
AVIATION CLIMATOLOGY

for the Professional Pilot

[image: ]

Book No. 17

Aviation Book Series

DR STEPHEN WALMSLEY


Copyright © 2024 Walmsley Publications

All rights reserved
No part of this book may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic, mechanical, photocopy, recording, or otherwise, without express written permission of the publisher. 

Disclaimer
Whilst every effort has been made to ensure the accuracy of the information, the author does not give any guarantee as to its accuracy or otherwise. Nothing in the contents of this book is to be interpreted as constituting instruction or advice relating to practical flying. Students preparing for their relevant exam should consult training their syllabus published by the relevant authority to ensure they are studying towards the most up to date syllabus. The author shall not be liable nor responsible to any person or entity concerning errors and omission, or loss or damage caused directly or indirectly by the use of the information contained in this book.


Aviation Books Series

[image: A cartoon of a plane flying over a flag  Description automatically generated with medium confidence]

The aviation books series provides the reader with an educational and enjoyable reading experience. A focus has been placed on practical, hands-on aviation by linking science with the real world.


Commercial Pilot series includes:


Book 8: Pilot Performance and Limitations

Book 9: Meteorology

Book 10: Aerodynamics

Book 11: Flight Planning

Book 12: Aircraft Structures, Powerplants and Systems


Professional Pilot series includes:


Book 13: Airport Operations

Book 14: Aircraft Performance

Book 15: Aircraft Weight and Balance

Book 16: Aircraft Engines

Book 17: Aviation Climatology

Book 18: Flight Navigation Aids  

Book 19: Advanced Flight Instruments


Contents

AVIATION CLIMATOLOGY

Copyright

Aviation Books Series

Chapter 01: Introduction

Chapter 02: Atmospheric Circulation

Chapter 03: Shifting Atmospheric Circulation

Chapter 04: Air Masses

Chapter 05: High Level Winds

Chapter 06: Pressure Systems

Chapter 07: Global Wind Patterns

Chapter 08: Climate Classification

Chapter 09: Tropical Climate

Chapter 10: Desert Climate

Chapter 11: Temperate Climate

Chapter 12: Continental Climate

Chapter 13: Polar Climate

Chapter 14: Changing Climate

Conclusion

About The Author



Chapter 01: Introduction
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Pilots flying aircraft of all sizes can encounter a range of weather conditions during a flight, from persistent rain, thick fog, freezing temperatures and gusty winds. Even with the latest technology, aircraft cannot fly through all types of weather, with many dangers lurking within the atmosphere. To properly understand how the weather conditions can impact a flight, pilots need to explore climatology. Each region has unique weather patterns due to local terrain, latitude and global atmospheric circulation. The weather patterns that dominate an area will influence various conditions, such as temperature, precipitation and wind. When all the different weather elements are brought together, it makes the climate of an area, and the study of the world’s climate is known as climatology. This big-picture understanding will not tell a pilot if it will rain at 11 am or how thick the fog will be in the morning. But it will provide a deeper understanding of the many moving parts that make up the weather systems around the world, which will help pilots make an informed decision about whether a flight can be completed safely.

We will begin our climatology journey by exploring the atmosphere, which acts like a huge climate machine. We will start with the ideal movement of air within the atmosphere, known as atmospheric circulation, which shows how the atmosphere attempts to transfer energy around the world. This movement of air creates areas of consistent pressure patterns, which heavily influences the weather conditions a pilot can encounter. However, the movement of air in the atmosphere is very complex. We will see how the seasons and the distribution of large land masses and oceans can modify the ideal atmospheric circulation. We will also see that the movement of air higher in the atmosphere is an important part of the Earth’s climate machine, which greatly impacts the weather conditions found near the surface.
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After we have explored the large-scale processes that push air around the atmosphere, we will zoom in a little and look at the different pressure systems. These pressure systems have a large influence on the climate that a pilot can find in an area, from calm winds to raging gales, driving rain to clear skies. We will explore the two main pressure systems in detail – highs and lows. We will see there are important variations of these pressure systems due to the underlying processes causing them in the first place, which results in vastly different weather.
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Once we have looked at the main ingredients that affect the weather in an area, we will explore the different climate groups. Latitude plays an important role in these climate groups due to its influence on the amount of solar energy an area receives, but it is not the only factor. We will see the nature of the surface has a considerable impact on an area’s climate, especially large land masses that heat up and cool down very quickly. We will also explore the unique hazards a pilot can encounter in each climate group, from towering thunderstorms near the tropics to freezing rain over continental areas. In the final chapter we will explore how climate can fluctuate or change. Some climate fluctuations are short-term, and after a few years the climate returns back to normal, such as El Nino. But there is also a more concerning warming of the atmosphere, which may result in unpredictable long-term changes to the climate.
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The weather and its associated hazards will be a major concern for pilots every time they leap into the sky. Although weather forecasting tools have made it easier for pilots to make informed weather-related decisions, they can never replace a solid understanding of the large-scale processes that shape an area's climate. This understanding will help pilots tackle any unexpected challenges they may encounter during a flight, which is why aviation climatology is a key topic pilots should master. 



