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Tides – Lecture Script 
 

The most regular feature of any coastline anywhere in the world is the daily rise and fall of the tides. What causes 
these tides? Why are they so regular? And why does their height differ so much from one day to the next and one 
location on the planet to the next? 
 
We’ll start this week’s conversation on tides with a review of tidal basics. First let’s look at a graph of tides in San 
Francisco during a 24 hour and 50 minute period. Unlike the graphs from last week, where the x-axis was 
distance, this x-axis shows time – or period. Remember that the period of a wave is the time it takes for one 
complete wavelength to move past a point. We calculated wavelength as the distance from crest to crest or trough 
to trough. As you can see in this image, the period of this wave is 12 hours and 25 minutes. We have a special 
name for the height of tidal waves – it’s called the tidal range. The tidal range is calculated by taking the vertical 
distance between the crest and the trough. The tricky part in this image is that the value for tidal range will 
change depending on which crest and which trough you use. Notice that in this image, there are two high water 
levels and two low water levels in the 24 hour and 50 minute period shown. We call the high water levels high 

tide, and the low water levels low tide. If you were on a coastline experiencing these tides, at midnight you 
would be experiencing a high tide, during which water would be neither rising, nor falling. We call this stillwater 
time slackwater. After midnight, sea level would drop slowly at first, and then faster and faster. Water is 
retreating from the land. We call this moving water an ebb current. It slows down its retreat as 6 am approaches. 
At 6 am, it has reached another still point or slackwater. And we are now experiencing low tide. After low tide, 
the water starts to return to the coastline, slowly at first, then faster and faster as a flood current. That current 
slows as 12:25 pm approaches, when we get yet another slackwater and a high tide. As the day continues, we get 
another ebb current until at about 6:40 pm we get another low tide, then another flood current until the next high 
tide at 12:50 am the following morning. 
 
We call this type of tidal pattern, in which the land experiences two high tides and two low tides in one 24 hr and 
50 minute period, a semidiurnal pattern. Because the water level of the high tides are different, as are the water 
level of two lows, we append the word Mixed to the pattern. So it’s semidiurnal mixed. 
 
An important consideration when looking at any tidal pattern wave, like this one, is to make sure you understand 
what is being used for the tidal datum – or zero level. In this case, zero is in the middle and likely reflects average 
sea level. However, for most tidal patterns, such as these from various parts of the planet, the datum chosen is the 
average low water level from the previous year. Or, if there are two lows each day of different heights, it’s the 
average of the lower low water levels. Why choose these numbers? Simply to avoid using negative numbers for at 
least ½ of the tides that occur on a beach. In fact, by choosing average lows, the water levels will be negative only 
during lower-than-average low tides. And these are considered special tides during which much of the coastline 
is exposed, and it’s a good time to explore tide pools, dig for clams, or clean the bottom of your boat. When tidal 
datum is the average or mean low water level, we show that by the acronym MLW (mean low water). When tidal 
datum is the average or mean lower low water level in an area with mixed tides, we show that by the acronym 
MLLW. 
 
This image combines tidal water levels with current names, including high and low slackwaters. It also shows 
how the current velocity reaches a maximum halfway between high and low tides and slows as it approaches 
high and low tides. And this image uses a tidal datum of MLLW, which is appropriate for this tidal pattern of 
semidiurnal mixed. Notice that there will be a negative water level at the second low tide of the day. This must be 
lower than the average from the previous year. 
 
Tides have been studied and data on tidal water levels have been collected for hundreds of years. In fact, their 
regularity makes them one of the few environmental phenomena that can be accurately predicted for over a year 
in advance. Tide books are available with this information at all fishing shops, and tidal data are available online. 
If you are planning to spend time along the coast, fishing, boating, swimming, or picnicking, be sure to figure out 
first what the tides will be doing in your area on that day. While we can predict tidal water levels, tides do not 
happen at the same time or the same way everywhere. In fact, they vary quite a lot from one part of the coastline 
to the other. So you must consult the data for a particular beach.  
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Here are a few things we can learn from studying hundreds of years of tidal data sets: 

 There are three basic tidal patterns: 
o Diurnal, which means one high tide and one low tide every 24 hours and 50 minutes. The highs 

and lows are roughly the same water level when they arrive. This graph shows diurnal tides in 
Pensacola, Florida. Notice that the tidal range is only about 20 cm – very small. 

