13. TIDES
Water levels vary in tidal and non-tidal waters: sailors should be aware that the depths shown on the
charts do not always represent the actual amount of water under the boat.

13.1 Tidal waters
In tidal waters, tides are caused by the relative pull of the gravity of the Moon (70%) and of the Sun
(30%). When the Sun and Moon are in line with the Earth, either on the same side (New Moon) or
opposite sides (Full Moon), the effect of their gravity is maximum, and the tides are highest; these
are called Spring tides. When the Moon and Sun are at right angles, i.e. at the time of the first or last
Quarter Moon, the effects on the tides are minimal; these are Neap tides. Tides are also affected, to
a much lesser degree, by wind and barometric pressure.
Stronger tide currents are naturally associated with Spring tides. The inside of the back cover of the
Canadian Tide and Current Tables, published annually by Fisheries and Oceans Canada, shows the
days of each month when the Moon is full or new, or at first or last quarter. This helps in planning
passages through narrow areas where tide currents can be dangerous.
The daily rotation of the Earth translates into typically semi-diurnal tides: two high tides, and two low
tides per interval of 24 hours. The time interval between a high (low) tide and the next high (low) tide
is slightly more than 12 hours (close to 12.5 hours) because the Moon orbits around the Earth towards
the East, in the same direction as the Earth’s spin, so that it takes a little more than a full spin of the
Earth for a point on Earth to return under the Moon again. The usual time elapsed between a high tide
and the following low tide, or vice-versa, is typically a little more then six hours.
By definition, high tides alternate with low tides, although the difference in heights can be barely
noticeable. The usual two high tides, each day, have different heights: one is a High water, the other
is a Higher high water. There are usually also two low tides: one is a Low water, the other is a Lower
low water. This concept is important to understand how to use the reference levels for measuring
depths and tide heights, as well as the reference levels used for measuring elevations above water.
Tides are measured above a plane of reference called the vertical datum. In Canada, it is the lowest
normal low water. This is the same as saying the lowest normal lower water. The use of this reference
level means that all depths marked on the chart, also counted from the same vertical datum, are
normally the minimum depths which a boat might expect: any tide, even a small low tide, will add to
the amount of water depth shown on the chart. However, the datum is set on the lowest normal tides.
Once in a few years, an abnormally low tide will occur, which might be very slightly lower than the
datum. At that time, the tide is negative, and the actual amount of water below the keel will be a little
less than the depth shown on the charts.
In the US, the vertical datum is set at the Mean lower low water. Each month, many low tides are
negative, during which a boat has less water under its keel than that shown on the chart.
The calculations of tide levels under various circumstances are conducted from tables contained in
the Canadian Tide and Current Tables and are described in this chapter.
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Fig.13.1 Volume 5 of the Canadian Tide and Current Tables describes the tides and the currents along the West Coast.

13.2 Non-tidal waters
In non-tidal waters, for instance lakes and rivers, the depth is not always indicated on the chart. On
lakes, the level is directly related to the precipitation and thus usually varies with the seasons. The
depth around large lakes can also be affected by wind. River depths are affected by precipitation and
by the movements of muddy bottoms.

13.3 Canadian Tide and Current Tables
While there are numerous electronic resources for tides and currents, it is important to understand
how to use the official printed documents.
The Canadian Tide and Current Tables are published annually, and describe the tides and the currents
along the Canadian shores. Volumes 1, 2 and 3 cover the East Coast; and Volume 4 the Arctic.
The tides and currents of Georgia and Juan de Fuca Straits are described in Volume 5 of the Canadian
Tide and Current Tables (Fig. 13.1, left). Those around Vancouver Island and further north are given
in Volume 6; and the tides and currents in the Queen Charlotte area are forecast in Volume 7 (Fig.
13.1, right).
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Canadian Tide and Current Tables

