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            Chapter 1 Earth and Its Atmosphere This introductory chapter presents a broad overview of the physical structure of the atmosphere and its weather. The important and varied roles played by water vapor, which is a source of precipitation and latent heat energy as well as being the most important greenhouse gas, are given particular attention. Current concern over increasing concentrations of another constituent, carbon dioxide, and its possible effect on global climate are also examined. You have seen that the observed increase in CO 2 is a result of an imbalance between processes of release and removal. The principle atmospheric pollutants, including ozone, are listed but are covered in greater detail in a Chapter 18. The concepts of air density and air pressure are introduced and their variation with altitude is examined. A vertical profile of temperature shows that the atmosphere can be divided into several layers with distinct properties. Finally, you were introduced to the elements that constitute weather, seeing how weather conditions might be depicted on a surface weather map and in a photograph from a geostationary satellite Study Questions What are the most abundant gases in the Earth’s atmosphere? What is meant by the term “trace gases”? Why do we care about trace gases? What has been happening to the amount of CO 2 over the last 50 years? What is density? What is pressure? What are some common units for measuring pressure? How do pressure and density change with increasing height? Why? How does temperature change with increasing height? Why? What are the names of the 4 main layers of the atmosphere.? What are the names for the boundaries between layers? What measurements does a weather balloon make? Where is the closest place to us that weather balloons are launched? What is the difference between weather and climate? Chapter 2 Energy: Warming the Earth and the Atmosphere This chapter begins with a definition of temperature and a comparison of the absolute (Kelvin), Celsius, and Fahrenheit temperature scales. Heat, the flow of energy between objects having different temperatures, occurs in the atmosphere by the processes of conduction, convection, and radiation. Air is a relatively poor conductor of heat but can transport heat efficiently over large 
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Chapter 1 Earth and Its Atmosphere This introductory chapter presents a broad overview of the physical structure of the atmosphere and its weather. The important and varied roles played by water vapor, which is a source of precipitation and latent heat energy as well as being the most important greenhouse gas, are given particular attention. Current concern over increasing concentrations of another constituent, carbon dioxide, and its possible effect on global climate are also examined. You have seen that the observed increase in CO2 is a result of an imbalance between processes of release and removal. The principle atmospheric pollutants, including ozone, are listed but are covered in greater detail in a Chapter 18. The concepts of air density and air pressure are introduced and their variation with altitude is examined. A vertical profile of temperature shows that the atmosphere can be divided into several layers with distinct properties. Finally, you were introduced to the elements that constitute weather, seeing how weather conditions might be depicted on a surface weather map and in a photograph from a geostationary satellite
 Study Questions
 What are the most abundant gases in the Earth’s atmosphere?
 What is meant by the term “trace gases”?
 Why do we care about trace gases?
 What has been happening to the amount of CO2 over the last 50 years?
 What is density?
 What is pressure?
 What are some common units for measuring pressure?
 How do pressure and density change with increasing height? Why?
 How does temperature change with increasing height? Why?
 What are the names of the 4 main layers of the atmosphere.?
 What are the names for the boundaries between layers?
 What measurements does a weather balloon make?
 Where is the closest place to us that weather balloons are launched?
 What is the difference between weather and climate?
 Chapter 2 Energy: Warming the Earth and the Atmosphere This chapter begins with a definition of temperature and a comparison of the absolute (Kelvin), Celsius, and Fahrenheit temperature scales. Heat, the flow of energy between objects having different temperatures, occurs in the atmosphere by the processes of conduction, convection, and radiation. Air is a relatively poor conductor of heat but can transport heat efficiently over large
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distances by the process of convection. The latent heat energy associated with changes of phase of water is shown to be a very important energy transport mechanism in the atmosphere also. A physical explanation of why rising air cools and sinking air warms is given. The nature of and rules which govern the emission of electromagnetic radiation are reviewed next. The atmospheric greenhouse effect and the exchange of energy between the earth's surface, the atmosphere, and space are examined in detail. As the role of greenhouse gases in climate change is undergoing vigorous investigation, the latest research results are presented. You have seen that, because the amounts of energy absorbed and emitted by the earth are in balance, the earth's average radiative equilibrium temperature varies little from year to year. You should have understood that the energy the earth absorbs from the sun consists primarily of short-wave radiation. Energy emitted by the earth is almost entirely in the form of infrared radiation. Selective absorbers in the atmosphere, such as water vapor and carbon dioxide, absorb some of the earth's infrared radiation and re-radiate a portion of it back to the surface. Because of this effect, the earth's average surface temperature is much higher than would otherwise be the case.
