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Introduction

Welcome to our course on Meteorology: an introduction to weather, climate and the environment, which forms part of PX1512.  It will be given by Ross Macpherson, from a course devised by Dr John S. Reid, Fellow of the Royal Meteorology Society and Cruickshank Lecturer in Astronomy & Meteorology. The class meets on Mondays in New Kings 1 (NK1) and Tuesdays in Kings College KCG8.  Both lectures are at 10 am, lectures beginning at 10.05.

Meteorologists have been collecting facts about the weather since history began.  Meteorology as a science is a young discipline, scarcely 150 years old.  Today, modern meteorology is at the cutting edge of science, using some of the fastest computers now made to tackle one of the most complex problems in applied physics, that of weather and climate prediction.  Meteorologists employ and develop the very latest in satellite remote sensing techniques and automatic environmental data logging.  Meteorology spawned the first study of chaotic systems and today it is intimately relevant to advancing areas such as ecology, pollution studies, land use, soil science and many others.  Meteorology is not just about weather forecasting but about the behaviour of the atmosphere, past, present and future, and the interaction of mankind and the environment with the atmosphere.  The atmosphere does not recognize national boundaries and meteorology as a discipline needs and enjoys strong international collaboration.  I hope you enjoy our introductory course and find it stimulating. 

To understand the atmosphere, we need to bring together a wide range of scientific concepts that are often taught separately.  You will find meteorology a subject that gives a good coverage of basic science.  It is also an inexact science in many respects, requiring a balanced judgement of what are the most important influences in any complex situation.  Meteorology is therefore a science with a very central rôle for human skills, quite apart from its direct relevance to our daily lives.  On this count, it is an excellent subject to study.

When you leave the lecture theatre, go outside and feel the wind in your face, the sunlight warming the day, if you are lucky, or the wetting rain; look at the clouds and say that this is a part of life you want to experience and understand.  Why is the weather and climate like it is?  Can the activities of society affect the weather?  A knowledge of the atmosphere is too important to be left to the professionals.  The ‘person in the street’, namely every one of us, needs enough knowledge to make sure as far as we can that we’re not exploited by the ignorant and the misguided, the greedy and the mischievous.  Just as vested in their interests can be sloganising environmentalists who combine weak science with a mantra of religious intensity.  A real knowledge of meteorology is personally satisfying, helps you form a balanced opinion on issues that are very much part of life today and if you end up with a job in meteorology you won’t be the first of our graduates to do so.

Course textbook

The course textbook can be your passport to success with this course.  It is Meteorology Today: an Introduction to Weather, Climate, and the Environment by C. Donald Ahrens.  The latest edition is the 8th edition, 2007, ISBN 0495-01162-2, replacing the 7th edition, 2003, ISBN 0-534-39771-9 and 6th edition, 2000, ISBN 0-534-37201-5.  The book is now at £41.99 (actually less than last year).  Earlier editions are just as useful so if you can get hold of one second-hand you’ll find it a valuable help.

The book contains about 550 pages packed full of good colour diagrams and photographs.  The text is thoughtful, well written and generally at an appropriate level for the course.  Each chapter has a summary, which you will find useful when revising.  At the end of the whole book there is a good glossary, giving the meanings of many words used in meteorology, a detailed index to help you find material and a chart with high quality colour pictures of archetypal clouds. 

In the 8th edition of Ahrens’ textbook, the previous chapter 4 of the 7th and earlier editions (which we omitted) has been moved to the end of the book.  Hence all the later sections we cover occur one chapter earlier in the 8th edition.  For example the topics that used to be in chapter 6 are now in chapter 5.

The text has some illustrations based on North American weather.  However, the science of meteorology is international and the principles illustrated are the same around the world. In class, we shall use British weather charts, where appropriate.  The course textbook is essentially your full set of notes.  References will be given in the lectures to where relevant material can be found in the textbook and diagrams used in the book will be used to explain material. The lectures will also contain material from other sources, too!

Finally, let me set your mind at rest that the lectures will not cover all 550 substantial pages of Meteorology Today.  There is a lot in the book and the course is billed only as an introduction to meteorology, not a comprehensive treatment.  You will find the text useful for providing more detail on topics covered in the lectures and setting them in a wider context.  Many people will want to keep the book after the course and read more of it at leisure.  You may be able to get a second-hand copy via the SRC or Blackwell’s.  This is one of the very best textbooks I've strongly recommended in any subject.