o Semidiurnal, which means one high tide and one low tide every 12 hours and 25 minutes or two 
high tides and two low tides every 24 hours and 50 minutes. Water levels of each high are 
roughly the same. Water levels of each low are roughly the same. Boston Massachusetts has 
semidiurnal tidal patterns, with a tidal range between 2-3 meters. 

o Semidiurnal mixed, which means they behave exactly like semidiurnal tides in their periodicity, 
but the water levels of the two highs can be quite different, as can the water levels of the two 
lows. This mixed pattern from San Francisco shows a tidal range of about 2 meters or 6 to 8 feet. 

 Most locations experience only one kind of tidal pattern, though some locations can have the tidal pattern 
change throughout the month. Notice that Galveston, Texas experiences mixed tides only at certain times 
of the month, and semidiurnal the rest of the time. 

 Throughout every 29-day period, tidal range fluctuates on a 2-week period. Let’s look at Boston’s tides to 
see that more clearly. Starting with the first Neap Tide – or the smallest tidal range that appears on the 
left of the chart – we see tidal range grow for one week until it reaches a maximum. We call that 
maximum tidal range Spring Tides. Then tidal range diminishes again for another week until it reaches 
another low or Neap Tides again. And it continues this way – every week moving from Neap to Spring 
then back to Neap and back to Spring. Spring Tides happen every 2 weeks. Neap Tides happen every two 
weeks. Notice that during Neap tides, we get the lowest tidal range, which means the lowest highs and 
the highest lows. The opposite is true for Spring Tides, which have the highest tidal range, with the 
highest highs AND the lowest lows. At which time would you expect to get the negative tides that 
indicate really low water and good tidepooling? The Spring Tides! At which time would you expect 
water levels to be highest and thus the safest time to move boats through normally shallow water ways? 
Spring Tides. At which time would you want to plan a beach picnic so you could minimize water level 
changes around your picnic site? Neap Tides. Finally – there are some ships that must time their entry to 
San Francisco Bay to make it easier for them to pass below the Golden Gate Bridge without hitting it. 
They are looking for the lowest water levels. When would that be? Again, Spring Tides. This image 
shows a crane being carried under the Golden Gate Bridge in 2012. The ship had to wait outside the 
harbor mouth for almost a full week waiting for the tides to change. 

 Finally, when we look again at these tidal charts from various locations within just the United States, we 
see a lot of variety in, not only tidal pattern, but also tidal range. The smallest tidal range on this page 
occurs in Pensacola, Florida, which during its Neap Tides receives a tidal range of only about 6 inches. 
The highest is in Anchorage Alaska, with 34 feet of tidal range. In that area of Alaska, the tides rise and 
fall 34 feet two times a day. That’s a lot of land alternately covered and uncovered on a regular basis! 

 
So now that we know how tides behave, let’s figure out why. First of all, we know that tidal period is 12 hrs and 
25 minutes or 24 hrs and 50 minutes. What else has that same period? Earth’s rotation relative to the Moon. Also, 
we know that the Moon orbits the Earth once every 29 days, which is twice the periodicity of Neap and Spring 
Tides. Clearly these must be related. In fact, we can talk about tides as simply bulges of water that are pulled 
toward the Moon due to the gravitational attraction between the Earth and the Moon. Let’s look more closely at 
this gravitational attraction to see how it creates bulges of water. This image shows a spherical blue ball that is 
being pulled to the right by a gravitational force between itself and another body – the Moon. The side closest to 
the object has a longer arrow, because it’s being pulled with more force. The arrow on the opposite side is shorter 
because its force is smaller. Why? The gravitational force experienced between two objects is equal to a very small 
constant number, G, multiplied by the masses of both objects and divided by the distance between them squared. 
How would you make this Gravitation Force (F) greater? Increase the mass of the objects OR make the 
denominator smaller – decrease the distance between the two objects. So if we return to our blue sphere, we can 
see that the force of gravity on the closer side to the Moon will feel a stronger gravitational force than the other. 
What happens when there’s a differential force applied to something? It stretches out. Imagine this were a ball of 
jello flying through the air? If one side was pulled with greater force, that side would move further away faster, 
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leaving the other side lagging behind. Now let’s imagine the blue sphere is the Earth’s oceans, and let’s put the 
solid Earth in the middle. What results? Two bulges of water – one facing the Moon, the other on the opposite 
side from the Moon. And the solid Earth rotates under these bulges carrying various parts of the planet into and 
out of these bulges throughout the day. When you are standing under a bulge, you are experiencing a high tide. 
When you are between two bulges, you experience a low tide. 
 
