresponding angles in degrees, increasing in intervals of 11.25 degrees. For example, N is 0 degrees. N by E is 11.125 degrees. NNE is 22.5 degrees. NE by N is 33.75 degrees. ]
 

Magnetic Variation
Charts show North as True (geographic) North. Gyro compasses point to True North but are rare on small vessels due to the cost, and the need for a steady power supply. Most small vessels carry magnetic compasses, which point to Magnetic North. The different between True North and Magnetic North at any one location is called variation.
[image: Magnetic variation. There is a blue sphere representing the Earth. There is a black line with a yellow arrowhead coming out of the top centre of the sphere, which is labelled True North. Slightly lower down and to the left on the sphere is a second black line with a yellow arrowhead, which is labelled Magnetic North. There is an arced faded blue arrow pointing from the Magnetic North to right of the Magnetic North. This is labelled with Magnetic North changes slowly at a steady rate. There are three compasses facing North around the centre of the sphere. There is a red arrow leading from each compass to the Magnetic North. The compasses are labelled with variation changes according to your position. ]
Here, the variation is reducing by a few minutes each year. Variation in Canada, South Africa and New Zealand can be over 20 degrees. The rate of change is shown on the compass rose.
[image: Magnetic variation. There is a circle with purple numbers running from 0 to 350 in intervals of 10 around the outside of the circle to represent angles in degrees. There is an arrow pointing to 353 degrees that is labelled 7 degrees 30' W 2005 (8'E). It is illustrating that the variation is reducing by a few minutes each year. ]
Bearings on a chart are shown in degrees True, so you must apply variation to bearings from and to the chart.
Example – variation 7°W
090° True 
 +7° West Variation 
097° Magnetic
[image: A series of arrows and a magnet. On the right hand side of the illustration there is a red magnet labelled degrees Magnetic. On the left hand side of the illustration there is a short yellow arrow pointing upwards labelled degrees True. There is a red arced arrow at the top of the illustration pointing from the magnet to the yellow arrow. Above the arrow -W is written. Below the arrow +E is written. There is a green arced arrow pointing from the yellow arrow to the magnet. Above the arrow +W is written. Below the arrow -E is written. ]
 

Compass Deviation
Ferrous metal and magnetic fields (for instance the engine, instruments, cockpit speakers and mobile phones) will affect the compass.
As the boat heels, the influences change.
[image: Compass deviation. Ferrous metal and magnetic fields (e.g. the engine and mobile phones) will affect the compass. As the boat heels, the influences change. 

In part one, there is a stationary upright sailboat shown from a back angle. There are two purple shaded circles on the illustration. One is highlighting the keel and lower part of the engine. The other is highlighting the top part of the engine and the bottom part of the mast. 

In part two, there is a sailboat under sail at roughly a 45 degree angle. There is a person wearing a lifejacket at the back of the boat operating the tiller. There are two purple shaded circles on the illustration. One is highlighting part of the keel and to the right of the keel, as well as the lower part of the engine and an area to the right of the engine. The other is highlighting the top of the engine and an area to the left of the engine, as well as the person on the boat. ]
Deviation Card
A deviation card can be produced for your steering compass which will show the east or west error on each heading. Use this to convert from °C to °M and vice versa.
[image: Compass deviation. On the right hand side of the illustration degree Compass is written. In the centre of the illustration degree Magnetic is written. On the left hand side of the illustration degree True is written. At the top of the illustration there is a red arced arrow pointing from degree Compass, over degree Magnetic, to degree True. Above the arrow -W is written. Below the arrow +E is written. At the bottom of the illustration there is a green arced arrow pointing from degree True, under degree Magnetic, to degree Compass. Above the arrow +W is written. Below the arrow -E is written.]
[image: A compass deviation card. These can be produced for your steering compass which will show the east or west error on each heading. 

There is a square grid split into two halves, West and East. The vertical centre line between the two halves is labelled 0 degrees. The lines either side are labelled 1 to 6 degrees in intervals of 1, starting with 1 for the line either side of the centre line. 

The horizontal lines of the grid are labelled with the ship's heading degree Compass from 000 degrees down to 330 degrees in intervals of 030 degrees, and back to 000 again. For example, 000, 030, 060 degrees. To the right of the ship's heading degree Compass figures is a list of Deviation figures. 000 is 1 degree East. 030 is 2 degrees East. 060 is 2 degrees East. 090 is 2 degrees East. 120 degrees is 1 degree East. 150 is 0 degrees. 180 is 1 degree West. 210 is 2 degrees West. 240 is 2 degrees West. 270 is 2 degrees West. 300 is 2 degrees West. 330 is 1 degree West. 000 is 1 degree East. 