 Study Questions
 What are some forms of energy?
 Temperature measures what?
 10 deg C is how many degrees Fahrenheit?
 Why do coastal areas have less extreme temperature ranges than inland areas?
 Which of these 3 substances takes the most energy to warm 1 kilogram by 1°C and which takes the least to warm it by 1°C: air, water, clay?
 To what does “latent heat” refer?
 How does evaporation and condensation transfer energy from the Earth’s surface into the atmosphere?
 In an oven, how do you know there is Conduction, Convection, Radiation?
 What is a wavelength? Does red or blue light have a longer wavelength?
 In what part of the spectrum is the Sun the brightest: ultraviolet, visible, infrared, or microwave?
 In what part of the spectrum is the radiation emitted by the Earth the brightest?
 What 2 gases in the Earth’s atmosphere are the most important absorbers of infrared radiation?
 What is by far the most important way that the Earth’s surface transfers energy into the atmosphere?
 Chapter 3 Seasonal and Daily Temperatures This chapter began with an explanation of the causes of the earth's changing seasons. Daily, seasonal, and geographic variations in temperature have important practical and economic implications and are examined next. Daily temperature is controlled by incoming energy, primarily from the sun, and outgoing energy from the earth's surface. While energy from the sun
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is generally most intense at noon, daytime temperatures continue to rise into the afternoon as long as energy input exceeds output. Because most of the incident sunlight is first absorbed at the ground and then transported up into the atmosphere, large temperature gradients can develop between the ground and the air just above, especially under calm wind conditions. At night, the ground cools more rapidly than the air above it, and a radiation inversion will often form. You saw that with an understanding of the factors which promote the formation of an inversion layer, it is often possible for farmers and growers to reduce the severity of a nighttime inversion and to protect cold-sensitive plants and trees. The psychological effects of seasonal change are also briefly mentioned. Temperature varies considerably on a geographical scale and mean and record temperatures observed throughout the world are summarized. The main factors that affect the range of temperatures at different locations around the world are latitude, elevation, and proximity to land, water, or ocean currents. Variables that can be used to characterize the climate of different regions, such as mean daily temperature, mean annual temperature, and annual range of temperature, are presented. Additional parameters were described, such as the number of heating, cooling, and growing degree-days, which can be used to estimate a region's heating or cooling needs.
 Study Questions
 Looking down on the North Pole, in what direction does the Earth rotate?
 How much does the Earth’s distance from the Sun vary during the course of a year?
 The Earth’s tilt is associated with what two effects that are responsible for less heating in winter and more heating in summer?
 If the Earth’s tilt increased, would seasons in midlatitudes probably be more or less extreme?
 How different is the heating between equator and pole in mid summer? In mid winter?
 How different is the temperature at different latitudes during summer? During winter?
 The tropics has a surplus of energy, while midlatitudes and the poles have a deficit. Why don’t the tropics get warmer and warmer and the poles colder and colder?
 At what level in the troposphere is the day-night temperature difference usually the largest?
 What is the usual effect of a gusty wind that mixes the air on the daytime high and the nighttime low temperature?
 What time of day usually has the highest temperature? Lowest temperature?
 The Earth’s surface is heated by the Sun during the day and cooled day and night by infrared emission, conduction-convection, and evaporation.
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How can the side of a hill be warmer than the hilltop or the valley?
 Give examples of how ocean currents can affect the temperature of a coastal area.
 How does elevation typically affect temperature?
 Where should you put a thermometer if you want to measure air temperature accurately?
 What are some other ways of measuring temperature?