Fig.13.2 T
 he two main sections of the Canadian Tide and Current Tables (2016) are the “Tide Tables” (pages 14 to 57) and the “Current Tables”
(pages 58 to 109).
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The inside front cover of the Canadian Tide and Current Tables shows the location of the Reference
Ports where the High and Low tides are predicted for each day of the year (Fig. 13.1, right). The
reference ports are shown with round black dots. For instance, the reference port for the Gulf Islands is
Fulford Harbour. The reference ports are listed in the table of contents (Fig. 13.2, top, “Tide Tables”).
The inside front cover also shows the Current Stations where the current is forecast (Fig. 13.1, right).
The data include the speed and times of maximum currents, and the times of the turns, when the
speed of the current is very low or nil, i.e. the current is “light and variable” (Fig. 14.1, p. 100). The
current stations are shown as black squares; they are along frequently-used passes (Fig. 13.1, right).
The current stations are listed in the table of contents (Fig. 13.2, middle, “Current Tables”).
The individual tables towards the end
of the manual allow the calculation
of intermediate tides, and currents
at secondary stations (Fig. 13.2,
bottom).

13.4 Full tides at
main reference ports
The Tide Tables, in the first part of
the manual, give the High and Low
tides for each day of the year. High
and Low tides alternate, even if the
height differences are minimal.
Some High tides can be lower than
some Low tides, and vice versa.
In the Tides section, each page
represents three months of tides
for a given station (Fig. 13.3). The
times and amplitudes of high and
low tides are given for each day in
Pacific Standard Time because the
document is issued by the federal
government. The local times, in
B.C., are set by the Provincial
Government, and advanced by one
hour during the summer months,
between early March and early
November as Pacific Daylight Time
(PDT).
Fig. 13.3 The 2016 Tide for Fulford Harbour, April-June.
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Example: What are the tides on Monday (Lundi) April 4 at Fulford Harbour, in local time?
The tides in Fulford Harbour, on April 4, 2016, can be described as follows (Fig. 13.3 and Fig. 13.6):
Time (PDT)
03:59
09:54
15:01
21:24

Height
3.1 m
2.0 m
2.7 m
1.1 m

Type
High
Low
High
Low

13.5 Intermediate tides, main ports
The changes in water levels caused
by the tides look like the oscillations
and beating of two sine waves with
very slightly different periods. These
oscillations are caused in part by
the Sun, but mostly by the slightly
shorter period of the Moon in its
apparent rotation around the Earth,
and its wandering north or south of
the equator. Most of the time, however,
the tide pattern looks like a sine wave,
and the various approximations used
to interpolate the water levels between
peaks are based on the properties of
sine waves.
The daily tide patterns on the West
Coast, as can be seen in the sample
eight stations (Fig. 13.4), are governed
by the relative position of the Moon: it
can be over the equator (E points), at
its northern maximum latitude (N) or
at its southern most latitude (S). The
amplitudes tend to be highest during
the full moons ( ).

Fig.13.4 The effect of the Moon on BC tides.
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The Canadian Tide and Current Tables provide data which allow the interpolation of water levels
between Low and High tides for a specific moment. These are given in Tables 5 and 5A on page 114
of Volume 5 for Southern BC, 2016 (Fig. 13.7, p. 90). They are based on: 1) the Tide Duration, i.e.
the time between adjacent Low and High tides, equivalent to half the period of a pure sine wave; 2)
the Tide Range, i.e. the difference in water levels between adjacent Low and High tides, equivalent
to the amplitude of a pure sine wave; and 3) the Time Interval, i.e. the difference in time between the
moment of measurement and the time of the nearest Low or High tide. These terms, used in Tables 5
and 5A, are illustrated in the graph of Fig. 13.5.
These same tables, and the graphs of the tides associated with them, are available from the Web in
.pdf and other electronic formats.

Higher high water
h1
High water

Time
interval

Range

h2

Height difference

Height (in metres)

For a tide of specific characteristics (Tide Duration and Tide Range), Tables 5 and 5A of the Canadian
Tide and Current Tables thus allow an estimate of the Height Difference, i.e. the change of water level
from the nearest High or Low to the level at the moment of measurement (Fig. 13.5).