Chapter 02: Atmospheric Circulation
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The atmosphere acts like a big machine, trying to move warm air towards the poles and cold air towards the equator. This movement of air within the atmosphere provides the foundations for many of the weather systems a pilot may encounter during a flight. The vertical and horizontal movement of air within the atmosphere is known as atmospheric circulation, which will be the focus of this chapter. We will see in the next few chapters that the movement of air within the atmosphere is very complex, especially when the seasons and large land masses are added into the mix.


People were interested in how air was thrown around within the atmosphere well before aircraft took to the sky, especially sailors who relied on the wind to move around the oceans. It was observed that regular weather patterns occurred in certain areas, which produced consistent weather conditions year after year. One of the most consistent weather conditions observed was low level winds that flowed towards the equator from the mid-latitudes (the mid-latitudes are broadly defined as the zone between the latitudes 30ᵒ and 60ᵒ in both hemispheres). In 1735, George Hadley proposed that these consistent winds were part of a large hemisphere-wide circulation that transferred energy. The idea was the warm surface near the equator would heat the air above, which would rise and expand. The air would continue up to high levels over the equator, and then spread northwards in the Northern Hemisphere and southwards in the Southern Hemisphere. Once the air reached the polar areas, it would subside (descend) and lose heat before returning at low level to the equator. This large atmospheric pattern was later called the Hadley circulation, as shown in Figure 2.1.
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Figure 2.1: The original Hadley circulation proposed a large hemisphere-wide circulation.


Although some aspects of the original Hadley circulation have proven to be correct, such as air rising near the equator, it has several flaws. This is due to the Earth’s atmospheric circulation being more complex than first thought, which is caused by the unequal heating of surfaces, the impact of Coriolis force on the movement of air, and the seasonal change on the whole circulation. Despite its flaws, we will see shortly that the Hadley circulation is still used to describe the movement of air within a small area of the atmosphere. 

Ideal Atmospheric Circulation

We will start by exploring the ideal atmospheric circulation, which ignores some of the complications of the real world (e.g. unequal heating and seasons). These complications are important for the climate that a pilot may experience, which we will explore in more detail in the next few chapters. 

[image: A map of the earth  Description automatically generated]


Figure 2.2: Air moves around the atmosphere within multiple cells in each hemisphere.



We will follow the movement of air around the Earth, beginning near the equator. With the equator area being bombarded by intense solar energy, the surface will heat up swiftly. The warm surface will heat the air above, which will rise through the troposphere (the first layer of the atmosphere). The air will eventually come to a halt near the tropopause, which will be sitting at about 50-60,000 feet in this area (much higher than the average tropopause height of about 36,000 feet due to the warm temperature). The tropopause acts like a lid to the weather in the troposphere, causing the air to spread out and flow towards the poles at high levels, northwards in the Northern Hemisphere and southwards in the Southern Hemisphere. Unlike the original Hadley circulation, this high level flow does not continue all the way to the poles, but subsides (descends) around the latitudes 30ᵒ north and 30ᵒ south of the equator (30ᵒN/S). This is because as the air leaves the equator, it begins to be influenced by Coriolis force. Coriolis force is caused by different parts of the earth spinning at different speeds, acting in different directions in each hemisphere:



In the Northern Hemisphere, Coriolis force deflects the air to the right as it leaves the equator.



