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Introduction to Higher Geography


How to use this book


This book is one of two core text books and has been written to help you prepare for the SQA Higher Grade Geography examination. The focus of this core book is Physical and Human Environments and contains background information, course content, reflections and questions about each of the seven topics.





•  Atmosphere



•  Hydrosphere



•  Lithosphere



•  Biosphere



•  Population



•  Rural



•  Urban







[image: ]




The seven physical and human issues in this book have been broken down into a number of smaller descriptive topics. These are outlined in the table below.






	Atmosphere

	


•  Global heat budget



•  Redistribution of energy by atmospheric and oceanic circulation



•  Cause, characteristics and impact of the intertropical convergence zone










	Hydrosphere

	



•  Hydrological cycle within a drainage basin



•  Interpretation of hydrographs



•  Formation of erosional and depositional features in river landscapes:







    •  V-shaped valley


    •  waterfall


    •  meander


    •  oxbow lake











	Lithosphere

	



•  Formation of erosional and depositional features in glaciated landscapes:







    •  corrie


    •  arête


    •  pyramidal peak


    •  U-shaped valley


    •  hanging valley


    •  ribbon lake


    •  drumlin


    •  esker


    •  terminal moraine








•  Formation of erosional and depositional features in coastal landscapes:







    •  wave-cut platform


    •  headland and bay


    •  cave


    •  arch


    •  stack


    •  spit


    •  bar


    •  tombolo











	Biosphere

	


•  Properties and formation of podzol, brown earth and gley soils










	Population

	


•  Methods and problems of data collection



•  Consequences of population structure



•  Causes and impacts of forced and voluntary migration










	Rural

	


•  Impact and management of rural land degradation related to a rainforest or semi-arid area



•  Rural land use conflicts and their management related to either a glaciated or coastal landscape










	Urban

	


•  The need for management of recent urban change (housing and transport) in a developed and in a developing world city



•  Management strategies employed



•  Impact of the management strategies












Aims of the Higher Geography course


The Higher Geography course develops learners’ understanding of our changing world and its human and physical processes in local, national, international and global study contexts.


In our fast-changing and increasingly complex world, an underlying theme throughout this book is to encourage learners to interact with their environment.


This book will enable you to develop:





•  a wider range of geographical skills and techniques



•  an understanding of the complexity of ways in which people and the environment interact in response to physical and human processes at the local, national, international and global scales



•  an understanding of spatial relationships and of the complexity of the changing world, in a balanced, critical and sympathetic way



•  a geographical perspective on environmental and social issues and their significance



•  an interest in, understanding of and concern for the environment and sustainable development.





We hope that you agree with the significance and importance of these aims.


Structure of Higher Geography Physical and Human Environments


Each chapter in this book shares a broadly similar format and contains the following features:





•  Subject content



•  Background content considered to be relevant to full understanding of each theme



•  Key case studies



•  Tasks to test knowledge, understanding and application of skills



•  Opportunities for reflection



•  Opportunities for further research.





A glossary of key terms is also provided at the end of the book.


To pass the Geography course you are expected to have acquired a range of skills and be able to interpret and analyse a range of resources including maps, photographs, field sketches, cross sections, transects, statistical/tabular data and graphs. SQA, in the question papers, also expect you to be able to apply these skills to geographical contexts with which you may be familiar or unfamiliar. In addition to all of this, over the course you will become skilled at developing and applying factual knowledge, interactions and theoretical knowledge and understanding:





•  at local, national and global scales



•  within a range of urban and rural environments



•  within both developed and developing societies.





Throughout this book there is a focus on words such as causes, consequences, interpretation, impact, management and strategies.


Examination structure


The source of the information contained in this section is the Scottish Qualifications Authority – www.sqa.org.uk. You are strongly recommended to obtain a copy of the specification for the course and to refer to the website regularly for updates and information.


The SQA Higher Geography course contains three mandatory sections:





•  Geography: Physical Environments



•  Geography: Human Environments



•  Geography: Global Issues





However, within this you have some scope for choice. As stated earlier, there are two books in this series. The other book, Global Issues, contains the following key topics:





•  River Basin Management



•  Development and Health



•  Global Climate Change





These are the three most popular topics selected by the majority of schools to study. A fourth topic, ‘Energy’ is not covered in the Global Issues Book.


The four global topics have been broken down into a number of smaller descriptive topic areas:






	River Basin Management

	


•  Physical characteristics of a selected river basin



•  Need for water management



•  Selection and development of sites



•  Consequences of water control projects










	Development and Health

	


•  Validity of development indicators



•  Differences in levels of development between developing countries



•  A water-related disease: causes, impact, management



•  Primary health care strategies










	Global Climate Change

	


•  Physical and human causes



•  Local and global effects



•  Management strategies and their limitations










	Energy

	


•  Global distribution of energy resources



•  Reasons for increase in demand for energy in both developed and developing countries



•  Effectiveness of renewable and non-renewable approaches to meeting energy demands and their sustainability within different countries











How is Higher Geography assessed?


The course is assessed by three components:





•  Component 1: Question paper 1, Physical and human environments (100 marks*)



•  Component 2: Question paper 2, Global and geographical skills (60 marks*)



•  Component 3: Assignment (30 marks)





Total marks available 190*


* An explanation: SQA has chosen to scale the question paper marks. This means that while Question paper 1 is marked out of 100 and Question paper 2 is marked out of 60, there is a statistical process that will reduce the overall value of each paper to 50 and 30 marks.


The course assessment is graded A–D. Your grade is determined on the basis of your total mark for the three course components added together.


Components 1 and 2: Question papers (160 marks)


The examination is set and marked by SQA and appointed specialist teachers of Geography. There are two question papers. You are required to answer in an ‘extended-response’ manner (i.e. you must write in sentences, not lists or bullet points) using knowledge, understanding and the skills you have acquired during the course.


This book covers in detail the content for Question paper 1.


Question paper 1: Physical and human environments (100 marks)


Question paper 1 has two sections:





•  Section 1 Physical environments



•  Section 2 Human environments





Each section is worth 50 marks and consists of extended-response questions. You should answer all the questions in each section.


You have 1 hour and 50 minutes to complete this question paper.


The content for Question paper 2 is covered in the accompanying book, Global Issues.


