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Charlie Page is a Boeing 787 Dreamliner pilot. Each Saturday, his column addresses common
questions about flying.
Have you ever watched the moving map on a flight? If so, you’ll have observed that the
height at which you fly changes from flight to flight. If you’re super observant, you may have
noticed that on longer journeys, this height changes a few times during the flight. But what
dictates how high you fly? And why does this often change during the flight?

Height, Altitude and Flight Level
First, let’s differentiate between some technical terms. Two of which you will have heard of,
the other, you may not have. Even though height and altitude are easily interchangeable in
common language, there’s actually quite a difference between the two in the aviation world.
Height refers to the vertical distance of an object above the ground. The structure of the Air
Traffic Control tower at Heathrow Airport has a height of 285 feet. This means that the
distance an object would fall if you were to drop it off the top would be 285 feet. Pretty
obvious.
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Altitude refers to the vertical distance of an object above sea level. The important factor
here is that this is very much dependent on the air pressure. As weather systems move
around the world, the pressure of the air changes above a certain location on the ground.
These pressure changes are like the air in an inflatable mattress. Imagine placing a model
aircraft on top of your mattress and treat the floor as sea level. As you pump air into the
mattress, increasing the air pressure, the aircraft rises higher than the sea. When you let air
out, lowering the pressure, the aircraft sinks closer to the sea.
As a result, pilots have to be aware of the air pressure for their location in the world. To
make sure they are flying the correct altitude, they have to update their altimeter
accordingly.
If you’re thinking that there still seems to be no difference between the two, you’re forgiven.
Hopefully the next bit will clear it up.

Terrain Clearance Is Key
Say you’re flying over the sea at 3,000 feet altitude on the local pressure setting. Because
you’re over the sea, this also means that your height is 3,000 feet. So there’s a lovely safe
distance between you and the water. Pilots like air between them and the surface. But what
happens when you reach land fall and fly towards some hills?

An aircraft flying at 3,000 feet altitude, when over land, may only have a height of 1,500 feet. (Image courtesy
Mapscaping.com)
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Assuming the air pressure stays the same, you’re still flying at 3,000 feet altitude, but as the
ground starts to rise underneath you, your height is now decreasing. If I was to tell you that
the tops of hills and mountains are measured in elevation — the vertical distance above sea
level — you’ll understand why altitude is of far more use to pilots than height. When flying
close to the ground, terrain clearance is key. If we know the elevation of the terrain below
us, by ensuring we have the correct pressure set, we can ensure that we keep a safe
distance between us and the terrain.
Looking at the chart below, you’ll notice that for a flight from New York to San Francisco, the
air pressure changes regularly. Constantly changing this for five hours would be tedious.
Also, if one aircraft forgot to keep theirs updated, a loss of separation could occur. As a
result, once above a certain altitude, pilots set a standard pressure setting, 1,013
Hectopascal’s (the unit of pressure measurement) and fly at Flight Levels.

(Image courtesy web.gccaz.edu)

By flying at a Flight Level (FL), aircraft can fly for thousands of miles without having to reset
their pressure setting. When climbing away from an airfield, ATC will instruct the pilots to
climb to a certain Flight Level. Take the last two 0’s from the altitude and you have the FL —
i.e. 23,000 feet becomes FL230. The pilots will change the pressure setting to 1,013 HPA and
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the aircraft is now flying at a Flight Level. When approaching the destination airfield, ATC
will instruct them to set the local pressure setting, the QNH, and from then on, they are
flying at altitudes.

How High Can We Go?
Now that we’ve cleared up the differences between altitudes and Flight Level, we can start to
think about why aircraft fly at certain levels and why this varies from flight to flight. First of
all, let’s look at the aircraft itself.
The engines on a modern jet aircraft are a phenomenal pieces of kit. The GE90-115B, which
powers the Boeing 777-300, is so big that I could stand in the engine and not be able to
touch the top. The way in which they are designed means that the higher they fly, the more
efficient they become. This means that pilots will normally fly as high as possible to
minimise their fuel usage.

The GE90-115B engine is massive piece of kit. (Image courtesy GE)
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However, if you read my previous article on turbulence, you’ll have learnt that the lift that
makes us fly is generated by the wings, not the engines. Basically, the wing relies on air
molecules passing over the surface to create lift. This is all well and good at sea level, where
the air is nice and thick, but as you go up in the atmosphere, it starts to thin. The higher you
go, the fewer molecules there are per cubic metre of air, resulting in less lift.
This produces an interesting tradeoff. The engine wants to be as high as possible. But try to
go too high and the wing may not be able to generate the lift required to reach that altitude.
As a result, there will be an optimum altitude for the aircraft to fly. This level maximises the
engine efficiency but also allows the wing to provide enough lift to fly safely. This is the basic
principle of level selection.
So how do you increase the lift available so that the engine can operate in the more efficient
higher air?