On the grid itself, there is a blue backwards S-shaped line with red crosses along it at regular intervals. It starts at 1 degree East, 000 ship's heading degree compass. The peak of the first curve is at roughly 2.2 degrees East, 060 ship's heading degree compass. The peak of the second curve is 2.1 degrees West, 270 ship's heading degree compass. The end of the line is at 2 degrees East, 000 ship's heading degree compass. ]
Practical Application
It is preferable to have your steering compass corrected to eliminate deviation. However, you may be on an unfamiliar boat, such as a charter boat, or on a delivery trip. In this situation it is always wise to check for deviation and apply it as necessary.
[image: A steering compass that has not been corrected to eliminate deviation. The compass is composed of a silver box with a circular transparent window. Within the window, there is a beige diagonal strip with degree numbers written in intervals of 30 degrees. There is a straight vertical white line pointing to just left of the number 60, due to the numbered strip being at a diagonal. Behind the strip, there are two further unfocused beige diagonal strips with numbers in intervals of 30. There is a double-ended arced yellow arrow to the left and right hand sides of the compass.]
Be aware that even in a moderate sea it is difficult to steer a very precise course. This means you may decide to ignore small amounts of deviation. 
If you find that your compass has developed a significant deviation error then you should have it adjusted by an experienced compass adjuster.

Tidal Theory
The gravitational interaction of the earth with the sun and moon causes the tidal cycles we experience.
There are three distinct elements in the roughly monthly cycles.
The Lunar Cycle (Average of 29.53 Days’ Cycle)
Spring Tides
When the gravitational pulls from the moon and the sun are in line, we experience: 
	high high waters 

	low low waters.

[image: Spring Tides. The illustration shows a globe in the centre, with Europe, Africa and part of western Asia in the light and facing the sun. The other half, such as America, is in darkness due to facing away from the sun.

To the right of the illustration is a New Moon. This is represented by a smaller beige sphere. There is a ring starting from the New Moon and circling the Earth. At the very right edge of the illustration in the Sun. This is represented by showing the edge of a large glowing beige circle. The Earth, New Moon and Sun are aligned, which is represented by a straight white line running from the Sun, through the New Moon and to the Earth. 

There is a blue oblong surrounding the Earth. The part of the circle facing the sun is labelled with: The weather gravitational pull of the Sun (about half that of the Moon) distorts the Earth's oceans, pulling them towards it. 

There is a second darker blue oblong outside of this first oblong. The part of the oblong facing the sun is labelled with: The stronger gravitational pull exerted by the Moon combined with that of the Sun due to their straight line alighnment distorts the Earth's oceans, creating higher tidal ranges known as spring tides. 

The two blue oblongs not facing the sun are both labelled with: Both the Moon and the Sun produce a complementary wake from their respective gravities on the opposite side of the Earth due to both of them now having more gravitational pull on the Earth than the oceans on that side. ]
[image: Spring tides. In one half of the illustration, there is a high high water represented by a tall column of water with a sailboat sitting upright in the water. To the right of the illustration, there is a low low water represented by a much shorter column of water with a sailboat sitting in the water, at roughly a 45 degree angle to the right hand side. The keel of the boat is touching the seabed. There is a great difference between the height of the two columns of water. ]
Neap Tides
When the gravitational pulls from the moon and the sun are at right angles to each other, we experience: 
	low high waters 

	high low waters.

[image: Neap Tides. The illustration shows a globe in the centre, with Europe, Africa and part of western Asia in the light and facing the sun. The other half, such as America, is in darkness due to facing away from the sun. There is a blue oblong surrounding the Earth. There is a second darker blue oblong outside of this oblong.

There is a first quarter moon north east to the Earth in the illustration. There is a ring starting from the first quarter moon and circling the Earth. At the very right edge of the illustration is the Sun. This is represented by showing the edge of a large glowing beige circle. The Earth and the Sun are aligned, which is represented by a straight white line running from the Sun to the Earth. The Moon is at a right angle to the Sun. 

There is text on the illustration reading: The Moon is now at 90 degrees to the Earth relative to the Sun. This now counteracts the gravitational pull between the Sun and the Moon, giving a smaller difference of tidal ranges. These are called neap tides. 

]
[image: Neap tides. In one half of the illustration, there is a low high water represented by a medium height column of water with a sailboat sitting upright in the water. To the right of the illustration, there is a high low water represented by a slightly shorter column of water with a sailboat sitting upright the water. There is only a slight difference between the two columns of water.]
Declination
[image: Tidal declination. At the bottom of the illustration there is a key stating that a dashed orange line is lunar tide. A dash purple line is solar tide. A blue solid line is mean sea level. An orange and purple combined dashed line is combined tide. 