Question paper 2: Global issues and geographical skills (60 marks)


Question paper 2 also has two sections:





•  Section 1 Global issues (40 marks)
This section consists of extended-response questions. You should choose two from the four questions. Each question is worth 20 marks.



•  Section 2 Application of geographical skills (20 marks)


This section consists of a mandatory extended-response question. You should apply geographical skills acquired during the course. The skills assessed in this section include the use of mapping, numerical and graphical information.





You have 1 hour and 10 minutes to complete this question paper


Your teachers will guide you regarding standards, structure, requirements and marking. The SQA web will publish ‘Specimen question papers’ with marking instructions.



Component 3: Assignment (30 marks)



Geography is not only about reading from textbooks. It is also about researching, thinking for yourself and applying all that you have covered in the classroom in a practical setting. The assignment is your opportunity to demonstrate the application of these skills, knowledge and understanding within the context of a geographical topic or issue. The time allocated for the writing up the assignment under ‘exam conditions’ is 1 hour and 30 minutes.


While this book includes ideas for assignments, the Hodder book How to Pass National 5 and Higher Assignments: Geography by Susan Clarke covers the skills in considerable detail.


The assignment allows you to show your skills, knowledge and understanding by:





•  identifying a geographical topic or issue



•  carrying out research, which should include fieldwork where appropriate



•  demonstrating knowledge of the suitability of the methods and/or reliability of the sources used



•  processing and using a range of information gathered



•  drawing on detailed knowledge and understanding of the topic or issue



•  analysing information from a range of sources



•  reaching a conclusion supported by a range of evidence on a geographical topic or issue



•  communicating information.





Examination techniques


The Higher examination set by SQA is fair and is based on a clear specification. The paper is designed to fit the allocated time. SQA has a long history of delivering quality examination standards. A Higher Geography pass is recognised as a useful and worthwhile qualification, so it is worth time and effort to develop your skills and knowledge to ensure you achieve a pass.


Figure 0.2 shows the examination jigsaw – recognise the six parts required to be put together so that you pass.
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Reflection


Take a moment and jot down what you have to do to fail your Higher Geography examination!


Take a moment and jot down why you deserve to pass.
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You probably felt it strange to consider what you need to do to fail but hopefully you have come up with some of these suggestions:





•  failure to revise



•  failure to manage your time



•  failure to turn up for the exam on the right day or time



•  failure to follow the task that you are set.





All of this is under your control!


Command words


In the Geography examination there are seven possible ‘command words’ (or instructions that tell you how to answer a question). The SQA course assessment notes say that you have an opportunity to demonstrate your knowledge and competency by:





•  using a wide range of geographical skills and techniques



•  describing, explaining, evaluating and analysing complex geographical issues using knowledge and understanding which is factual and theoretical, of the physical and human processes and interactions at work within geographical contexts on a local, regional and global scale.





Be aware that there is overlap between the key command words highlighted on page 10.





1  Describe: Identify distinctive features and give descriptive, factual detail. This is one of the most widely used command words. The marking instructions also allow you to further develop these points providing more depth.



2  Explain: Here you are asked to provide the causes of a feature, issue or pattern. You need to show an understanding of processes and sources. For example, ‘Explain the conditions and processes involved in the formation of a corrie.’



3  Evaluate: Weigh up several options or arguments and then come to a conclusion with regard to the importance, success or impact. Your judgement is important. Provide an insight into your thinking, leading to the decision or conclusion you reached. For example, ‘Evaluate the effectiveness of various methods used to control the spread of malaria.’



4  Analyse: You need to be able to break down the content into its constituent parts in order to provide an in-depth account. These questions involve relationships between and within a topic, and recognise implications, links, variety of views and consequences. For example, ‘Analyse the impact of migration on either the donor country or the receiving country.’



5  Account for: In this style of question you are asked to give reasons for trends, issues, decisions and alternative actions. Account questions, like many geographical tasks, are often based on issues which can be tested or may be subject to different views.



6  Discuss: The key idea here is to allow you to explore different ideas about a project or about impact or even change. Once again, you are expected to be able to review alternative scenarios. Although you can express your own views, you must also show an awareness of other contrasting views. For example, ‘Discuss the possible impact of global warming throughout the world.’



7  To what extent: Here you are asked to consider the impact of a plan, strategy or programme and to form a view on the success or failure of that programme. In Geography, there is seldom 100 per cent agreement about the outcome. Your awareness of the competing interests and values is important. For example, ‘To what extent has the Colorado River Management Project achieved its aims of ﬂood control and power generation?’





The process model


Geographers have a way of going about their business. Geography is a social science or a social subject and as such it has a logical and sequential way of looking at the world and the human and physical interactions. Figure 0.3 shows the process model that illustrates the way geographers approach issues.
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The marker’s perspective


What do markers look for? They look for relevance – so if it is not asked for, then do not include it in your answer. Markers love detail, so work really hard at your case studies. Higher Geography is only marked in full marks, there are no half marks. You need to write in sentences. If you look at a set of markers’ instructions (see www.sqa.org.uk) you will see how marks are awarded. For one mark you need to provide a developed (detailed) point, so get into the habit of writing sentences that show this.


Markers love to see that students have attempted diagrams to illustrate an answer. They will first mark all the writing and only then give additional marks for new information in and around the diagram. (Be aware though that if a question asks you specifically to draw a diagram you must do so as this forms part of the answer that will gain marks.)


Markers are fair and want you to do well. They like an answer that has a clear structure and can be easily read. Do not repeat yourself and get into the habit of using words such as, ‘this is because …’ or ‘an example of this is …’ Remember: you cannot lose marks, you only gain them.


To summarise, marks are awarded when your answers are:





•  relevant to the issue in the question



•  developed responses (by providing additional detail, reasons or evidence)



•  used to respond to the command words/demands of the question (e.g. evaluate/explain/analyse).





Revision strategies


There are many good revision books and websites and your teachers will give you advice. Here are our top ten tips:




  1  Create your own personal study space.


  2  Get organised: cards, pens, folders, highlighter pens, notes …


  3  Use relaxation techniques to get you into the mood for revision.


  4  Actively read and write notes.


  5  Use your notes and past papers.


  6  Be creative in your revision, for example try using mind maps.


  7  Leave your study space organised for the next session.


  8  Take breaks and time out and reflect on your revision session.


  9  Put in plenty of quality revision time.



10  Get support from family and friends.





Bonus tip: Consider whether you need your phone/tablet in the same room as you when you revise! You can either use technology to assist you with your revision to gain knowledge and skills OR it can be a distraction!