 Chapter 4 Atmospheric Humidty The transformation of water from the gaseous to the liquid or solid state is an important source of energy in many meteorological processes and also makes weather phenomena visible to us. Some of the ways of measuring and expressing atmospheric water vapor concentrations were discussed in this chapter. The chapter began with the hydrologic cycle and descriptions of the different phases of water. The important concept of saturation is developed next. Saturation represents an effective upper limit to the amount of water vapor that may be found in air and is a function of air temperature. Several different parameters used to express the air's humidity including absolute humidity, specific humidity, mixing ratio, and water vapor pressure are defined and explained. Because of recent trends in radio and television weather broadcasts, you have likely heard the terms “dew point” and “relative humidity.” These concepts were compared, and you were shown that the dew point temperature not only provides a better absolute measure of the air’s water vapor content than the relative humidity but also its utility in forecasting minimum temperatures. The heat index, a practical measure of the effect that a combination of hot temperatures and high humidity has on our perception of temperature, was examined. Some of the techniques and instruments used to measure humidity were described at the end of the chapter. The chapter also included interesting discussions of the average geographical variation of dew point temperature, and in the chapter’s final focus section, the effect of atmospheric moisture on baseballs in flight.
 Study Questions
 What do you call the direct transformation from ice to vapor? From vapor to ice?
 Explain why it would be very unusual if only evaporation were taking place without some condensation occurring at the same time and place.
 What is saturation?
 What is correct and what is incorrect about the statement: Warm air can hold more water vapor than cold air.
 What is vapor pressure?
 What is saturation vapor pressure?
 What happens to the saturation vapor pressure as temperature increases?
 The saturation vapor pressure equals what other pressure when water boils?
 What happens to the boiling temperature as you go to higher altitudes? Why does this happen?
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What is the definition of relative humidity?
 What is the definition of dew point temperature?
 Can the dew point temperature be lower than the air temperature? Equal to the air temperature? Greater than the air temperature?
 How much does the dew point temperature usually change during 24 hours?
 Describe how relative humidity changes during a day.
 How are the dew point and the air temperature related when the relative humidity is near 100%?
 When the relative humidity is low?
 What is true about the dew point when air has many water vapor molecules?
 Can air have a low relative humidity & a low dew point?
 Can air have a low relative humidity & a high dew point?
 Can air have a high relative humidity & a low dew point?
 Can air have a high relative humidity & a high dew point?
 Why does Florida air usually have a higher dew point temperature than California air?
 Why does your skin get dry during winter, particularly up north?
 Why is it vague to say that the air in a certain place is humid? (dew point versus relative humidity)
 What fraction of evaporation occurs over oceans?
 If all the water vapor in the atmosphere, would rain out (an impossibility), how deep would it be over the surface of the Earth?
 What region of the continental US typically has the highest dew point temperatures?
 How could you measure the dew point temperature?
 Chapter 5 Condensation: Dew, Fog and Clouds The formation of dew, frost, and various types of fog and clouds were discussed in this chapter. Dew or frost form when moist air next to the ground is cooled to or below the dew point temperature and water vapor condenses onto objects on or near the ground. Meteorological conditions that favor the formation of dew or frost were examined. The role that condensation nuclei play in cloud formation was considered next. We saw that the formation of fog is a progressive process that starts at relative humidities less than 100 percent when water vapor begins to condense onto hygroscopic condensation nuclei in the air. Cloud droplets scatter light, and a cloud layer that forms near the ground is officially designated haze or fog depending on the reduction in visibility that it causes. Fog can be produced under a variety of situations: by cooling moist air to saturation, by evaporating or by mixing water vapor into the air. Factors that may make a region prone to fog formation were examined; techniques used to disperse fog are discussed in a focus section. In the next section, you were shown that a seemingly infinite variety of cloud forms can be classified into ten basic types according to their appearance and the
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altitude at which they form. Photographic illustrations of the basic cloud types and several unusual cloud forms were given. The chapter ended with a discussion of weather satellites and the kinds of information that may be derived from them. A final focus section described the details of how clouds are measured by satellites.
 Study Questions
 What is the dew point temperature?
