Wind Speed and Direction:
True and Apparent

A vessel in motion will experience an apparent wind that is a combination of the
true wind and the oncoming wind created by the boat’s forward motion. For a sailboat the
calculation of true wind speed and direction is important for the setting of the sails. For a
power boat the calculation is much less important.

Modern technology embeds the calculations in digital anemometers that convert
apparent wind speed information to true wind speed datarelieving the boater from the
need to understand the conversion. This note outlines the mathematics underlying that
conversion.

Consider Figure 1. The boat is moving in the leftward direction at speed sp; the
length of the vector is the boat’s forward speed. An apparent wind is coming from angle
0 off the bow, its speed indicated by the length of the vector suy. If the boat is not
moving, the apparent wind will coincide with the true wind, but as the boat gains speed
the apparent wind shifts so that it comes from a direction closer to the forward boat
motion.

Thus, the true wind will be coming from a direction aft of the apparent wind
direction, but at what angle (6 + w) and at what speed (Sww) ?

Figure 1

Forward wind (FW) coming from directly ahead at boat speed sp
Apparent wind (AW) coming from 6° off the bow at speed Saw

True wind (TW) coming from (6 + p)° at speed S




The Trigonometry of True Wind Speed and Direction

Figure 2 demonstrates the calculation of true wind speed and direction. The boat’s
position is shown at the origin. Angles are computed relative to vessel motion. The boat
is moving at speed s, creating a boat wind (BW) in the aft direction. The apparent wind
(AW) is flowing from 0° off the port at speed s,w. The (as yet unknown) true wind (TW)
is flowing from a.® off the port bow at speed sy,. The goal is to find sy and o from the
known values s,w, Sp, and 0.

Figure 2

Trigonometric Analysis:
Apparent versus True Wind

AW Direction of
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SawS1N(90-0) -sp
= SawC0S(0) -Sp

SawC0S(90-0)
= SawSin(0)

In Figure 2 the arrows show the directions of wind flow relative to the forward
direction. The boat is moving vertically, creating a downward wind flow on it. The origin
(O) is the current position of the boat. The AW direction is from 8° off the port bow and
the AW speed is S,w; both 8 and s,y are known. The triangle OCA represents the known
apparent wind status; AC = s,ysin(90-0) and AO = s,wc0s(90-0) are the sides of that
triangle. Noting the trigonometric identities sin(90 - 8) = cos(0), and cos(90 - 8) = sin(0),
we can rewrite the sides of oca as

Sides of OCA: AC =s;wc08(0), and AO = suysin(0).




We want to determine the true wind angle (0) and speed (sw) from the angles and
sides of the true wind triangle, oba. These sides of oca are

Sides of OBA: AC = AC - BC = s4wc0s(0) - sp
AQO = sa,sin(0)
The true wind direction and speed can be derived as
TW Direction: o = 90 -v

90 — tan (AB/AO)
= 90 — tan™ {[Sawc0s(8) - sp]/[saysin(0)]}

I

TW Speed: Sw = Sqrt(AC> + A0
={[5awc0S(0) - sp]* + [sawsin(8)]’}”

For example, suppose that the boat speed is 10 knots, and apparent wind speed is
16 knots at direction at 0 = 35°. The true wind direction is 71.3°, and true wind speed is
9.6 knots.

True Wind Tables

In the days before computers it was cumbersome to carry books with pages for
calculating rtrue wind speeds and angles for each possible boat speed and apparent wind
angle. Fortunately, the calculations can be reduced to a single page by noting that the
relationships hold if all speeds are divided by the boat speed, that is, if speed is defined in
“boat speed units (bsu).”Thus, we define s’y = Saw/Sp as apparent wind speed in bsus;
also, 8’ = Sew/Sp is true wind speed in boat speed units. This allows easy construction of a
table for true wind speed and true wind angle without direct reference to boat speed. The
resulting ratios can then be multiplied by boat speed to obtain actual wind speeds and
angles.

In the example above the boat speed in bsus is, by definition, s’y = 1.0. An apparent
wind speed of 16 knots and boat speed of 10 knots translates to s’aw = 1.60. The apparent
wind angle isl 35°. The true boat wind speed is 0.96 bsus, so the actual true wind speed is

sw = (0.96)*(10) = 9.6 knots.

This can be verified in the attached tables for true wind speed and true wind speed
angle. The rows are apparent wind speeds in bsus, ranging from 0.20 to 5.0. The columns
are apparent wind speed angles, from 5° to 180° . Finding the cell in the table for the
column headed 1.60 and the row headed 35° yields a true wind speed of .79 bsus (7.9
knots at 10 knot boat speed) in Table 1 and a true wind angle of 71.3° in Table 2.
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