Examination techniques





•  On the day of the exam, be organised and arrive at the exam hall in plenty of time, with all the equipment needed.



•  Make sure that you have eaten and have brought water to drink.



•  Follow all the instructions and answer the correct number of questions from each section.



•  Remember relaxation techniques.



•  Remember that you have done the work so do not panic, read the question again and stay calm.



•  Keep your answers legible.



•  Make sure the length of each answer you write is appropriate to the number of marks on offer.



•  Be aware of time and manage it to maximum effect.



•  At the end, check all your answers and add details.





Figure 0.5 provides a helpful summary of the ideal approach to the exam.
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Chapter 1 Atmosphere



Introduction


After working through this chapter you should be able to apply geographic skills alongside knowledge and understanding of the processes and interactions at work within the atmosphere. These should be applied on a local, regional and global scale. In particular you should have a detailed understanding of the global heat budget, redistribution of energy by atmosphere and ocean circulation, and the causes, characteristics and impacts of the intertropical convergence zone (ITCZ).


1.1 What is the atmosphere?


The atmosphere is a blanket of gases surrounding our planet, held in place by the force of gravity. The atmosphere has numerous functions, not least being that in its current state life as we know it is supported and has flourished. It provides us with the correct balance of gases at lower altitudes to allow us to breathe and acts as a filter to remove harmful amounts of solar radiation which would otherwise wipe out life.


In addition, the atmosphere helps to:





•  retain heat that would otherwise radiate back into space, leaving the planet frozen and lifeless



•  move heat around the planet so that the lower latitudes are not too hot and the higher latitudes too cold



•  reduce possible temperature extremes between day and night (diurnal temperature variation).
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The atmosphere is a system that creates a balance of temperatures allowing life on Earth to exist.
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Research opportunity


Take a few minutes to search online for these topics:





•  How did our atmosphere form?



•  How has our atmosphere changed since it first formed?





Next, research the following topics:


global warming; climate change; greenhouse effect; ozone depletion; ozone; sunshine and skin cancer.


Think about how much discussion and debate is going on in this area (and how much material you could source for your assignment). You will find there is a lot of information. For a Geography student, a knowledge of the changes in our atmosphere over time and what caused them is helpful if you are considering these topics for your assignment.
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Composition and structure of the atmosphere


The Earth’s atmosphere is made up of many different gases: nitrogen (78.084 per cent), oxygen (20.946 per cent), argon (0.934 per cent), with the remainder being made up of small amounts of other gases, including carbon dioxide and water vapour (Figure 1.2).


Of the additional gases, water vapour (lower atmosphere), ozone (O3) (upper atmosphere) and carbon dioxide play a greater role than their tiny amounts would suggest. Ozone helps to protect life on the planet by filtering out most of the harmful incoming ultraviolet (UV) radiation from the Sun. If Earth was not protected in such a way from the radiation, animal/human flesh would be exposed to extreme burning, eye damage, damaged immune systems, genetic damage, skin cancers and eventually death. Vegetation would mutate, suffer cell damage and also die.
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Water vapour and carbon dioxide are two important greenhouse gases that help the atmosphere to trap some of the heat (infra-red radiation) trying to escape the planet and back into space. If the natural greenhouse gases did not do this, the Earth’s temperature would fall by around 33°C and life would be impossible.


In addition to naturally occurring constituents we need to be aware that human-created pollutants such as sulphur dioxide, nitrogen oxide and methane from industry, power stations and car exhausts enter our atmosphere. This knowledge will allow further engagement with the topics noted earlier for background and research opportunities. The amounts of these gases are only at trace levels but are believed to have the potential to alter our atmosphere and its life sustaining properties.


The atmosphere is not the same from the surface of the planet to its boundary with space. Atmospheric pressure decreases with height but temperature changes are more complex and help us to identify different vertical zones. Five separate zones have been recognised within the atmosphere and these are (from the surface upwards) the troposphere, stratosphere, mesosphere, thermosphere and exosphere (see Figure 1.3). Each of these has its own specific composition and characteristics. The boundary between each zone is called a ‘pause’ and is named after the lower of the two that meet. This means that the meeting point of the troposphere and the stratosphere is called the tropopause.
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For the purposes of Higher Geography the focus of study will mostly be on the troposphere and the stratosphere.


In the troposphere we find most of the atmospheric moisture, 75 per cent of all the atmosphere’s air and also dust. Due to human activity the majority of all atmospheric pollution is also found here. This is the layer where most weather and climate phenomena take place. Temperatures in the troposphere drop by 6.4°C for every 1,000 metres increase in height. This happens due to the surface of the planet being warmed by heat from the Sun, which in turn heats the air nearest to it and so the further above the surface the colder the air will be. Air pressure also decreases with height as the effect of gravity lessens.


Above the troposphere, the stratosphere is dry but marked by a steady increase in temperature. This is caused by a concentration of ozone (O3) that absorbs high energy UV radiation from the Sun. As mentioned earlier, the ozone layer also helps protect life on the planet from the harmful rays.


The boundary between the troposphere and the stratosphere (tropopause) varies in height due to latitude and season. At the equator it can reach up to 16 km but by the poles it is only 8 km.
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Task





1  Explain what the atmosphere is and why it is invaluable to life on our planet.



2  What is the composition of the atmosphere at present?



3  Explain the important role of greenhouse gases in the atmosphere.



4  How does the concentration of O3 in the stratosphere help to protect life?





[image: ]





1.2 Global heat budget


The global heat budget is the usable energy maintained by the Earth as a balance between energy received by the planet (input) and that which is radiated back out into space (output). This balance of energy powers the atmospheric system, ocean currents and climates which allow life to be sustained within the biosphere.


For the Earth, the Sun is the prime source of energy. The Sun is our closest star and, although the exact distance varies according to the position of the Earth in its orbit, it is approximately 150 million km away. The Sun is mostly made up of a hot plasma of hydrogen and helium gases and creates energy by thermonuclear fusion at its core. This energy is then radiated out from the core and into the solar system as heat and light (see Figure 1.4). Earth only intercepts a very small amount of this energy but it is vital for sustenance of life.
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Earth receives its energy as incoming short-wave solar (Sun) radiation. This is also known as insolation (a good way to remember this is by thinking of it as INcoming SOLar radiATION). This moves downward through the atmosphere, interacting with each of the layers and their components, reducing the final energy amount that reaches the surface and filtering out harmful rays (Figures 1.5 and 1.6).