 What is a condensation nucleus?
 How common are condensation nuclei?
 What does it mean if a condensation nucleus is hygroscopic or hydrophobic?
 What common substance is hygroscopic?
 If hygroscopic condensation nuclei are present, how low can the relative humidity be for condensation?
 How does a dry haze look different from a wet haze?
 What type of cloud is radiation fog? Advection fog?
 What is upslope fog? Where does it occur?
 What is steam fog?
 What is the basis for naming clouds?
 What are the types of low clouds? Middle clouds? High clouds?
 Which clouds extend through a significant vertical distance?
 Name the clouds in the following pictures.
 To what does “cloud ceiling” refer?
 Chapter 6 Stability and Cloud Development This chapter examined atmospheric stability and factors that affect the development of clouds. The concept of stable and unstable equilibria is introduced using the familiar, instructive analogy of a rock placed on a hilltop or in a valley. You were shown that stability in the atmosphere depends on the change of temperature in a moving parcel relative to its surroundings. In a stable atmosphere, a rising parcel will become colder and denser than its surroundings and will resist further upward motion. Clouds which form in a stable atmosphere tend to develop horizontally and have a layered structure. In an unstable region of the atmosphere, a rising air parcel will become warmer and less dense than its surroundings and will continue to move upward on its own, often forming cumuliform clouds. Some of the conditions that affect or may change atmosphere stability, such as warming or cooling at the ground, the influx of warm or cold air aloft, and the upward or downward motion of an air layer, are discussed. In a focus section, a mathematical model for estimating the base of convective clouds was presented. The rising air motions that are needed to form clouds can be produced in a variety of ways including convection, topographic lifting, convergence, and uplifting at frontal boundaries. Several
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examples of particular cloud formations and the upper level conditions that produce them are examined.
 Study Questions
 When is an equilibrium stable? Unstable?
 What is a lapse rate?
 How is the lapse rate related to vertical stability?
 Suppose that a rising air parcel is saturated. How does that contribute to increased instability?
 Is the air stable or unstable above a very hot desert? Above a very cold surface?
 What happens to the temperature of an air parcel (“blob”) when it rises? When it sinks?
 How easy is it for an air parcel to rise or sink in a stable atmosphere?
 What would make the atmosphere more stable vertically? More unstable?
 What is conditional instability?
 Why does condensation make air more unstable?
 How can you make the atmosphere more unstable?
 What visible evidence shows that atmospheric stability changes during the day in Florida during summer?
 On a typical summer day, is the Florida atmosphere stable or unstable at dawn?
 Is it stable or unstable in the afternoon?
 Do lenticular clouds form in stable or unstable conditions?
 How is a cumulonimbus cloud with a cap cloud (“pileus”) a combination of unstable and stable air?
 Questions on the height of the base of convective clouds
 What determines the height of the base of a cloud?
 Why do convective clouds in the SE United States usually have much lower cloud bases than convective clouds in the western US?
 Chapter 7 Precipitation This chapter examined the processes that produce precipitation and looks at the different types of precipitation that can fall from clouds. The chapter began with a more detailed look at the formation and growth of cloud droplets. Cloud droplets or ice crystals are themselves too small and light to be able to reach the ground as precipitation. Raindrops can form rapidly in warm clouds, however, when water droplets collide and coalesce. Formation of rain by this process works best in thick clouds which have strong updrafts. In cold clouds it is possible for ice crystals to grow when surrounded by supercooled water droplets. Attempts to enhance precipitation by cloud seeding are reviewed. We also discussed the process of artificially enhancing precipitation growth by cloud seeding. Precipitation can reach the ground in a variety
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of forms depending on the type of cloud producing it and also on the atmospheric conditions between the cloud base and the ground. The myths of the tear-shaped raindrop and the idea that below-freezing temperatures are required for snowfall were exposed. The mechanisms of freezing rain and sleet formation were described. Finally, you learned how rain and snowfall amounts can be measured using simple instruments or estimated remotely using Doppler radar or satellite-based instruments.
 Study Questions
 How do the sizes of a condensation nucleus, a cloud droplet, and a rain droplet compare?