Part one is illustrating spring tide. On the left hand side of part one, there is a blue circle, a dashed purple horizontal oblong and a longer orange dashed horizontal oblong overlaying each other. There is a black dot in the centre of the circle. There is a black arced arrow pointing from left to right in the centre of the circle. To the left of the circle there is a black and white circle representing a Full Moon. To the right of the circle is a black and white circle representing a New Moon. To the right of the New Moon there is a yellow circle representing the Sun. To the right of the sun is a black equals sign. To the right of the equals sign is a blue circle and an orange and purple combined dashed horizontal oblong overlaying each other. There is a black dot in the centre of the circle. There is a black arced arrow pointing from left to right in the centre of the circle. 

Part two is illustrating neap tide. On the left hand side of part two, there is a blue circle, a dashed purple vertical oblong and a longer dashed orange vertical oblong overlaying each other. There is a black dot in the centre of the circle. There is a black arced arrow pointing from left to right in the centre of the circle. Above the circle there is a black and white moon representing a first quarter moon. Below the circle there is a black and white moon representing a last quarter moon. To the right of the blue circle there is a yellow circle representing the sun. To the right of the sun is a black equals sign. To the right of the equals sign there is a blue circle with an orange and purple combined dashed vertical oblong overlaying each other. There is a black dot in the centre of the circle. There is a black arced arrow pointing from left to right in the centre of the circle. ]
The Moon’s Declination (Average of 27.21 Days)
When the moon’s declination (its height above the celestial equator) is high an inequality in tidal height occurs within the daily cycle. Points X and Y represent the same geographic location on the earth’s surface 12 hours apart. X has a noticeably smaller height of HW.
[image: The moon's declination. There is a white circle in the centre of the illustration. There are two orange lines running through the centre of the circle. One is a horizontal line at a diagonal representing Equator. The other is a vertical line at a diagonal representing North at the top of the line and South at the bottom of the line. Behind the white circle there is a horizontal blue oblong representing tidal bulge. At a wide point of the space between the oblong and white circle, there is a black arrow representing a large tidal bulge for high water. This is labelled X. At a narrow point of the space between the oblong and white circle, there is a black arrow representing a small tidal bulge for high water. This is labelled Y. Points X and Y represent the same geographic location on the earth's surface 12 hours apart. X has a noticeably smaller height of high water. There is a dashed black arrow pointing from the centre of the white circle to the far right side of the illustration. The arrow is labelled To Moon. ]
The Perigee-Apogee Cycle (Average of 27.55 Days)
The moon’s orbit is not uniform and it has a perigee (the point when it is closest to the earth), where its effect is most powerful, and an apogee (when it is furthest away from the earth), where it is least powerful. The illustration shows the effect of this cycle on the range of two spring tides. The largest part is when the moon was in perigee.
[image: The Perigee-Apogee Cycle. Perigee is the point where the moon is closest to the earth. Apogee is the point when it is furthest away from the earth. The illustration shows a graph. The X axis is dates from 31st July 2001 to 2nd September 2001 in intervals of 1 day. The Y axis is height in metres from 0 metres to 18 metres in intervals of 2 metres. There is an icon for a New Moon between 6th and 8th July. There is an icon for a First Quarter Moon between 13th and 15th August. There is an icon for a Full Moon between 20th and 24th August. There is an icon for a Last Quarter moon between 27th and 30th August. Behind the moon icons, there are vertical red lines varying in height across the graph. They span from 2 to 14 metres for the New Moon, 5 to 12 metres for the First Quarter Moon, 1 to 16 metres for the Full Moon and 5 to 12 metres for the Last Quarter moon. ]
Global Patterns
Tidal patterns round the world are quite complex due to the effects of: 
	funnelling, e.g. into the mouth of the Bristol Channel 

	the spin of the earth 

	the differing geography of ocean basins 

	shallow water.