Some 32 per cent of the insolation is reflected or scattered back into space. This is known as the albedo (the intensity of light reflected from an object, such as a planet). The albedo of the Earth is caused by reflection from clouds and the planet’s surface and scattering by gas particles in the atmosphere. In addition to this, another 19 per cent of solar radiation is absorbed by clouds’ water vapour and dust (Figure 1.5).


From these figures it can be seen that only around 55 per cent of incoming solar radiation reaches the Earth’s surface following absorption, scattering and reflection as it is passed through the atmosphere. Of this, only 49 per cent is absorbed by the surface (Figure 1.6).


The output from this system is mostly in the form of infra-red (long-wave) radiation. As it is coming from the Earth, this is referred to as terrestrial radiation (Figure 1.7). The incoming solar radiation was generated as short-wave due to the extreme heat of the Sun (approximately 5,505°C at its surface and 15 million °C at its core) while terrestrial radiation is mostly long-wave as it is nowhere near as warm. Of this long-wave energy, 6 per cent goes directly into space with the remaining 94 per cent absorbed by clouds, water vapour and carbon dioxide in the atmosphere. This remaining 94 per cent is not permanently trapped and will eventually be released back into space.
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The amount of insolation absorbed or reflected by the Earth’s surface is not a constant. It can be affected by the angle of the rays hitting the surface, due to its distance from the equator, and the Earth’s tilt at different times of the year. The composition of the surface, colour, rock type or coverage (soil, vegetation, ice or water) also has an effect. Lighter-toned surfaces have higher albedos (for example glaciated landscapes) and as such reflect more energy. Darker soils and even coniferous forests reflect much less. Areas of water (lakes, seas and oceans) are more problematic and rely heavily on the angle at which the Sun’s rays approach (Figure 1.8). When the Sun is higher in the sky (more directly overhead), water can absorb over 95 per cent of insolation, but at a steeper angle reflection increases.
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Artificial surfaces can also have an effect, especially in built-up areas with concrete (buildings and paved areas) reflecting up to 55 per cent and tarred (asphalt) surfaces (roads and car parks) 3 per cent when newly laid and 11 per cent when worn.


As mentioned earlier, water vapour, carbon dioxide and other greenhouse gases slow down the escape of terrestrial radiation from the atmosphere. This greenhouse effect acts as a blanket, retaining some of the heat and preventing the planet from becoming too cold.


It should be noted that much of the heating of the atmosphere comes from the energy being returned from the Earth’s surface (long-wave terrestrial radiation) and through latent heat given out when water evaporates, rises from the surface and condenses.


Energy receipt


The amount of energy received from the Sun varies very little and is known as the solar constant. This is the amount of radiation received without the effect of the Earth’s atmosphere. This figure is worked out to represent how much energy would be received at the surface of the Earth perpendicular (at right angles) to the Sun’s rays at a time when the Earth is at its mean distance (the average of the greatest and least distances) from the Sun. The amount is generally accepted as approximately 1366 joules per second per square metre (J/s·m²).


This does not mean that every place on the surface of planet Earth receives this amount. The previous section showed that there is a vertical reduction in radiation as it travels through the atmosphere, but figures indicate that there is also an imbalance of energy receipt on different locations on the planet’s surface. A simplified general rule would be that the further north or south travelled from the Tropics (towards higher or lower latitude) there is less energy being received at the surface per square metre.


Looking in greater detail, Figure 1.9 shows that:





•  between approximately 35° North and 35° South there is an energy surplus (more than is required) because insolation is greater than outgoing radiation



•  towards their respective Poles from 35° North and 35° South there is a deficit of energy (less than is required) as outgoing radiation exceeds insolation.
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In addition to this, more energy is absorbed by the surface between 35° North and 35° South than in the rest of the surface area of the planet.


This pattern of temperature reduction from the intensely heated Tropics to the extremely cold polar regions is known as the latitudinal or global temperature gradient.


As can be seen in Figure 1.10, this global temperature gradient appears to be due to a number of factors:





•  Between the Tropics the Sun’s rays are more concentrated (focused on a smaller area) than further north or south, due to the curvature of the Earth. Moving away from the equator the surface of the planet slopes away from the Sun, causing rays of insolation to spread out further. These rays entering the atmosphere would have equal energy but by being forced to spread out as the surface curves away they are distributed over a much larger area. (From the Earth’s surface the Sun appears almost overhead in the Tropics but at higher latitudes it is lower in the sky.)
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•  Again due to the curvature of the Earth, a ray will pass through less of the atmosphere near to the Equator than it will further north or south. This means that there will be more scattering and absorption of insolation in the higher latitudes resulting in less energy being received at the surface.



•  In addition to this, at the polar regions large amounts of ice and snow increase the albedo effect and much more incoming solar radiation is reflected back towards space than from dense vegetation around the equator.





While the tropical latitudes have almost equal lengths of day and night throughout the year the higher latitudes do not have this constancy of insolation amounts.





•  Earth orbits the Sun and because the planet is tilted on its axis parts of the Earth get more heat and light at different times of the year. During the northern hemisphere’s spring and summer this area is tilted towards the Sun and gains more insolation and the length of daylight increases (Figure 1.11). At that same time the southern hemisphere is tilted away from the Sun giving it its autumn and winter with less insolation and shorter daylight hours. This axial tilt (axial obliquity) has created the seasons and when the northern hemisphere is experiencing its autumn and winter (tilting away from the Sun) it will be spring and summer in the southern hemisphere. At two points in the year the Earth is in an up-right position in relation to the Sun giving equal lengths of night and day and insolation to both northern and southern hemispheres. These dates are known as the vernal equinox (March in the northern hemisphere and September in the southern hemisphere) and autumnal equinox (September in the northern hemisphere and March in the southern hemisphere) and Figure 1.11 shows this balance of insolation.
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What is clear is that if these conditions were the only thing that affected energy receipt and temperatures then the tropical areas would become hotter and hotter while those further north and south would become much colder. This would severely limit the chances of life surviving on the planet. Fortunately the Earth has developed systems through which thermal (heat) energy is transferred from areas of surplus to areas of deficit.
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Task