 How does the volume of a raindrop compare to the volume of a cloud droplet?
 Why does water evaporate more easily from a curved surface than a flat surface?
 What is the “solute effect” as it applies to hygroscopic condensation nuclei?
 What is the collision-coalescence process for forming a raindrop? Why do we say “collision-coalescence” and not just “collision”?
 What does “terminal velocity” mean?
 Which falls faster, little droplets or big droplets?
 How does a cloud droplet grow to raindrop size in a cloud when no ice is present?
 Sometimes a falling droplet does not collide with a droplet beneath it. What happens?
 Why doesn’t every pair of droplets that collides coalesce? What maximizes the likelihood of merger?
 What kind of clouds produce the biggest raindrops? Why?
 What is the shape of a raindrop?
 What substances act as ice nuclei?
 At what temperature are you sure to have ice in the atmosphere?
 Is evaporation easier from liquid water or from ice?
 Is saturation vapor pressure higher over liquid water or ice?
 For the ice crystal process to work well, how many liquid droplets should there be for each ice crystal?
 Which theory of particle growth was proposed first, collision-coalescence or ice crystal process? Why?
 How do falling ice crystals get bigger? Smaller?
 Cloud Seeding and Miscellaneous “Cloud seeding” attempts to increase precipitation by what process?
 What is sleet? How does it form?
 What is freezing rain? How does it form?
 Why does hail, the biggest of all ice crystals, form in summer, not winter?
 How much is a trace of precipitation?
 What is a tipping bucket rain gauge?
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Why is snow depth averaged across several measurements at nearby places rather than using a single depth measurement?
 If you melted an inch of snow, about how much liquid water would you get?
 How can rainfall/snowfall be estimated using radar?
 Chapter 8 Air Pressure and Winds This chapter provided a broad view of how and why the wind blows. The chapter began by reviewing and extending some of the basic concepts about pressure introduced earlier in the text. These concepts included the ideal gas law, which was reviewed. Horizontal temperature variations were shown, for example, to produce pressure gradients that can cause the air to move. Instruments used to measure pressure and the most common pressure units were discussed. Examples of meteorological charts used to display surface and upper level pressure patterns were presented. The relationship between isobaric and constant-altitude surfaces was explored. Newton's laws of motion were defined and forces that govern the horizontal movements of air were identified. The relatively simple case of air motions above the ground was studied first. Winds aloft are affected by just the pressure gradient force and the Coriolis force. Horizontal pressure gradients initially set the air in motion; the Coriolis force then exerts a force to the right or left of the wind's direction of motion. Winds at upper levels blow parallel to the contour lines on an isobaric chart. When the contours lines are straight, the Coriolis and pressure gradient forces are equal and opposite and the wind blows in a straight line at constant speed. When the flow is curved, the resulting gradient wind forces include a centripetal component which accounts for the changes in wind direction. Some mathematical details of these relationships between the different forces were elaborated on geostrophic wind, isobaric (constant pressure) surfaces and the hydrostatic equation. The frictional force acts to slow wind speeds, at the ground, with the result that winds blow across the isobars slightly toward lower pressure. This accounts for the rising and sinking air motions found in high and low pressure centers. Converging or diverging air motions above the ground can cause surface features to strengthen or weaken.
 Study Questions
 What is the average sea level pressure in inches of mercury? Millibars ? Hectopascals ?
 By roughly what percent do you have to change the surface pressure to get a “large” pressure change?
 How does temperature of an air column affect what the air pressure will be several kilometers above the surface?
 Why can a barometer be used as an altimeter?
 What does it mean to adjust a surface pressure reading to sea level?
 Why are surface pressure readings adjusted to sea level?
 What is an isobar?
 What is a trough? What is a ridge?
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What is the definition of pressure gradient?
 What is the pressure gradient force?
 In what direction does it push?
 What is the Coriolis force?
 Near what latitudes is the sideways push of the Coriolis force small? Near what latitudes is it large?
 Does the Coriolis force push toward the right or left in the Northern Hemisphere?