[image: Global tidal patterns. There is a a globe shown from two different angles. In angle one, it is shown from an above angle looking down onto North America, Europe and parts of southern Africa and South America. There are four locations labelled on the globe. The Baltic Sea, the Mediterranean Sea, the Bristol Channel and the Bay of Fundy in Canada. In angle two, the globe is down from a below angle looking up to Australia, South Asia, parts of southern Africa and Antarctica. There are two locations labelled on the globe, Collier Bay and Sydney, both in Australia.]
The biggest tidal range in the world is in Canada in the Bay of Fundy (mean range 13m). The second biggest is in the Bristol Channel (12m). Range differs within a country. Collier Bay on the north-west coast of Australia has a mean spring range over 10m, whereas the south-east coast has just a 1–3m range.
The Mediterranean and Baltic seas have negligible tides, mainly because of restrictions at their entrance.
Not all areas have the same tidal cycle. Some have two comparable cycles per day (semidiurnal), some have one cycle per day (diurnal), while others have two cycles which are significantly different in each day (mixed).
[image: Different tidal cycles around the world. There is a globe facing onto Australia, Antarctica and South Asia. There is a key at the bottom of the illustration. Red is semidiurnal tides. Purple is diurnal tides. Blue is mixed tides. There are a series of shaded areas around the coastlines of the countries shown on the globe in red, blue and purple. New Zealand is semidiurnal. South East Australia is semidiurnal. Southern Australia is mixed. South West Australia is diurnal. West Australia is mixed. North West Australia is semidiurnal. North Australia and South Indonesia is mixed. North Indonesia is purple. India is semidiurnal. Thailand is diurnal. South Japan mixed. North Japan is diurnal. North East China is semidiurnal. South East Russia is semidiurnal.]
The tidal range varies around the globe.
[image: The variation in tidal range around the globe. There is a world map in which land mass is white. The tidal range of the oceans is represented by a series of colour rings, from blue for smaller ranges to brown for larger ranges, with medium range represented by yellow. ]
It is important to remember that tidal predictions are just predictions from some form of computer model. An example to reinforce this is the inverted tidal curve – in some areas predicting the time of HW accurately is sufficiently difficult that tidal curves have to be based on the times of low water.
[image: An inverted tidal curve for Old Dawson on a graph. The Y axis is Factor from 0 to 1 in increments of 0.1. 1.0 is at the top of the axis and 0 is at the bottom of the axis. The X axis is time in hours from -7 hours to +8 hours. Between -1 hour and +1 hour, L.W. is written for Low Water. On the graph, there is a red solid line representing Spring tide range. It forms a V shape on the graph, starting at -6 hours, decreasing steadily until Low Water, then increasing steadily until +6 hours. There is a dashed blue line representing Neap tide range. It forms a V shape on the graph, starting at -6 hours, decreasing steadily until Low Water, then increasing steadily until +6 hours. There is a dashed black line representing Mid tide range. It starts at Low Water and increases steadily until +5 hours, where it intersects with a red solid line. ]
Effects of the Weather
Strong winds for prolonged periods can: 
	Push water in, making the tidal height greater than predicted 

	Push water out, making the tidal height less than predicted.

[image: Effects of the weather. There is a tall land mass in the centre of the illustration. There is water either side of the land mass. The water is slightly higher on the left hand side of the land mass than the right hand side. There is a blue arrow pointing from left to right in the illustration which is labelled wind.]
Barometric pressure can: 
	Make the tidal height less than predicted 

	Make the tidal height greater than predicted.

[image: Effects of the weather. There is a tall land mass in the centre of the illustration. There is water either side of the land mass. The water is higher to the right hand side of the land mass than on the left hand side. There are two yellow arrows either side of the land mass. On the right hand side the arrow is pointing upwards and is labelled low. On the left hand side the arrow is pointing downwards and is labelled high.]
Tidal Terms
[image: Tidal terms. The illustration shows a coastal land mass. At the left of the illustration, it is tall with a lighthouse. It slopes down quite suddenly in the first fifth of the illustration and generally continues to gently slope to the right hand side of the illustration. There is water which varies in depth. It is shallower nearer to the lighthouse due to the sloping landmass and gets deeper as you look from the left to right of the illustration. 

There is a horizontal line running across the lower part of illustration which is labelled chart datum (CD). The space between the CD line and the seabed is labeled as the charted depth. There are multiple labels within the water. The space between the CD line and the water surface is the height of tide. The space between the sea bed and water surface is the depth of water. 

The height of light is labelled on the illustration. This runs from the light of the lighthouse to the high water of spring tide. 

There is a bridge shown slightly offshore with a horizontal line under it labelled HAT, which means Highest Astronomical Tide. The space between the top of the arch of the bridge and the HAT line is labelled as the clearance of the bridge.

Spring range and neap range is demonstrated on the illustration. Neap range shows a small range between high and low water. Spring range shows a large range between high and low water. ]
*Specific datums used for heights, clearances, and charted depth may vary in different countries. For example, the UK uses lowest astronomical tide for chart datum, whereas the USA uses mean low low water.
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