1  What is the global heat budget?



2  Explain the terms insolation and albedo.



3  Explain why only around 55 per cent of incoming solar radiation reaches the Earth’s surface.



4  What is terrestrial radiation and how does it affect the atmosphere?



5  What is the solar constant?



6  Explain why not all areas of the surface of the Earth receive the same amount of energy from the Sun.
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1.3 Energy transfer


Preventing the build-up of increasing latitudinal extremes in temperature is the interlinked redistribution of energy by atmospheric circulation and oceanic circulation. In simple terms, the energy is transferred from areas of surplus to areas of deficit by movement within the atmosphere and the oceans. It is believed that around 75 per cent of thermal energy is redistributed around the planet by atmospheric circulation and 25 per cent by ocean currents. These processes help to create and maintain the world’s climatic zones as we know them.


These processes are complex, interdependent and can be influenced/skewed by local conditions. However, general models have been developed to allow for the understanding of the basic principles.


Energy transfer through atmospheric circulation: three cell model


This model of atmospheric circulation is the one which most often features in examination papers. It was first put forward in the mid-nineteenth century and modern scientific studies have identified flaws within it. However, an understanding of the three cell model is an excellent starting point in the discussion of atmospheric circulation and energy transfer (Figure 1.12).
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The model also takes into consideration the spinning action of the Earth as it rotates around its axis to explain the movement of winds.


The Coriolis effect (or Coriolis force) gives a reason for the pathways of the major winds at the Earth’s surface. The Earth rotates from west to east, so in the northern hemisphere winds are deflected to the right, while in the southern hemisphere they are deflected to the left (Figure 1.13).
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The three cell model suggests that there are two sets of three interlocking atmospheric cells (convection cells) redistributing thermal energy. One set of three is active in the northern hemisphere and the other in the southern hemisphere. These sets of cells mirror each other with identical processes on either side of the equator (see Figure 1.16 on page 22):





1  Hadley convection cells



2  Polar cells



3  Ferrel cells.





These atmospheric cells redistribute thermal energy in the following ways.


Hadley convection cells


These cells are powered by the effects of surface heating and are known as thermally direct cells. They are located between 30° North and 30° South of the equator. In this model the equator is seen as the warmest place on the Earth. The intensity of the solar energy causes the Earth’s surface to heat up and in turn warm the air directly above it. The warmed air expands, becomes less dense, rises and creates an area of low pressure. This air climbs until it reaches the tropopause and spreads out along it towards the north and south (Figure 1.14).
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The air becomes cooler and denser with altitude and its movement away from the intense heat source at the equator increases this process. This causes the air to sink around the subtropics about 30° North and 30° South of the equator (the Horse latitudes). By sinking down towards the surface the air creates high pressure areas. This descending air splits and travels in two directions across the surface of the Earth. Some is drawn by the low pressure back in the direction of the equator, completing the Hadley cell, while the remainder moves towards higher latitudes to become part of the Ferrel cell. The air that is returned to the equator becomes heated again and the cycle of air movement within the Hadley cell continues.


The air that was returned towards the equator in the final leg of the Hadley cell creates surface winds known as the trade winds. Due to the Coriolis effect, in the northern hemisphere, the trade winds blow from the north-east giving them the name the north-east trade winds; in the southern hemisphere, the winds blow from the south-east and are called the south-east trade winds. These winds meet at an area known as the intertropical convergence zone (ITCZ).


The ITCZ is responsible for the delivery of precipitation to tropical West Africa which sustains life in that region. It is also one of the key areas of study for Higher Geography. We will look more closely at the ITCZ later in this book, so a good understanding of how the Hadley cell works and all of its component parts is vital. When convection causes the heated air to rise near the equator it takes with it a great deal of moisture and, as it cools and condenses at altitude, it can form massive and towering cumulonimbus clouds that produce thunderstorms.


As the air spreads north and south it releases the moisture it was carrying, providing much needed rain to the areas below. By the time the air sinks (about 30° North and South of the equator) it has lost most of its moisture. Where this dry air sinks to the planet’s surface we find arid regions and some of the world’s greatest deserts (e.g. Sahara, Kalahari, Australian and Atacama). Making these areas even drier is the heating effect of the land over which the air passes as it makes its way back towards the equator. As the air heats, it begins to suck up moisture from the land over which it travels, making these areas even drier.


Polar cells


Although a Ferrel cell lies between a Hadley cell and a Polar cell on the model, it is interlinked to both of these. An understanding of the actions at the Polar cells is important to the understanding of the creation of Ferrel cells and so we will look at the Polar cells first.


Polar cells are the smallest and weakest of the cells within the model. Like Hadley cells, Polar cells are thermally direct cells, relying as they do on surface heating to help power the system. Cold, dense air descends over the poles creating high pressure, then moves outwards along the surface towards the lower and warmer latitudes as polar easterlies. At around 60° North and South this air is warmed up and begins to ascend. As it rises it creates a zone of low pressure. The heating of the air at this point powers the cell. Air that ascended now moves back poleward to cool and drop down towards the surface, maintaining the cycle.


Ferrel cells


As you can see in Figure 1.16, the Ferrel cells are placed between the Hadley cells and the Polar cells. Unlike the other two types of cells, Ferrel cells are known as thermally indirect cells because they have a thermally indirect circulation which is dependent on the motion within the Hadley and Polar cells in between which they are found. The Ferrel cell moves in the opposite direction to the two other cells, being forced to rotate like a free spinning cog being turned by two powered cogs (see Figures 1.15 and 1.16).


As mentioned above, some of the air from the descending leg of the Hadley cell moves at ground level towards the higher latitudes rather than returning to the equator. When this air meets the Polar cell air moving to lower latitudes (around 60° North and South), it assists in the warming and ascent of the air within the Polar cell while being forced upwards itself. As some air moves northwards to complete the Polar cell, the remainder moves towards the south at altitude to complete the Ferrel cell.


The Ferrel cells allow for the transfer of warm air from the Hadley cell to the higher latitudes while also moving cold air to lower latitudes to be re-warmed.
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Research opportunity


If you are interested in the Coriolis effect and the way that it seems to bend winds the following experiment is a fun way to demonstrate this. Be sure that you do this safely.