Low water

Duration
Lower low water

t1

t2

t3

Time (h and min)
Fig.13.5 In most cases, stations on the West Coast report two high tides per day, a High and a Higher high, and two low
tides: a Low and a Lower low.
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Naturally, Tables 5 and 5A (Fig. 13.7, p. 90) also allow the resolution of the inverse problem: for a
specific tide of known duration and range, when would the water level reach a required level, i.e. when
would the level be at a specific height difference above the nearest Low or below the nearest High.
Examples of the two types of problems are given in the following sections.

13.5.1 Calculation of the tide at a given time
We may need to know how much water we have under the boat at
a given time. The following example explains the method:
Example: What is the intermediate tide at Fulford Harbour at
17:30 (PDT) on April 4, 2016 (Fig. 13.6):
- Tide Duration between the adjacent High and Low:
21:24 (Low) – 15:01 (High) = 6 h 23 min
- Tide Range: 2.7 – 1.1 = 1.6 m
- Time Interval between the moment of measurement
(17:30) and the time of the nearest High or Low:
17:30 – 15:01 = 2 h 29 min after the High at 15:01.
With this information, we look at Table 5 (Fig. 13.7), in the left
section with the times (Time intervals and Duration): Since
our tide has a duration of 6 h 23 min, we select 6:20 down the
Duration column. And since our time interval is 2 h 29 min, we
move horizontally to the column with the closest time interval of
2:33. We end up in column G.
We now continue in Table 5A (Fig. 13.7), to the right of Table 5.
Down the Range column, we select the row for 1.5 m, the closest
choice for our tide range of 1.6 m. Moving horizontally to the
column with the same name as in Table 5, column G, we read a
height difference of 0.55 m.

Fig. 13.6 Tides at Fulford Harbour on April 4, 2016.

This means that, at 17:30, the tide will be 0.55 m above or below
the level of the reference tide. Our reference tide, which is the closest to the moment of measurement,
is the High tide at 15:01. The tide at 17:30 is therefore 0.55 m below this High tide of 2.7 m. At 17:30,
the tide level is thus 2.7 – 0.55 = 2.15 m above the vertical datum, or 2.2 m after rounding off.
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Fig.13.7 Table 5 in the Canadian Tide and Current Tables allows the calculations of the height of the tide at specific
intermediate times, knowing the duration of a tide (the time between a High and a Low) and its amplitude or
range, i.e. the difference in height between the Low and the High surrounding the time considered.

13.5.2 Calculation of the time when the tide will reach a given height
This type of calculation is essential when trying to sail in and out of harbours with a retaining wall
to maintain the required level of water at low tide. This is frequently the case in all the small ports of
the British Isles or along the shores of Normandy and Brittany.
The following example explains the method:
Example: Until what time can a boat with a 1.2 m draft go over a sand bar 1.0 m above vertical datum
at the entrance of a small bay near Fulford Harbour in the morning of April 8, 2016? (Fig. 13.8)
The minimum height of water needed to allow the boat over the sand bar is 1.2 + 1.0 = 2.2 m above
datum. A tide with a height of 2.2 m or more is therefore required to allow the boat to get over the bar.
It is closest to the height of the nearest high tide (3.3 m at 05:57).
– Tide Duration: High Tide to Low Tide: 12:27 – 05:57 = 6 h 30 min (Fig. 13.8)
– Tide Range: 3.3 – 0.8 = 2.5 m;
– Height Difference: 3.3 – 2.2 = 1.1 m below high tide at the last possible moment for crossing.
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We now look at Height Differences in Table 5a (Fig. 13.9, right
side): Since our tide has a range of 2.5 m, we select the row with
the closest range, 2.4 m down the Range column. And since our
height difference is 1.1 m, we move horizontally to 1.10 m, which
is in column I.
We now continue with the Time Intervals table, in Table 5 (Fig.
13.9, left side). The duration of our tide is 6 h 30 min. Down
the Duration column, we select the row for 6 h 30 min. Moving
horizontally to the column with the same name as in Table 5A,
column I, we read a time interval of 3 h 03 min.
This means that, 3 h 03 min before or after the high tide, the level
of the tide is 1.1 m below the level at High Tide, i.e. 1.1 m less than
3.3 m. At any time in between, the tide will be more than 2.2 m,
and we will be able to sail in or out of the harbour. The latest time
for going over the sand bar is thus 05:57 + 03:03 = 09:00.