Three copies of this edition of the textbook are in the library’s 3-day loan section and some other copies of this and earlier editions are on the open shelves but you will find it particularly satisfactory to have access to your own copy of the 6th, 7th or 8th edition.

 

Illustrative material

In addition to textbook pictures, the lectures are illustrated with John Reid's personal collection of photographs, supplemented by illustrations from a range of meteorological sources. The following are acknowledged, with thanks: Atmospheric Environment Service of Environment Canada; Bureau of Meteorology, Australia; Uberto Bergman, Holland; Storm Dunlop, England; Koninklijk Nederlands Meteorologisch Instituut; Meteorological Service of New Zealand; Meteo France; Finnish Meteorological Institute; Instituto Nacional de Meteorologia, Spain; University of Wisconsin, USA; Vaisala OY, Finland.  My thanks also to Charles Duncan of the former Department of Meteorology at the University of Edinburgh.

 

Syllabus and examination

The syllabus will draw on topics in chapters 1-3, 5-9, 11-14 and parts of 17 and 19 in the 7th edition of Ahrens' Meteorology Today. For changes in chapter numbers in the 8th edition, see the previous comment.  A detailed list of the topics to be covered accompanies these introductory notes.  Keep this list to help you with your revision.  A copy of the lecturer's overheads will be put on the web in our physics pages, accessible by menu from the Physics' home page or directly at http://www.abdn.ac.uk/physics/meteo (see the WWW section of this introduction).  These will be in colour and include the graphics.  They are not a substitute for attending the lectures, for they contain no descriptive explanations or contextual material.  You should, though, find them useful in conjunction with the textbook for revising, or catching up if you miss a lecture.  Finally, summary sheets of the overheads are also available on-line.

At the beginning the course, the exam is simply something horrible that will happen a long time in the future.  The meteorology questions form one section of the PX1512 exam.  There will be 60 multiple-choice questions in this section, with a choice of 5 answers for each question.  You have to select the correct answer and fill in your selection on the University's standard multiple-choice answer sheet.  You score one mark for each correct answer and zero for a wrong answer, or no answer at all.  It's that simple.  There is no 'negative marking' for wrong answers.  The separate PX1512 overview document shows how this section of the exam fits in to the complete assessment for the course.  Make sure you have a copy.

The multiple-choice format has proved popular with the class and gives you credit for knowledge you have over the whole of the course material. Practice multiple-choice questions will be given in classes during the term and a mock exam run through just after Easter.  You can see what the last year's June paper looked like on the library's exam web page at http://www.abdn.ac.uk/library/examdb/.  Earlier course codes covering meteorology were PX1510 and PX1509. 

You are expected to spend on average about 4 hours per week on the meteorology, including attending the class, reading, homework and related activities. 

 

Course learning outcomes

By the end of this course you will 

· be able to look at many atmospheric phenomena with a confidence that you know in general terms what is going on

· be more perceptive of weather and its effects

· feel confident enough to apply some of the knowledge of the course to daily life, outdoor pursuits and other activities well away from normal formal study

· know enough about atmospheric science to judge public statements on the greenhouse effect, the ozone hole, El Niño, pollution spread and other topical subjects

· know about the extent, the structure and the composition of the atmosphere, about density and pressure

· know about the energy flow into and out of the atmosphere, about blackbody radiation and the important difference between long wave and short wave radiation

· know the difference between temperature and heat, and the cause of seasonal and daily temperature variations

· know how to quantify and measure atmospheric moisture and determine whether condensation will take place

· recognize the major cloud types and the conditions under which fog forms

· know about the stability of motion of air packets, cloud development and some effects of the atmosphere on pollution spread

· know how rain and snow are formed

· know the general circulation patterns associated with global and large scale pressure systems and the general weather patterns that arise from them

· know how pressure, temperature and other properties recorded in a typical ‘weather station’ are measured; appreciate the different advantages of polar orbiting and geostationary satellites