1  Begin by selecting a football (soccer style) and at least two more people.



2  Go to a play park where there is an old-fashioned style roundabout (not at an angle but flat).



3  One person sits on the outside of the roundabout’s floor (make sure this person is sitting safely and is solidly balanced). A second person should sit in the middle of the roundabout, facing the person sitting at the edge. The person in the middle should have the football.



4  The third person now spins the roundabout.



5  Once the roundabout is up to speed the person in the middle should hold the ball as if to push it forward towards the person on the outside, then gently throw it straight at that person (the idea is not to make it easy or difficult or to hit the person on the edge but just to gently throw it towards him so that he could catch the ball comfortably).



6  Note what happens to the ball. Repeat a number of times to confirm what happens.





If you want to research this further, try a web search on ‘Coriolis force’ and/or ‘conservation of angular momentum’.
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1.4 Modern thinking on atmospheric circulation


Modern thinking on atmospheric circulation has been heavily influenced by the ability to check or challenge models through the use of large amounts of accurate and detailed data. Modern models are starting to include both local and global elements, surface types, land height, particles and pollutants, and be tempered by the growing realisation that the system is not a fixed one. The recognition that the system reacts to altering conditions has even influenced research into climate change.


So where do we stand at present? While being aware that the systems are actually more complex than previously believed, there is a tacit acceptance of a new three-part model. This model retains the Hadley and Polar cells but replaces, or greatly changes, the Ferrel cell with elements suggested from recent scientific observations:





1  There are alternate areas of high and low pressure which travel at relatively low levels.



2  Associated with these are a series of high-level wavelike motions known as Rossby (planetary) waves which travel around the globe from west to east (westerlies). Within these are found jet streams, narrow bands of fast-moving air (normally 160–320 km/h but which can reach speeds as high as 480 km/h. Jet streams assist with the rapid transfer of energy around the world (see ‘Jet streams’ section below).



3  These new observations acknowledge that the transfer of thermal energy is not only south to north or north to south but includes elements that are roughly horizontal to the lines of latitude.





Rossby waves


Rossby waves are long, variable velocity, east-to-west-moving waves (undulations) of air, found in the mid and upper troposphere, which travel around the globe. They can have a major influence on the weather. Rossby waves are created by:





•  variations in the temperatures of surfaces over which air travels (e.g. oceans/land)



•  lower altitude wind movements being forced to rise and drop when flowing over mountains (topographic forcing)



•  amplification by the Coriolis effect. In the northern hemisphere, air that is forced to rise turns to the right and, as it falls, it turns to the left, creating a peak and trough (up and down) pattern.





Rossby waves follow meandering paths around the globe and the number of meanders vary with the seasons with the highest number in summer (probably between four and six in the summer and three in the winter).


Figure 1.17 (on the next page) shows the northern hemisphere and demonstrates that the meanders formed by Rossby waves play an important role allowing energy transfer in this new model:





•  by looping southwards, cold polar air is moved/transferred further south (lower latitudes)



•  similarly, when the wave loops northward warmer air is moved/transferred further north (higher latitudes).





Some of these meanders can become very pronounced as they loop further south or further north, leaving a narrow neck. Much like its river counterpart in the formation of an oxbow lake, the neck of these meanders can be broken through and the meander detached. The Rossby wave now continues on a less meandering path but leaves behind a mass of:





•  cold air (southern loop)



•  warm air (northern loop).





This results in isolated pools of warm air in the higher latitudes or cold air in the low latitudes. These are often slow in dissipating or moving and can result in abnormal weather conditions in those latitudes where they have been left behind.
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Jet streams


Jet streams form due to a combination of the Coriolis force and proximity to the boundaries of neighbouring air masses with significant differences in temperature (Figure 1.18). On the Earth such marked temperature gradients exist between a) cold polar air and subtropical air and b) equatorial air and subtropical air and this is where the two main jet streams are found. The polar jet stream is the faster of the two, being generated at a boundary between two air masses where the differences in temperatures are much larger.
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Both hemispheres have polar jet streams (at 7–12 km) and subtropical jet streams (at 10–16 km). The polar jet streams are located between 40–60° North and South and the subtropical jet streams around 25–30° North and South. In the northern hemisphere the polar jet stream passes over the middle to northern latitudes of North America, Europe and Asia and the oceans between, while the southern hemisphere polar jet stream mostly circles Antarctica.


Rossby waves and jet streams are directly linked to surface high and low pressure systems.


The relationships between surface convergence and divergence and upper air flows are illustrated in Figure 1.19 and described below.


As a Rossby wave bends northwards towards the pole:





1  The air increases in speed.



2  The air spreads out (upper troposphere divergence) and as a result of this air is sucked up in an anticlockwise direction from below.



3  The air/wind is drawn inwards at the surface (surface convergence).



4  This upward movement of air creates an area of low pressure (cyclone/depression).
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As a Rossby wave swings southwards:





1  The air slows down.



2  The air piles up together (upper troposphere convergence).



3  Some of this air is forced to sink and does so in a clockwise direction.



4  This downward movement of air creates an area of high pressure at the surface (anticyclone).



5  Air/wind spreads outwards at the surface (surface divergence).





Rossby waves with their jet streams are very important for mid-latitude weather development. Not only do they help with the movement of the boundaries of warmer and cooler air, and assist in the development of high and low pressure areas, but they help to drive weather systems from west to east. A large proportion of everyday weather conditions are the result of the movement of depressions and anticyclones (see Figure 1.21 on page 26).


Scotland’s weather is affected by jet streams. In the autumn and winter months the polar jet stream is dragged further southwards due to the Sun’s position and the focus of its heating being at a more southerly latitude (Figure 1.20). As a result of its southward movement, this jet stream now passes over Scotland and directs a series of depressions towards it, bringing wet and windy weather. During the summer months it is usual for the polar jet stream to have moved northwards due to the Sun’s return to the northern hemisphere (Figure 1.20). This takes the path of the jet stream to higher latitudes much further north than Scotland. Due to this the usually unpleasant weather associated with depressions bypasses Scotland. If for some reason the path of the polar jet stream stays further south, Scotland can experience some very unseasonable weather during the summer months.