Fig. 13.8 In the morning of April 8, 2016, the time when it will be
possible to sail over the sand bar is around the high
tide of 05:57 (3.3 m).

Fig.13.9 Table 5 of the Canadian Tide and Current Tables allows the calculations of times when the tides will reach certain heights, knowing the
amplitude (range) of a tide and its duration (time between a High and a Low) around the time of day considered.
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13.6 Tide estimations without the interpolation tables
Tide tables are usually available from various government or commercial sources, but navigators
don’t always have the interpolation tables which allow the calculation of intermediate tides (times
and heights). There are several ways around it. The first two given here assume a tide of average tide
duration, i.e. six hours. The third one gives more accurate values for any duration.

13.6.1 The rule of incremental 12ths
This method is the easiest when the heights of the tides are given in feet. During each of the first three
hours of the tide, i.e. from a High or a Low to the mid-point, the changes in tide levels are assumed to
be 1, 2 and 3 twelfths of the total tide range. During each of the following three hours, i.e. from the
mid-point to the following Low or High, the changes in tide levels are assumed to be 3, 2 and 1 twelfths
of the range. The height at any time between the High and Low is thus the sum of the twelfths of the
range accumulated since the High or the Low tide used as a reference.
Example: A falling tide has a range of 11 feet (difference between the height of the High and the
height of the following Low). By how much will the tide have dropped four hours after the High?
(1/12 + 2/12 + 3/12 + 3/12) x 11' = 9/12 x 11' = 99'/12 = 99 inches, or 8.25'

13.6.2 The rule of 1/10, 1/4, 2/4, 3/4 and 9/10
This method is simple when the heights are given in meters. The change in tide levels are taken to be
1/10, 1/4, 2/4, 3/4 and 9/10 from hour to hour between the high and low tides. These fractions directly
give the change in tide after one, two, three, four or five hours, without any need to add incremental
heights for each hour. The results are the same as with the method outlined above for the tides two,
three, and four hours after a High or a Low, but are slightly different (and more accurate) for tides
measured one or five hours after a High or a Low.
Example: a rising tide has a range of 6 m. By how much will the tide have risen four hours after the
Low?
3/4 x 6m = 4.5 m

13.6.3 Quick tide-graphic
Hand-drawing a sine wave on a sheet of lined paper (preferably with vertical lines also) is easy. It allows
the accurate calculation of any tide height at any time, knowing its High, its Low, and its duration.
It is the most accurate way of estimating intermediate tides, and takes very little time (Fig. 13.10).
1.	On a sheet, mark the heights of the High and Low tides on the vertical scale. It is easiest to use
scales of 10 for measures in meters, and scales of 12 for measures in feet.
2. On the horizontal scale, mark the times of the High and Low tides. A scale of six makes it easier.
3. Calculate and plot the mid-point (mid heights and mid times).
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4.	Manually draw a rough sine wave between the High and Low tides. It should run through the
mid-point.
5. Directly off the graph, read any height for any time, or any time for any height.
Example: Assume a tide with a High of 4.2 m at 12:45, and a Low of 0.8 m at 18:25 (Fig. 13.10). The
mid-point is at (4.2 m + 0.8 m) / 2 = 2.5 m, at (12:45 + 18:25) / 2 = 15:35. A sine wave plotted quickly
by hand can be drawn through these three points. With this plot, any tide between the high and low
can be read instantly.

Fig. 13.10 Example of the hand-drawing of a tide knowing its High and Low.
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13.7 Tides at secondary ports
The tides at secondary ports are not given in detail for every day of the year. Rather, the levels and
times can be calculated by applying adjustments to times and levels at reference ports. These correction
factors are given in special tables towards the back of each of the Canadian Tide and Current Tables.
The example given below explains the calculations.
Example: How high is the highest tide at Pender Harbour in the afternoon of July 14, 2016, and when
does it occur?
Step 1. Since the secondary
ports are classified by number,
we first look at the Index, p. 140
of Volume 5 of the Canadian
Tide and Current Table, to obtain
the number identifying the Pender
Harbour tide station: No. 7837
(Fig. 13.11).