 What is the wind direction relative to the location of high and low pressure?
 What is the direction of flow around a low in the Northern Hemisphere? Around a high?
 If isobars are close, what will the wind speed be?
 What does friction do to the wind speed?
 What does friction do to the wind direction? Why?
 What are convergence and divergence?
 Do you expect convergence into or divergence out of a low at the surface? Rising or sinking air above a surface low?
 For a surface high, convergence or divergence? Rising or sinking air above it?
 Chapter 9 Wind: Small Scale and Local Systems A wide variety of types of small- and middle-scale wind motions were discussed in this chapter, ranging from short-lived microscale phenomena to the seasonal Asian monsoon system. The chapter began with a quick classification of the scales of atmospheric motion and looked at the formation of eddies. The formation of thermal circulations was covered in some detail. Sea, lake, and land breezes were presented as examples of thermal circulations, and the effect that they can have on their surroundings was examined. The Asian monsoon, which, in many ways, resembles a large scale thermal circulation, was mentioned. Additional local scale wind systems including mountain and valley breezes, katabatic winds, and the chinook were discussed.
 Study Questions
 What is the rough size of microscale features?
 How long do they last? Give example of microscale phenomena.
 Give an example of a mesoscale phenomena.
 Give an example of synoptic scale phenomena.
 What two factors associated with the Earth’s surface generate turbulence?
 What is wind shear?
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What kind of wind flow patterns would you find downwind of high mountain range?
 What is a sea breeze? Land breeze? Why do they occur?
 How often does a sea breeze switch to a land breeze and vice versa?
 What effect does the sea breeze have on coastal temperature?
 What is a mountain and valley breezes?
 Where do thunderstorms occur in relation to a sea breeze? In relation to a land breeze?
 What conditions are needed for the Santa Ana winds?
 What is a monsoon? Where is it most prominent?
 Chapter 10 Wind: Global Systems The study of winds continued in this chapter with a discussion of global scale circulation patterns. The three-cell model of the general circulation was presented and was compared with real world observations of pressures and winds. We also looked at the seasonal movement of these features and their effect on regional climate. The chapter examined the major jet streams found in the earth's atmosphere. The polar jet stream and the subtropical jet form in regions with strong horizontal temperature gradients. Conservation of angular momentum also plays a role in the formation of these fast moving currents of air. Interactions between global scale wind patterns and the earth's oceans were examined, and the positions and directions of the major ocean currents were shown. Finally, the El Niño/Southern Oscillation was described, with attention given to the possible climatological effects associated with both El Niño and La Niña events.
 Study Questions
 What is a circulation cell?
 What are the names of the three circulation cells?
 What is different about the circulation cell in midlatitudes from the tropical and polar circulation cells?
 Given a picture of a globe, where are: Intertropical convergence zone (ITCZ) Doldrums Trade winds Subtropical high (Bermuda and Pacific) Horse latitudes Westerlies
 Find and label in this infrared satellite picture: ITCZ
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Subtropical and polar jet
 Climatologically (in and around North America), where do you find regions of upper level high pressure? Low pressure?
 What is a jet stream? Where do they occur relative to warm and cold air?
 What meteorological factor do you think contributed to Columbus landing in the Caribbean instead of in New England?
 What is a low level jet?
 What is the direction of the major ocean currents in the Atlantic and Pacific Ocean? Why do they have that direction?
 What is upwelling? What is the effect of upwelling on the ocean temperature in a region?
 How can a wind parallel to a coastline produce upwelling?
 Is the typical ocean temperature warm or cold by the coast of Peru?
 What is the trigger that starts warm water sloshing eastward along the equatorial Pacific?
 What are conditions in the Pacific like during El Niño? During La Niña?
 How does the atmosphere above the Pacific Ocean respond to the ocean’s temperature changes?
 How often do El Niños occur?
 Give an example of climatic effects associated with El Niño and La Niña in North America.