It should be recognised that the position of the Rossby waves and jet streams are not fixed (they move around quite a bit) and movements of warm air from the south or cold air from the north can buckle their path and direct weather systems to areas that would not normally experience them. Some climate change models suggest that there could be large-scale changes to the paths of the Rossby waves and jet streams if the planet continues to warm.
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Research opportunity


As atmospheric circulation depends on an understanding of the movement of thermal energy and air, this would be a good place to look online for animations of the processes. Try searching for animations of:





•  three cell model of atmospheric circulation



•  Rossby waves



•  jet streams



•  Rossby waves, jet streams and surface weather.





You may find it helpful and interesting to research the following:





•  First World War Zeppelins being blown off course at very high speeds. Was this due to jet streams?



•  Flying from North America to Scotland can be much quicker than the return journey. Could this be due to the jet streams?



•  Wasaburo Ooishi, a Japanese meteorologist, used weather balloons to track upper level winds as they ascended into the Earth’s atmosphere near Mount Fuji. Did he discover jet streams in the 1920s?



•  The Japanese use of the jet stream to enable their Fu-Go (hydrogen balloon bombs) to attack North America during the Second World War.



•  On Saturday, 20 March 1999, the Breitling Orbiter 3 balloon, piloted by Brian Jones and Bertrand Piccard, became the first balloon to fly nonstop around the world. How was the jet stream used to assist in this flight?



•  Are jet streams possible sources of clean energy in the fight against climate change?
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Task





1  Why does surplus energy need to be transferred between low and high latitudes?



2  Which systems redistribute the energy and for how much is each responsible?



3  With the use of diagrams, explain the workings of the three cell model of atmospheric circulation. Make sure that you show the differences between thermally direct and thermally indirect cells.



4  Detail what would be a more modern understanding of atmospheric circulation (newer or adapted models).



5  What are Rossby waves and jet streams?



6  What part do Rossby waves and jet streams play in the transference of energy in the atmosphere?



7  How is Scotland’s weather affected by the movement of the polar jet stream?



8  What is the difference between convergence and divergence of winds?
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1.5 Global wind patterns


Wind patterns have become established as part of atmospheric circulation and the redistribution of thermal energy. A very simple model of these global surface winds (Figure 1.22) has developed in line with the three cell model (including the effects of Coriolis force) described earlier.
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A general rule for winds is that they blow from areas of high pressure to areas of low pressure. From the three cell model we have identified latitudinal pressure belts between which the winds travel. These are, working from the equator both north and south, an equatorial low (intertropical convergence zone (ITCZ)), subtropical highs, subpolar lows and polar highs (Figure 1.22). The location and the winds can be identified as:





•  from approximately 30° North and South the trade winds converge on the equator. Around the equator there is an area of calm often referred to as the Doldrums




•  from approximately 30° to 60° North and South the mid-latitude westerlies blow poleward



•  from the Arctic and the Antarctic the polar easterlies travel to around 60° North and South.





Problems with the global surface winds model


As this model was based on the three cell model (see pages 19–22), it suffered from the same problems of age and flaws. Improved meteorological understanding and information gathering has shown that the positions of these winds are not locked into permanent bands but instead move with the apparent position of the Sun in the sky throughout the year.


Movement of the ITCZ


As described earlier in this chapter, the focus of the Sun is not always on the equator. Instead, as the Sun ‘migrates’ across the sky, the belt of maximum surface heating also moves. This belt is known as the thermal (heat) equator. Due to this the ITCZ moves north and south with the Sun and so do the pressure belts and trade wind systems (Figure 1.23).


Mid-latitude westerlies


These are more variable than suggested. In the northern hemisphere this may be linked to the effect of the alternating series of high pressure and low pressure areas created and moved by Rossby waves and the jet stream. Because there are fewer landmasses to block or deflect the winds, westerlies and their associated depressions in the southern hemisphere have stronger winds and may last for longer periods.


Polar easterlies


Some meteorologists point out that the polar easterlies do not appear to be regular. To some, this brings into doubt the existence of a Polar cell and suggests that these winds, when they do appear, should be seen as a result of mid-latitude depressions.


Anomalies in Asia


The model of global surface winds, and the three cell model on which it is based, would suggest that in summer a high-pressure area should be present over southern Asia. In reality there is low pressure that brings in monsoon conditions (high rainfall resulting in 80 per cent of southern Asia’s annual rainfall). Unlike the northern hemisphere where the oceans and land masses are aligned north to south, here the Asian continent lies to the north and the Indian Ocean to the south. The southern hemisphere has significantly more ocean than land (a ratio of 4 to 1 as compared to 1.5 to 1 in the northern hemisphere) and this has an effect on the weather systems. This is mainly due to water heating up and cooling down more slowly than land.
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Towards summertime, as the thermal equator and the ITCZ move northwards, there is increased heating of southern Asia. This forms a cyclonic monsoon cell which is, for a time, held to the south by the position of the subtropical jet stream. In the summer months the subtropical jet stream moves northward over the Himalayas into central Asia and this allows the monsoon cell to move further northward while being fed with moisture and warmth from the Indian Ocean (Figure 1.24). The additional heat helps to power the monsoon even further and the additional moisture increases its potential for rainfall. As this mass of wet and warm air moves towards the Himalayas it rises, is cooled and condensed and so creates the strong monsoon rainfall.


As the surface temperatures cool on the Himalayan (Tibetan) Plateau this creates the conditions that allow the subtropical jet stream to move back southwards over the Himalayan mountains, bringing with it cool air that sinks and encourages high pressure and dry conditions (an extension of the high pressure system over central Asia which is also due to the cooling conditions).


So, in general, atmospheric transfer of thermal energy is carried out through a complex system involving pressure cells and global winds which move energy from areas of surplus to those of deficit. For exams you need to know the simple three cell and global surface winds models (and the principles behind them) as well as being aware of and able to comment on more modern viewpoints and why the simple models can be criticised.
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Task





1  Describe the location of the three main wind groups, referring to their latitude and relation to areas of high and low pressure.



2  Explain the problems with this simple model of global surface winds which only describes the three main wind groups.
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1.6 Intertropical convergence zone (ITCZ)


Earlier when discussing Hadley cells the intertropical convergence zone was briefly mentioned. Its simple definition states that the ITCZ is where the trade winds from the northern and southern hemispheres meet. This forms a line that can be traced around the world.