· appreciate the ingredients that go into making weather forecasts 

Homework and continuous assessment

There is a very good set of questions at the end of each chapter in the textbook: questions for review, for thought, for exploration and questions as problems and exercises.  You'll be more knowledgeable if you try some of them and study the textbook to help you deduce the answers.  However, this is a course with a difference.  It is one where there is a continuous panorama of relevant activity going on 24 hours a day that can be experienced by everyone.  One purpose of the meteorology course is to get you away from poring over books in the library and encourage you to observe the outside world.  You'll get far more out of the course by taking some extra time each week to look at the atmosphere, the clouds and the weather in general; notice if changes in temperature occur sharply or gradually; notice how different types of precipitation are associated with different kinds of clouds; look more frequently at the daily forecasts and how well, or otherwise, they match the actual weather; read more articles in the press, or in journals like New Scientist and the Scientific American, related to weather and climate, on topics such as global warming, the ozone hole, ENSO, ocean currents and much more besides; use the course meteorology web pages regularly.  There is plenty of relevance you can do as 'homework', including reading the designated chapters of the textbook, without spending a lot of time on weekly paper exercises.  As I’ve said somewhere else, University isn’t all about reading and memorizing, it’s as much about observing, thinking, judging for yourself.  I call this approach 'enlightened'; some of my colleagues may think it's open to you not to do anything at all.  I trust you’ll participate, for students taking the meteorology course seem to show a high level of initiative.

The 6th and 7th editions of Ahrens’ textbook have a CD ROM containing activities related to many topics that we cover.  Some of them can be undertaken from the CD ROM itself, others require an internet connection so that current data can be downloaded.  They add an extra dimension of interactivity not available by just reading the chapters and everyone should find some of the activities interesting and worthwhile.  The 8th edition includes markers to activities on the ‘Meteorology Now’ web-site.  An access card comes with the book.

There is one formal homework task during this course.  It is assessed at 10% of the overall course assessment.  You will be asked to complete a weather log for one week, either during the Easter holidays or on one of the weeks of term on either side of these holidays, as you choose.  A guidance sheet will be issued nearer the time.

Quantitative skills

A few words on numbers

The meteorology course is largely about facts, about ideas and about explanations of the natural world.  Meteorology is a comparatively modern science and science involves numbers.  It always has.  In descriptive arguments the numbers may be hidden in such phrases as ‘the most important effect is....’, implying that the effects have been quantified in some way and the biggest is such-and-such. Nowadays, numbers appear much more explicitly in all areas of science in the form of graphs, statistical summary figures, values of quantities deduced from measurement, and so on. 

The meteorology course will use numbers in the natural way you would expect to encounter them in a modern science.  All quantities will be measured in the SI system of units (Système Internationale), also known as the mks system.  Occasionally we’ll introduce related units that are still in common use (for example, millibars for pressure).  Everyone who has found their way to University should not have any difficulty with the numbers encountered in this course. You will be reminded (or learn) the units in which quantities are measured in.  Students who have taken the course Tools for Science will find that our meteorology and astronomy courses are good courses to take as a follow on.  The emphasis in these courses is on science, though, not technique.

A few words on formulae

The number that is needed to describe a measurement or support an argument does not always come ‘ready-made’. For example, when using an accurate barometer to find air pressure you measure the height of a column of mercury. Yet a height is not a pressure; it must be converted into one by the use of a formula involving the other quantities concerned, such as the density of the mercury. 

Another use of a formula is illustrated by the need to have a figure for the atmospheric pressure at different heights above the ground. The course will explain how this is given approximately by a formula that involves the well-known exponential function and two constants. The formula for the pressure P at height y looks like:
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Notice the typical use of symbols to represent quantities. y is the height in appropriate units, probably kilometres. To work the formula you need to be given the two constants P0 and H. The course will explain that P0 is the ground level pressure and H a measure of how quickly the pressure decreases with height. You need a calculator which can evaluate ‘scientific’ functions like exp, sin, tan, etc. and you need to recognize that the formula requires you to evaluate exp(-y/H) for a chosen value of y. That is all the background you need to use a formula like the one above. You will also need to know, for example, the meaning of T4 (at least as T T T T). If it seems an insult to your education to query whether you have this knowledge, remember that the meteorology course has no physics pre-requisites.