Fig. 13.11 In Canadian Tide and
Current Tables, the
secondary tide stations are
listed by station number.
These are found in the
Index Table, at the end of
the manual. Here, Pender
Harbour is Secondary Port
No. 7837.
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Step 2. In the page for Secondary Ports, in Table 3 of the Canadian Tide and Current Tables, we
look for the main harbour on which the tides in Pender Harbour are based:
For station No. 7837, tides are based on tides at Point Atkinson, (Fig. 13.12, bottom left):

Fig.13.12 T
 he Secondary Ports are listed at the end of Canadian Tide and Current Tables, by region first, and then by
reference number. Here, Pender Harbour is part of the Malaspina Strait group in Area 4, under reference
number 7837. The tides at Pender Harbour are based on those of Point Atkinson, which are partially reproduced
in Fig. 13.13.
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Step 3. We go to the Point Atkinson page for July 14, 2016, (Fig. 13.13), and find that the height and
time of the highest tide in the afternoon is 3.7 m at 16:06 (15:06 + 01:00 for Pacific Daylight Time).

Fig. 13.13 T
 he tides at Pender Harbour are based on the ones in Point Atkinson. Here, on July 14, 2016, blown up on
the center of the image, we have the information on the Higher high, Lower low, High and Low tides in Point
Atkinson: the times are given in PST, and the heights in metres and feet.
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The highest tide at Pender Harbour will be similar to the highest tide at Point Atkinson, with slight
adjustments to the time and height. The adjustments are given on the same Table 3 of the Canadian
Tide and Current Table which we just used for the Secondary Ports. (Fig. 13.14)
Step 4. On the row for Secondary Port No. 7837 Pender Harbour, we find that the adjustment for the
time of a high tide is + 0:06, which means that the high tide in Pender Harbour occurs 0 h and 06 min
AFTER the high tide in Point Atkinson (i.e. after 01:06 PDT, the highest tide of the day).

Fig. 13.14 T
 he adjustments to make to the Point Atkinson tides in order to get those in Pender Harbour are given in
this table for the Higher high water (also applicable to High water) and the Lower low water (or Low water).
The adjustments for the height of the tides depend on whether the high or low water is normal (Mean) or
exceptional (Large). This is shown in Table 2 (Fig. 13.15). The time adjustment is valid either for all high tides
or all low tides.

On the same row, we see that two cases need to be considered: If the high tide at Point Atkinson (Higher
high water) is a normal high tide, i.e. a “Mean tide”, the adjustment in height for Pender Harbour
is +0.1 m: the high tide in Pender Harbour is 0.1 m higher than at Point Atkinson. If the high tide in
Pender Harbour is particularly high i.e., a “Large tide”, then the adjustment is + 0.2 m: the large high
tides in Pender Harbour are + 0.2 m higher than the ones at Point Atkinson. Is the 4.1 m high tide at
Point Atkinson on July 14 a Mean tide or a Large tide? We need to look at Table 2 of the Canadian
Tide and Current Table in the section Reference Ports (Fig. 13.15).
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Step 5. In order to determine if this particular high tide at Point Atkinson is mean or large, we need
to check on Table 2.

Fig.13.15 T
 his table tells us what a normal (Mean) tide is at Point Atkinson, and what an exceptional (Large) tide is. This
will tell us what adjustments to make to the heights of the tides at the secondary port of Pender Harbour.

From Table 2, we see that, for Point Atkinson, a Mean high tide is 4.5 m, while a Large high tide is
5.0 m. On July 14, 2016, our tide (4.1 m) is closest to a mean high tide (4.5 m). We therefore choose the
height adjustment for a mean high tide: + 0.1 m. (Fig. 13.14, Table 3, Higher High Water, Mean Tide)
We can now make the time and height adjustments, which are those for a mean high tide:
• Change in time: + 0 h 06 min. Pender Harbour highest tide occurs at 01:06 + 00:06 = 01:12
• Change in height: + 0.1 m. Pender Harbour highest tide is 4.1 + 0.1 = 4.2 m
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