Certainly the ITCZ got its name simply as a description of where the trade winds met but recent studies have shown that it is more complex and that the location of a low pressure zone is a vital element of its description.


A zone of low pressure at the thermal equator is on average a few hundred kilometres wide where, theoretically, winds move inwards and then rise through convection. This convection causes heavy rainfall and thunderstorms (Figure 1.25).
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At this stage it is helpful to think of the ITCZ as being the same around the Earth. This will make it easier for your studies, but you should also note that meteorologists are beginning to find some weaknesses in the global use of this term. They point out that their analysis of data shows that:





•  trade winds are mainly an oceanic feature driven by subtropical high pressure



•  continental tropical areas have wind systems driven by uneven heating of the Earth’s surface



•  subtropical highs are much weaker in continental areas and as a result, in some regions trade winds do not meet or may not be present at all.





Meteorologists refer to the meeting of the trade winds from the northern and southern hemispheres as the ITCZ where they meet over oceans, and to the tropical rain belt where they meet over continental areas. They believe that the tropical rain belts have much more to do with the low pressure and convection created at the thermal equator. For the present, however, we will look at these as a single phenomenon.


Knowledge of the workings of a Hadley cell is important to an understanding of the ITCZ and its effects (look back to page 20 of this chapter if you are unsure). What is certain is that the procession throughout the year of the Sun’s location relative to the Earth’s surface changes the point where the maximum heat is received (the thermal equator). This results in the movement of the position of convection and the Hadley cell northward and southward with the Sun (Figure 1.26). The position of the ITCZ may lag behind that of the thermal equator by two to three weeks.


Due to this movement of the ITCZ, tropical regions would normally experience a wet and a dry season every year.


The intense rainfall associated with the low-pressure area created by rising air at the position of maximum convection therefore moves north and south at the same time. In some areas, such as the Sahel in Africa (a semi-arid region bordering the southern edge of the Sahara Desert and running from Senegal to Chad), the northerly movement of the ITCZ is the slender lifeline that makes the difference between survival, famine and death.
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Although our case study is focused on Africa, the ITCZ (see Figure 1.23 on page 28) has an effect on areas all around the world and even slight variations in its timing or rainfall amount can cause wide-scale problems:





•  When the ITCZ has remained for longer than expected, Central America suffers from landslides that have killed thousands. Crops rot in the fields due to too much rainfall leading to food shortages, famine and resultant epidemic disease.



•  The United States experiences intensified hurricane events due to a slight positional change of the ITCZ in relation to the hurricane breeding grounds.



•  Recent studies suggest that the ITCZ pushes in front of it areas of higher air pollution while the precipitation from the convectional rainfall helps to cleanse the atmosphere of aerosols.





Case study: Africa and the intertropical convergence zone


What creates the particular qualities of the ITCZ in Africa?


We already know about the effects of the Sun’s heating and the ITCZ’s movement but we must also be aware of the air masses and trade winds that move towards this low-pressure area and help create some of its climatic qualities.


Winds from two air masses converge over Africa:





1  The south-west trade winds from the Tropical Maritime (mT) air mass



This air mass originates over the Atlantic Ocean within 30° of latitude of the equator. Having developed over water it has a high level of humidity of around 65–82 per cent. Its development in the tropics results in the area being hot. Unstable weather conditions are associated with this air mass. The winds developing from the mT air mass are known as the South-Western Monsoon (Figure 1.27).



2  The north-east trade winds from the Tropical Continental (cT) air mass



The Tropical Continental (cT) air mass has its origin over the Sahara Desert in the north of Africa (Figures 1.27 and 1.28). Travelling over these dry and hot regions results in the air mass developing similar qualities. It is hot with low relative humidity of around 10 to 18 per cent, bringing with it stable and monotonously predictable weather conditions, though these can be accompanied by poor visibility due to dusts picked up and carried by the wind. The winds developing from the cT air mass are known as the Harmattan (North-East trades).
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On its own, the convection created by the Sun’s heat on the line of the ITCZ would not necessarily bring heavy rainfall if it were not for the addition of the humidity brought to it by the Tropical Maritime air mass:





•  The low air pressure associated with the ITCZ draws in the air and winds from the Tropical Maritime air mass and this feeds the system with the moisture gathered from the Atlantic Ocean and the Bay of Guinea over which it has travelled.



•  This not only helps bring moisture to the line of the ITCZ but provides rainfall to the area behind it.



•  As the two air masses meet they are forced to rise rapidly, creating turbulent conditions and forcing the air to cool and condense as it rises. This creates massive thunderstorms and heavy precipitation around the line of the ITCZ.





In front (to the north) of the ITCZ, conditions are very different. Under the influence of the continental tropical air and winds this area experiences very hot and dry weather. Living conditions are extremely difficult.


Areas towards the northerly limit of the ITCZ are dependent on its arrival for survival. The rain that it brings may be all that is experienced within a year and is needed to enable crops or natural vegetation to grow or to replenish what little water supplies there are.
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Focus on West Africa – wet and dry seasons





•  July: The northern hemisphere summer sees the thermal equator reaching its most northerly position (summer solstice, mid-June). As such, the ITCZ is also at its maximum northerly location (~20° North) by July. With the movement of the ITCZ northwards an increasing area experiences its wet season. Moist air is drawn in from the Atlantic across West Africa (South-Easterlies from the Indian Ocean on the east coast) to create a wet season with its heavy rainfall (Figure 1.30). It should be noted that as the ITCZ moves further over land moisture is being lost and there is less available for rainfall at the northerly limits (Figure 1.27).
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•  January: The ITCZ migrates southwards to the Tropic of Capricorn and reaches its maximum southerly position by January following the Sun’s arrival (winter solstice, mid-December). Due to the larger landmass in the northern half of Africa, the ITCZ still affects the southern part of western Africa (from 5° to 8° North) near the coast but the majority of the landmass experiences a dry season (Figure 1.31). With the Tropical Continental air mass pushing south, rainfall is rare, temperatures are hot and the north-easterly Harmattan brings dust collected from its travels across desert regions (Figure 1.27).
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An overview of the annual rainfall patterns for the area of West Africa affected by the ITCZ shows that the further north:





•  the greater the concentration of rainfall within the summer months (wet season), with this being the only rainfall for those at the more northerly extremes
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