Formulae frighten some people. Indeed quite a lot of science students feel uncomfortable with them, to the extent that they choose to study traditionally non-numeric subjects. The bad news is that no sciences these days are non-numeric. Using a calculator to evaluate formulae should be part of the tools of the trade of anyone with a science degree (at least from the University of Aberdeen). What many lack is not the knowledge but some practice in working with formulae and confidence in getting the right answer. The meteorology course is not particularly numeric but you will see how formulae are used to support general arguments and you will get the chance to improve your skills in formula evaluation. If you have taken the first-year physics labs, you will remember that there is an appendix in the lab manual describing how to use a calculator, with examples. This appendix has been copied onto the meteorology web page. Anyone can read it and obtain a copy of it from the web. The meteorology course is much less numeric than the Physics labs.

A few words on formula manipulation

The meteorology course is not about formula derivation or even formula manipulation. It is about information and concepts. However, sometimes the information you read or have at hand may not quite be in the form you want it and there are two skills of manipulation that are very useful to remember. For completeness, they are given here.

The first idea is that if you have a relation showing that two things are equal, then you can add or subtract the same quantity to both ‘sides’ of the relation and the equality will be preserved. For example, the following relation shows how temperatures in degrees K are found from temperatures in degrees Celsius:
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The formula says that 273 must be added on to the number measured in Celsius to find the temperature in degrees K (which actually isn’t written with a  sign). Now subtract 273 from both sides and you will have manipulated the relationship to show how a measurement in degrees K can be converted to a measurement in  C, thus:
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Notice that two steps are needed to produce this re-arrangement. In the first, 273 is subtracted from both sides, and in the second the new right-hand-side is written first.

The second idea is that if you multiply both sides of an equality by the same factor, it remains an equality.  In the meteorology course you will get formulae as you need them but consider this example. You will learn that the wavelength () in microns of the maximum emission of radiation by a hot body at temperature T measured in degrees K is given by 
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A reasonable question might be to ask how hot a body has to be to have this maximum in the far-red region of the visible spectrum, at a wavelength of 0.75 microns? To answer, multiply both sides of the relation by T and divide both sides by . This will give:
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Now it is easy to put  = 0.75 into the right-hand-side and find that T = 4000 K.

A passing reference

For those who may be put off a text with equations in it, and even for those who aren’t, let me recommend a book of essays to you.  It must be beautiful: great equations of modern science, ed Graham Farmelo (Granta Books, London, 2003, ISBN 1-86207-555-7, pbk £9.99).  I bought my copy in Gatwick airport.  It has rave reviews from non-scientists and scientists alike.  “This book can open your eyes to new worlds….”.  “This superb collection of essays reveals the profound mathematical beauty at the heart of science”.  “Reads like poetry….”, etc.  Each chapter is about an equation that gets mentioned once.  The ideas behind it are explained clearly, set in their historical context and consequences for us all are drawn.  Equations run from the Molina-Rowland catalytic destruction of ozone to Drake’s equation predicting the likelihood of there being intelligent civilizations, though such favourites as E = mc2 and Schrödinger’s equation.  Don’t wait until you next go to Gatwick to get hold of a copy.  There are two copies in the University library

On-line numerical assistant

The more confident you are with numbers, the better the scientist you will be. To help you practice without the pressure of staff leaning over your shoulder as you work or asking you in front of a tutorial class whether you can do it, we have developed an on-line numerical assistant, in co-operation with the University's Learning Technology Unit. This assistant is a web-based resource with numerical questions relevant to particular courses, including meteorology, and feedback in the form of answers and hints. The questions give you practice using the sort of mathematical skills you are expected to have as a science graduate (in almost any subject) but which many people are rusty in. They also help you understand the concepts in the course (meteorology here) by seeing how they work in different circumstances. Questions on the same topic will come up with different numbers in them when you try them again. Hence if you make a mistake, you can try again without knowing the correct answer in advance. 

This assistant has been developed to improve your 'I-can-do-it' confidence when using numbers, in the privacy of your own working at a computer terminal. You can access it from the meteorology web page. Please use it. Instructions are included when you reach the numerical assistant web page. It doesn't matter if you make mistakes in your answers. In fact I'm a believer in the old adage that experience is based on the number of times you get things wrong. No hidden software records your performance. There will be a few numerical problems in the multiple-choice degree exam, so it makes sense to make sure you are up to speed in this area.  Please e-mail me with any positive suggestions for improving the assistant.