In the Southern Hemisphere, Coriolis force deflects the air to the left as it leaves the equator. 



Due to Coriolis force, the air gradually begins to flow in a westerly direction at around 30ᵒN/S, which accumulates in the area. The accumulated air will subside and spread out once it reaches the surface. Some air then flows back towards the equator at low level, whereas some air flows towards the poles. The low level air that heads back towards the equator is known as trade winds – which were of great interest when sailors heavily relied on the winds to propel them around the oceans. The full circulation from the equator to 30ᵒN/S is known as the Hadley cell (after the original Hadley circulation theory), as shown in Figure 2.3.
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Figure 2.3: The circulation from the equator to 30ᵒN/S is known as the Hadley cell.



Before leaving the Hadley cell, it is important to point out a few important weather features that occur where the air is forced to rise or subside. Near the equator a low pressure belt known as the equatorial trough will form. The rising air inside the equatorial trough can create large thunderstorms that stretch up to 50-60,000 feet, which can produce a wide range of hazardous weather conditions, from torrential rain, severe icing and turbulence. The weather conditions are usually a little less dramatic at the other end of the Hadley cell. Large high pressure systems form where the air subsides around 30ᵒN/S, known as subtropical highs. These semi-permanent high pressure systems generally result in more favorable flying conditions. We will explore the equatorial trough and subtropical highs in more detail later in this book, as they both have a large influence on the climate around the world.
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Figure 2.4: The circulation of air from 30ᵒN/S to 60ᵒN/S is known as the Ferrel cell.



If we pick up where we left off at the end of the Hadley cell, warm low level air flows poleward from the subtropical highs, as shown in Figure 2.4. This low level air continues until about 50-60ᵒN/S, where the air is forced to rise again. This is an area that can experience a lot of adverse weather, as it is here that a battle between warm tropical air and cooler polar air occurs. This battle can create frontal depressions, which produce a range of hazardous weather over a wide area, from freezing rain, low clouds, persistent rain, and plenty of icing. These frontal depressions can form one after another, acting like a conveyor belt of poor weather. The air will continue up to the tropopause at around 50-60ᵒN/S, where some air will return at high levels towards 30ᵒN/S, completing the mid-latitude Ferrel cell.
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Figure 2.5: The circulation of air from 60ᵒN/S to the poles is known as the Polar cell.



The third and final atmospheric cell originates from the high level air leaving the frontal depression area, which heads towards the poles, as shown in Figure 2.5. Near the poles the air subsides and spreads out once it reaches the surface, creating persistent polar high pressure systems. The air will then return at low level to 50-60ᵒN/S, completing the Polar cell.
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Figure 2.6: A summary of the different cells moving air within the atmosphere.


The ideal atmospheric circulation provides the foundations for the weather patterns around the world, but it does suffer from a few issues. The Earth is assumed to be completely covered by water! This watery Earth scenario means temperature decreases evenly from the equator towards the poles, which makes the whole circulation a little simpler. However, large land masses heat up and cool down quickly, which can modify some of the main pressure areas. The other issue is the ideal atmospheric circulation assumes the sun’s energy is always most intense over the equator. Although the sun is directly over the equator during certain periods of the year, it is often north or south of the area. The seasons and variations in land masses have a large impact on the world’s climate, which we will explore next.  



Chapter 03: Shifting Atmospheric Circulation
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Pilots can come across varying weather conditions throughout the seasons, from a frosty start on a cold winter’s morning to blistering heat in the middle of summer. But not all areas experience the ‘classic’ seasons of warm, dry summers and cold, wet winters. In some parts of the world summer is the wettest time of the year, whereas in other parts the weather barely changes. The different weather conditions experienced during the seasons is a by-product of the movement of the atmospheric cells. In the previous chapter we looked at the ideal atmospheric circulation, which provided a great starting point for our climatology journey. In this chapter we will explore how the atmospheric circulation changes throughout the year, with a particular focus on the area being bombarded by solar energy, which affects the position of the Hadley, Ferrel and Polar cells in each hemisphere. 
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