(Image courtesy sciencelearn.org.nz)

Going back to the vary basics, an aircraft flies because thrust drives it forwards, overcoming
the drag. When the lift is greater than the weight, it takes to the sky and flies. From this
diagram you can see that the lift competes directly with the weight. So if you want to
increase the lift, you have to decrease the weight.
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Now, you could open the doors and start throwing chairs and food carts out to reduce the
weight. However, passengers don’t tend to like it when they have nothing to sit on and pilots
don’t like it when they have no tea to drink. There is a more obvious way to lose weight.
In my previous article on fuel, I explained that a long-haul aircraft may take off with around
70 tons of fuel in its tanks. When the flight takes off, there is an optimum altitude at which
the aircraft will fly for its weight. As the flight progresses, fuel is burnt by the engines, which
reduces the weight of the aircraft. As the fuel on board reduces, the lift available becomes
greater than the weight, so the aircraft is able to climb to altitudes where the engines are
more efficient. This is why on a long flight you may start at 35,000 feet, a few hours later
climb to 37,000 feet and then some hours later climb to 39,000 feet.

Higher Isn’t Always Better
As with all things aviation, things are’t always that simple. There are other external factors
that affect how high we fly. First up, wind.
As a general principle, wind flows around the globe from west to east. This is why it takes
longer to fly from London to New York than the other way around. At times, these winds can
be so strong that they can have a major effect on the flight time. In an upcoming article, I’ll
be talking more about jet streams. However, for now, let’s just say that they are areas of
fast-moving winds.
If an aircraft can utilise these strong winds, it can cut considerable time off the flight time.
The only problem is that these jet streams tend to be at a lower altitude than the engines
are most efficient. Once again, there’s a tradeoff to be made.
All airlines have a flight-planning department, which studies the weather patterns to plan
the most efficient route for a flight. If the winds are so strong at a lower level, it may mean
that the saving in-flight time outweighs the reduced engine efficiency. So, even though the
aircraft could fly higher, it will fly at a lower altitude to take advantage of the strong winds.
This is particularly common on overnight flights from the USA to Europe.
Having read my article on turbulence, you’ll know that it’s often caused by variations in the
wind. The jet streams mentioned above are great if you’re in the fast moving core, as
conditions tend to be nice and smooth. But if you’re flying in an area between the slow
moving out air and the fast moving core, things can get bumpy. As a result, we like to fly at
levels that either keep us in the core of the jet stream or nicely outside it.
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Turbulence tends to be in areas on the edges of jetstreams. (Image courtesy weather.gov)

The above is all well and good if you’re the only aircraft in the sky, but in today’s busy
airspace, separation from other traffic has a bigger impact on how high we fly.
The skies above your head are more complex than you could ever imagine. Look up on a
clear day and you’ll see aircraft seemingly making their own way across the sky. In fact,
every movement — both laterally and vertically — is planned and coordinated with extreme
precision. Very much like motorways in the sky.
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These motorways follow a basic principle called the semi-circular rule. Aircraft are always
separated by a minimum of 1,000 feet vertically. When flying eastbound, a track across the
ground of 000° to 179°, aircraft fly at odd levels. Westbound aircraft, a track of 180° to 359°,
fly at even levels. Using this rule, ATC ensures that aircraft flying towards each other don’t
end up at the same level.

The Semi-Circular Rule.
Before we get airborne, a flight plan is submitted to ATC to inform them what level we plan
to fly at. This enables them to plan and co-ordinate all the traffic coming their way. When we
get airborne, we fine tune this level request based on our actual weight and pass this to ATC
over the radio. They then do their best to accommodate our exact request.
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For an example, take a flight from London to Boston. Due to the structure of the traffic
system over the Atlantic, there are only limited lanes of this motorway available. The only
way to get more aircraft into these lanes is to put them at different levels.
As a result, due to high demand at certain times of day, the level which we would ideally
prefer may not be available. We may have to take a different level, which could impact our
fuel usage, as explained in my article on fuel.

Bottom Line
Aircraft don’t end up at their altitude by mistake. A number of decisions have been made by
flight planners, ATC and pilots to ensure that your aircraft is flying at its optimum altitude.
So next time you feel your aircraft start to climb or descend during a flight, you’ll know that
it’s done to make sure that your journey is as safe and comfortable as possible.
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