 

World Wide Web (WWW)

You can’t read in a book what today’s or tomorrow’s weather is going to be. Weather reporting is an obvious area where the World Wide Web can play a central rôle. Almost every aspect of meteorology is well served by the Web. A list of meteorological links has been established on our meteorology pages. These are grouped onto 3 pages. 

· The top-level page has links to Aberdeen forecasts, UK forecasts and climate data, and a links to our other relevant pages. 

· The second page of Met links has a lot more forecasts, including Aberdeen and NE Scotland forecasts, real-time data sites such as the Dundee satellite cloud picture receiver, links to bodies, more world-wide research programs and links to other sites specializing in meteorology listings. 

· Finally, on our third page of links, to 'related sciences', you may find information of particular use to students of Geography, Geology, Environmental and Pollution Science and so on.  Do use these web pages.  If you would like to recommend additional pages, please send me your suggestion.

On the main page, the lecture overheads will be put up.  For each section, there are also overhead summary sheets, 6 to a page, that can be printed as a revision aid.  Sometimes the overheads are updated in advance of the lectures, sometimes not but at least you’ll find last year's notes for lectures that haven't yet been given this year.  Once a section has been covered, any old notes are updated if this year's are different.  

Notice also the blue panel on the left of the page.  This has links to supplementary documents and to relevant pages.  There’s also a quick link to the astronomy component of PX1512.  To find the course web page, access http://www.abdn.ac.uk/physics and click on the button labelled Course links.  This will take you to a menu page from which you can select the 'meteorology' button.

Course Aims

· To outline the constituents and structure of the atmosphere, including the nature and significance of ozone and the ozone holes

· To discuss the energy balance in the atmosphere and its effects on climate, including the greenhouse effect and long-term climate change

· To discuss the occurrence of water in the atmosphere, the hydrological cycle, clouds and the formation of precipitation

· To describe methods of measuring temperature, pressure, rainfall, humidity, wind speed and direction, and other meteorological variables

· To discuss motion in the atmosphere, including global circulation, the movement of air masses, fronts and the typical weather associated with cyclones and anticyclones

· To encourage observations of the weather and the regular use of the WWW for forecasts, satellite imagery and other real-time data.

Course content

Text references are to Meteorology Today: an Introduction to Weather, Climate, and the Environment by C. Donald Ahrens [Brooks-Cole/Thomson, 8th edition, 2007, ISBN 0495-01162-2].  The overheads include page or figure numbers to material in the 6th, 7th and 8th editions.  The following course contents list will be helpful when you are revising.  It has been drawn up before the course has begun so there may be some minor variations.  Any significant deviations will be announced.

The Earth and its Atmosphere references to Chapter 1

Introduction, 200 years of observations at Aberdeen; extent of Earth's atmosphere, dynamic nature of atmospheric composition, major constituents of dry atmosphere, minor constituents; structure of atmosphere, definitions of density and pressure, units of pressure; decrease of pressure with altitude, exponential law of decrease of pressure with height; reasons for exponential law; consequences of exponential law; troposphere, stratosphere, mesosphere and higher regions; radiosondes and their purpose, rawinsondes, sensors for radiosondes, telemetry.

The Ozone Story references to Chapter 18

The ozone story (in chapter 17): where do we find ozone? Gordon Dobson at Aberdeen; is ozone beneficial?  Effects of ozone reduction, the solar UV index, the ozone hole, ozone levels around the world, ozone formation, ozone destruction; the ozone threat, long-term trends, what’s being done (Montreal and its successors), the UN and ozone; (returning to chapter 1) nature of weather and climate, areas of impact of weather on society.

Temperature & Energy: Warming the Earth and the Atmosphere Chapter 2

Nature of temperature, absolute zero, measuring temperatures in degrees Celsius and degrees Kelvin, need for absolute temperatures; The Sun’s radiation; blackbody spectrum from a hot body, concept of radiant energy emitted and absorbed, total radiant energy given by Stefan - Boltzmann law; example use of Stefan - Boltzmann law, emissivity of real bodies; global warming requirement; wavelength of maximum radiation (Wien's law) with examples; long and short-wave radiation; radiation balance and Earth's radiative equilibrium temperature; atmospheric greenhouse effect, greenhouse gases, media's greenhouse effect, importance of CO2 and CFCs; Earth's energy balance for short-wave radiation, Earth's total radiative energy balance.