How does the Sun fit in? The gravitational force that’s felt between the Earth and the Sun is greater than that felt 
between the Earth and the Moon. But it isn’t the total force that creates the tides – it’s the difference in force felt 
on one side of the Earth versus the other. And the difference becomes greater the closer the two objects are to each 
other. This image will illustrate it. Imagine the large sphere is the Earth and the smaller one the moon. This graph 
shows how Force of Gravity increases with proximity and decreases with distance. But again, it’s the difference in 
force that concerns us. So let’s look at a close moon versus a moon further away. For the close moon, when we 
take the difference between the near-side force and the far-side force, we get a value this large. When we move 
the moon away, we can see that the near-side force and far-side forces are close together. The difference is 
smaller. So the tides would be smaller. The Sun is a much more massive body than the Moon. However, because 
it is SO far away from the Earth, the differences experienced on the near and far sides are much much smaller 
than those produced by the moon. We can show that more clearly in this image, which is NOT to scale. It 
exaggerates the sizes of the bulges and minimizes the size of the Sun, but nonetheless it shows that there are 
always two bulges associated with the solar tides – one on the side facing the Sun, which is being pulled toward 
the Sun with a greater force – the other on the side away from the Sun, which is being pulled toward the Sun as 
well, but not as strongly and thus lags behind. The lunar bulges are situated similarly with respect to the Moon.  
 
Now that we have this model for the formation of Tides, we can also explain the periodicity of Spring and Neap 
Tides using the concepts we learned last week of constructive and destructive interference. As we have two 
different tidal waves – the lunar tidal wave and the solar tidal wave – they will always combine with each other. 
As the moon moves around the Earth, every 29 days, it will carry the lunar bulges into phase and out of phase 
with the solar bulges. When the two are in phase, which happens during Full and New moons, the two bulges 
constructively interfere, and we experience lower lows and higher highs and a much greater tidal range – Spring 
Tides. When the two bulges are out of phase, as in half-moons, the interference is destructive and the lows aren’t 
so low – the highs not so high – the tidal range is at its lowest, and we call these Neap Tides. 
 
So now we know that we can determine what kind of tidal range is happening based on the phase of the moon. 
But what about the period of one wave? Where does that come from? This picture shows the Earth’s rotation from 
the point of view of a point above the North Pole. Imagine you’re on the North Star, Polaris, looking down. 
Notice the stick figure that is starting under one of the bulges – experiencing high tide – on the side of the Earth 
facing the moon. 8 hours later that figure has rotated out of the high tide. Ebb current has removed water from 
the land. Low tide arrived. And now flood current is starting as the figure heads into another high tide. 16 hours 
later, the figure has left the high tide and is approaching low tide again. 24 hours later the figure is back where it 
started BUT, the moon has been moving during its rotation. The moon has moved 1/29th of its full orbit. The 
bulges have moved with it. So the figure needs to rotate another 50 minutes to meet back up with the bulge. And 
that’s why we experience two high tides and two low tides every 24 hours and 50 minutes. OR, more precisely, 
the period of one wave is 12 hours and 25 minutes.  
 
And now how do we explain different tidal patterns? This picture reminds us that while the Earth is orbiting the 
Sun and rotating through the lunar bulges, it is tilted at a 23-degree angle. The bulges line up with the ecliptic – 
Earth’s orbit. The latitudes do not. So if you are at the equator, you will rotate through two bulges of roughly the 
same water level and experience semidiurnal tides. If you are at the midlatitudes, however, you will move 
through two very different water-level bulges – one you pass through at its maximum, the other at a minimum. 
That provides you with semidiurnal mixed tides. And at the poles, you rotate through only one bulge per day. 
 
How does Earth’s orbit around the Sun affect the tides? As this picture shows, there is one time of the year that 
the Earth is a little closer to the Sun than others because its orbit is actually an ellipse. The Earth is closest to the 
Sun around January. What would we expect to experience then? Greater solar bulges. Which means greater 
interference between the lunar and solar bulges – more constructive interference when they’re in phase and more 
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destructive interference when they’re out of phase. The Spring Tides would be even springier and the Neap Tides 
even neapier.  
 