Climate Change and Global Warming references to chapter 16

A topic of the times; 7-year span of daily temperatures; how do we find the facts?; proxies; the IPCC; climate change over 200 millennia; measurables from ice-cores; climate change conclusions; physical influences on climate; long-term greenhouse gas changes; CO2 changes over the past half century; IR absorption spectra of greenhouse gases; the carbon cycle; stabilizing CO2 emissions; CO2 predictions for a range of scenarios; global warming predictions for this century; radiative forcing drivers; effects of global warming; some implications and conclusions; comments on response strategies.

Seasonal and Daily Temperatures  Chapter 3 and reference to Chapter 16 Climate Change

Cause of the seasons, effect of Earth's elliptical orbit, Earth as seen from Sun, significance of the tropics, quantitative reduction in radiation on an inclined surface, sun tracks at different latitudes, effect at Aberdeen of reduced solar radiation; inverse square law of radiation; irradiation in summer, irradiation in winter; energy balance over the globe, transport of energy from equatorial to polar regions, mechanisms involved; influences on global climate, comparison of radiation received on Earth in different seasons; general meteorological independence of hemispheres, radiation received by a tilted hemisphere, influences on climate of equinox precessions and changing of eccentricity of Earth's orbit; long-term climate changes (with reference to part of chapter 16); daily temperature changes, warmest time of day is in afternoon; temperature changes with height near the ground by day and by night; decrease of diurnal temperature variations with height; insulating effect of ice and snow; sea-level isotherms; influence of water on daily, monthly and annual temperatures; definitions of specific heat capacity and latent heat; the wind chill factor; measuring temperatures, meteorological enclosures.

Water  Chapter 4

Atmospheric water exits in 3 phases, differences between the phases; phase changes - evaporation, condensation, sublimation and deposition; the hydrological cycle; measuring water vapour: humidity, specific humidity; parcels of air; average specific humidity around the globe; vapour pressure and partial vapour pressure in a mixed gas; saturation vapour pressure and exponential behaviour; relative humidity, daily change in relative humidity; dew point, as a measurement of humidity; measuring humidity, hygrometer, psychrometer, worked example, relative humidity calculations.

Condensation: Dew, Fog & Clouds  Chapter 5

Condensation on the ground and in air; condensation nuclei, typical properties; staying aloft; radiation and valley fog; forming fog; advection fog; naming of clouds, common types and their appearance: Cirrus (Ci), Cirrocumulus (Cc), Cirrostratus (Cs), Altostratus (As), Altocumulus (Ac), Stratus (St), Nimbostratus (Ns), Cumulus(Cu), Cumulonimbus (Cb), other clouds; digression on Luke Howard; some of Luke Howard’s drawings and other historical cloud drawings; more examples of clouds; classifying sky conditions; satellite observations, geostationary satellites, polar orbiting satellites; Dundee satellite image receiving station; selection of satellite images, satellite average temperatures in North Sea.

Atmospheric Stability & Cloud Development  Chapter 6 and Chapter 18 on Air Pollution

Concepts of stable, neutral and unstable equilibrium; revision of concepts of pressure, density and moisture content; buoyancy of air parcels depends on their density compared with that of their surroundings; stable and unstable parcels; ideal gas law describes link between pressure, volume and temperature; relation between density and temperature; concept of an adiabatic change in a parcel of gas; dry, moist and environmental lapse rates; measuring and plotting the environmental lapse rate; concept of absolutely stable air, stability accompanying a temperature inversion; meteorological conditions favouring stable air; chimney plume fanning, with references to the role of stability and inversions in chapter 18; conditional instability; unstable conditions; meteorological conditions favouring unstable air; instability encouraged; more on chimney plume dispersal with references to chapter 18: fumigation, looping, coning, lofting; summary of processes giving rise to cloud development; cumulus cloud formation; dew point and the base height of cumulus clouds; calculating cloud base height; structure of cumulus clouds; alto- and cirro- cumulus formation.