So that’s our story so far – the tides are governed primarily by the Moon – and it is for that reason that its 
periodicity and cycles are in synch with the Moon. But now let’s look more closely at those bulges. It’s all very 
well to say that the bulges stay in place and the Earth rotates under them. But we know that the oceans are 
confined to basins and continents do not move under these bulges as we rotate. How do we add in that reality? 
This image shows the Earth with a cut-out ocean basin, and we need now to take our bulge model of tides and see 
what happens when we confine those bulges to basins. Since the water can’t jump over the continents, it is forced 
to slosh back and forth across the basins as the Earth rotates relative to the Moon. This sloshing creates a rotary 
wave with a 12 hr and 25-minute period. This image shows that more clearly. Imagine that this basin represents 
the northern Pacific Ocean. Imagine that the bulge wants to stay in place – in line with the Moon – and the basin 
is rotating under it eastward. That means that the water appears to move westward. But remember to take into 
account the coriolis effect. As the water moves westward, it is deflected to its right – up against the edge of the 
basin. So it moves westward and northward in the Northern Hemisphere and the opposite in the Southern 
Hemisphere. Once it reaches the corner it is pushed southward, again deflecting right and sloshing up against the 
continents. So the tides behave in a basin much like water sloshing around the outside of a bucket. This video 
shows you that motion – counterclockwise in the Northern Hemisphere and clockwise in the Southern 
Hemisphere. If you imagine looking down at that motion from a birds-eye view, we can describe the motion of 
the tides in this amphidromic system. In the center of your bucket of sloshing water, there’s a point where the 
water level doesn’t change. We call that the amphidromic point. Around that amphidromic point, the tide rotates 
once every 12 hours and 25 minutes. These lines that look likes spokes of a wheel represent the location of the 
high tide every hour as it moves around the bucket. We call these lines cotidal lines because every location along 
the line experiences high tide at the same time. The concentric circles are called corange lines because everywhere 
along each circle, locations are equidistant from the center of the bucket and therefore they experience the same 
difference between high tide and low tide, or the same tidal range. This cross-section through the amphidromic 
system points out what the sloshing looks like from the side at one moment in time, where one side has water 
sloshing up – high tide – and the other water sloshing away – low tide. Notice that the tidal range increases as we 
move away from the amphidromic point. So where in this image would you expect to find the largest tidal range? 
As far away from the amphidromic point as you can get. 
 
We can use this new model of tides to explain why some locations receive a great tidal range than others and why 
tides progress clockwise in the Southern Hemisphere and counter clockwise in the Northern Hemisphere. Let’s 
look more closely at actual data of amphidromic systems from across the world’s oceans. Notice this system in the 
Northern Hemisphere off the coast of California. You can see a few things from this image. First, you can see that 
the tides rotary motion isn’t always the same speed. We see that the tides move up the coast of California 
northward. So if you have a friend in L.A., and she says that the high tide has just arrived at her beach, then you 
can expect it to arrive at Ocean Beach off San Francisco about 2 hours later. We can also use this chart to explain, 
at least partly, why Anchorage Alaska experiences such a large tidal range, while other parts of Alaska don’t. 
Areas with the largest tidal range are furthest away from amphidromic points, and those with the least tidal 
range are closest to them. The amphidromic system in the North Atlantic is very well defined, as are a few near 
the Indian Ocean. It gets more complicated where we near the equator and when two amphidromic systems are 
close together. But it’s a good record of general tidal movements in enclosed ocean basins. 
 
Let’s piece together again how you would draw an idealized amphidromic system in a square ocean basin in the 
Northern Hemisphere. First you’d start by creating the spokes of your wheel, the cotidal lines, all coming out 
from the amphidromic point center. Be sure to evenly space them so you get a divisor of 12. Then we can pick a 
starting point for our wave and demonstrate how it moves counterclockwise in even steps, in this case jumping 2 
hours for each spoke until we get back where we started, 12 hours and 25 minutes later. (In this case, we ignore 
the 25 minutes to make the image easier to draw – but in truth the complete circle IS 12 hours and 25 minutes 
around. Next we add the corange lines as concentric circles. And we label them with increasing tidal ranges as we 
move outward from the amphidromic point. 
 
One of the more exciting behaviors of tides is a phenomenon known as a tidal bore. This picture shows a tidal 
bore moving up a shallow embayment south of Anchorage Alaska called Turnagain Arm. Remember, this area 
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has a tidal range of 34 feet during Spring Tides. When 34 vertical feet of seawater rises in 6 hours and 12 minutes, 
and then falls again in the same time, it can cause quite a flood and ebb current, especially in areas that are flat, 
where waters can be required to move inland hundreds of miles to achieve that height. Where waters already 
exist, such as embayments and rivers, these fast-moving flood currents can create the effect of a wall of water 
migrating uphill. It is an incredible spectacle to see, as the power of the water can cause a lot of erosion along the 
edges of the embayment or river. And it’s a major navigational hazards for swimmers and boaters. Areas of the 
world that are prone to tidal bores and have large populations, like in China, usually have some kind of warning 
system to alert folks and give them time to move off the river or bay until the tidal bore has passed. These video 
images are from various places around the world where these tidal bores exist. As you can see, some enterprising 
surfers have taken advantage of these long-lasting high waves and ride them. The world record is over 30 
minutes for a single ride! Obstacles are quite different than surfing breaking ocean swell, however. Challenges 
riding the Amazon River tidal bore (or pororoca) include downed trees and alligators. Not all locations have tidal 
bores of course. To get one you need a large tidal range traveling into a low-lying  coastal river mouth or 
embayment or a narrowing. For example, we get a small tidal bore under the Golden Gate Bridge during Spring 
Tides. It has been known to overturn small boats, so it’s wise to pay attention to the tides and be sure to stay 
away from this area when the flood current is coming in. This sidescan sonar image showing the depths around 
the Golden Gate Bridge and illustrates the incredible strength of the tidal currents that run under the bridge – so 
strong that they have carved out a deep depression – 351 feet deep in fact – deeper than the edge of the 
continental shelf!  
 
Where is tidal range highest in the world’s oceans? The honor goes to the Bay of Fundy in Nova Scotia, Canada, 
with a range of 17 m or 55 feet. It achieves this high range due to its distance from an amphidromic point and its 
long embayment. The high tidal range means that ships that come into this bay have to time their entry with the 
flood currents to ensure there is water at the dock when they pull in. When the tides go out, their ships are left 
exposed on the mud flats. Good time to clean the bottom of the boat, but only if it can happen in 6 hours or less. 
The fast tidal currents associated with this area are caused by water pushing 200 km inland. One location along 
the St. John River is known for its reversing falls, which alternate their direction depending on the direction of the 
tidal current. This push of water is so strong that it is used in some places to generate electricity. This cartoon 
shows how this type of energy can be generated on both the flood and ebb currents.   
 
How do tides affect marine organisms? As you can see from this picture, when the tide is out, it’s not just humans 
who head out in search of clams and oysters. The wildlife takes advantage of the low tide as well – including 
large populations of birds, but also mammals like raccoons, foxes, and bears. When the tide rises, they retreat to 
the land, and predators of the ocean move in in search of the same crustaceans and mollusks coming out of their 
hiding place. These predators include rays, skates, and leopard sharks. So feeding happens in intertidal zones 
when the tides are beneficial. That means that these birds and mammals feed by the tidal cycle, not by the solar 
cycle. You will often hear and see large flocks of birds setting down in these areas, even when there’s minimal 
light, because it’s the best feeding time. 
 
Some marine organisms, such as horseshoe crab, grunion, and turtles breed, mate, or lay eggs according to the 
tides. This picture shows a regular sight along the southern California coast when the grunion swim up onto the 
beach at high tide on a Spring Tide to lay their eggs. Why then? For the same reason that turtles and horseshoe 
crab leave their eggs on the shoreline – these are the highest tides available in every 2-week period. Sea level 
should not get that high again for another 2 weeks, and that gives the eggs time to develop before the water 
returns to take them back into the sea. Turtles will lay their eggs far from the water’s edge, and the babies will 
have to walk to the water before they find safety there. But by arriving on the high tide, the mother turtles do not 
have to travel so far up the beach to get to the best safest nesting areas. How do these fish, crab, and turtles 
recognize the Spring Tides? Most likely by the sight of the full moon. 
 