Precipitation  Chapter 7

Comparative sizes of condensation nuclei, cloud droplets and rain drops; growing a cloud droplet, reason why most clouds don't produce rain; growing a rain drop, importance of collision and coalescence; terminal velocity; rain, drizzle and heavy rain; ice-crystal clouds, mixed clouds, growth mechanisms for ice crystals, growth of ice crystals at the expense of supercooled drops; different forms of ice crystals, pictorial summary of generating precipitation; snow; sleet, freezing rain and hail; effect of atmospheric vertical temperature profile; measuring precipitation, rain radar; effectiveness of rain radar; its availability.

The Atmosphere in Motion: Air Pressure, Forces & Winds  Chapter 8

Atmospheric pressure is the key to understanding atmospheric motion; example of pressure difference aloft between warm and cold air columns; measuring pressure, the mercury barometer and aneroid barometer; sea-level pressure charts, isobars; chart features: depressions, anticyclones, ridges, troughs and fronts; upper-level charts, isobaric surfaces showing heights of constant pressure; Newton's second law of motion; special case of no force acting; summary of forces determining wind; pressure gradient force (PGF), relation to isobars;  origin of Coriolis force; consequences of Coriolis force; Coriolis effect on winds; nature of geostrophic wind, balance of PGF and Coriolis force; strength of geostrophic wind; cyclonic flow and the gradient wind, rôle of centripetal force, direction of wind in a cyclonic system; anticyclonic flow, direction in N hemisphere; sailor's version of Buys-Ballot's law; surface winds and effect of surface friction; summary, with modification of Buy's Ballot's law for surface winds; drawing wind arrows; use of wind arrows; Beaufort wind scale; Francis Beaufort; measuring wind: anemometer, Robinson cup, mechanical and electronic wind vanes; what use is a barometer?; example observatory.

Wind: Global Circulation  Chapter 10

General circulation patterns in the atmosphere; global circulation models; Lewis Fry Richardson; evolution of global models over the past 3 decades; the Hadley cell; 6 cell (pole-pole) model, location of permanent highs and lows; global winds, the ITCZ; a global view of Earth's clouds; winds from satellite measurements; ocean surface winds; real world winds, regions of semi-permanent highs and lows, changes from January to July; global precipitation; importance of winds aloft; jet streams, polar front jet; origin of jet stream; definition of angular momentum and effect of its conservation on poleward moving air; ocean currents, gyres; the Ekman spiral; El Niño; normal and El Niño circulation; TAO and monitoring the Equatorial Pacific ocean and atmosphere, sea-surface temperature records; atmosphere-ocean connection and the Southern Oscillation; El Niño and La Niña; wider effects of El Niño.

Air Masses & Fronts  Chapter 11

Concept of an air mass, source regions; types of air mass; general features of an air mass, cold advection and warm advection re-visited; front as a transition zone, recognizable characteristics; typical weather as a cold front passes, winds, temperature, pressure changes, clouds, precipitation, visibility and dew point; typical weather as a warm front passes; warm and cold occluded fronts and their weather; example of a warm occluded front arriving; radar example of a warm front approaching; stationary fronts; example pressure map showing fronts superposed on a satellite picture; separation of motion of weather system and its associate winds; example of weather associated with a week of winter high; example of high and low near Britain; example, snowy Easter; example of a sequence of passing lows.

Cyclogenesis: Middle Latitude Cyclones  Chapter 12 and 13

Cyclogenesis, the birth of cyclones; Polar front theory developed by Norwegian meteorologists; first days of development of a mid-latitude cyclone; day1 - the start; days 2- 5; up above: need to know what is happening aloft; convergence and divergence of air aloft; Rossby waves; cyclone tracks guided by Rossby waves; influence of Rockies on N. Atlantic weather; Polar lows; recap of weather when warm and cold fronts pass; (see chapter 13 for more extensive forecasting coverage than in the lectures) forecasting strategies; ingredients for making a modern forecast; the computer generated forecast.

A Note on Attendance

Attendance at lectures generally has a significant correlation with exam performance, especially in courses like this, where there are no tutorials.  As such, you must attend at least 75% of the lectures for this course.

The end
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