 Chapter 11 Air Masses and Fronts In this chapter we examined the typical weather conditions associated with air masses and the weather produced at frontal boundaries between air masses. We saw how and where air masses form and how they are classified according to their temperature and humidity properties. Once upper level winds cause an air mass to move, the air mass will carry characteristics of its source with it and may have a strong influence on conditions in the region it invades. Continental polar air moving down from Canada, for example, often brings clear skies but bitterly cold
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temperatures to the United States in winter. The converging air motion around areas of low pressure will often bring air masses with widely different properties into contact. When warm and cold air masses move toward each other, the warm, low-density air is forced upward. The rising motion is most gradual in the case of a warm front, and precipitation can occur over a large area ahead of the front. Air is generally forced upward more abruptly at cold fronts with the result that precipitation may be quite heavy in a narrower zone near the front. Typical weather conditions that might be observed during the approach and passage of warm, cold, and occluded fronts were summarized. The meteorological phenomena of drylines (dew point fronts) are an important factor in Great Plains severe weather as was discussed. Upper-air fronts were also described in this chapter. Upper-air fronts are often found in conjunction with tropopause folds and downward incursions of stratospheric air and ozone.
 Study Questions
 What is an air mass?
 What conditions are needed for an air mass to form?
 Where are the source regions for air masses, i.e., where do they form?
 What 3 names characterize air mass temperature as warm, cold, or very cold?
 What 2 names characterize air mass humidity as dry or moist?
 Is high or low pressure typically at the center of air masses?
 What is air mass modification?
 Give an example of air mass modification.
 What is “lake effect snow”? Where in the US is it most common?
 What type of air mass would be responsible for:
 Heavy snow showers & low temps at Buffalo, NY?
 Hot, muggy weather in the Midwest and East?
 Daily afternoon thunderstorms along the Gulf Coast?
 Heavy snow showers along the west slope of the Rockies?
 Heavy snow in Sierra and rain in central Calfornia?
 What is a front?
 What is a Stationary front? Cold front? Warm front? “Back door cold front? Occluded front?
 What are the symbols for each type of front?
 What is the typical slope of a front?
 Which is typically steeper, a cold front or a warm front?
 Imagine you are in warm air and a cold front approaches. What weather changes do you expect in winds, temperature, pressure, clouds, precipitation, and dew point?
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Imagine you are in cold air and a warm front approaches. What weather changes do you expect in winds, temperature, pressure, clouds, precipitation, and dew point?
 Do fronts always bring in precipitation?
 What is a dryline?
 Chapter 12 Middle-Latitude Cyclones The structure of middle latitude storm systems and some of the factors that govern their development were covered. We started with a review of the polar front theory of wave cyclones, originally formulated by a group of Norwegian meteorologists. The vertical structure of middle latitude storms and the influence of upper-level wind patterns on storm development were examined next. Diverging motions at upper levels can create a center of low pressure at the surface or cause an existing low to intensify. Upper level winds also determine the direction of movement of surface cyclones and anticyclones. The chapter explains how fast moving shortwaves can perturb the upper-level longwave flow pattern and produce regions of temperature advection, or baroclinic zones in the atmosphere. The resulting air motions can enhance storm development. Strong upper level divergence is also found at certain positions near the jet streak, a region of strong winds in the core of the jet stream. The concept of vorticity was introduced and the relationships between vorticity, upper level divergence, rising air motions and surface storm development were examined. Vorticity is used to explain why an area of low pressure will often form on the downwind side of a mountain range. We then tied together the topics with the blizzard of ‘83 and ’93 that battered the eastern United States.
 Study Questions
 What are the steps in the lifecycle of idealized midlatitude cyclones?
 What regions in the US are the most common places where midlatitude storms develop? What are the 2 reasons why they develop there?
 When a storm becomes occluded, at what stage is it in its life cycle?
 Where in the storm do you find convergence?
 Where in the storm do you find divergence?
 If you following the position of the center of a low upward, it tilts toward the northwest, while the enter of a high tilts toward the southwest with increasing height.
 What is a longwave?
 What is meant by a “short-wave” disturbance in the upper atmosphere? Why do forecasters care about short waves?
 What is the difference between barotropic and baroclinic zones? Which one would you expect storm development?
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Know how to identify lows, highs, wind directions, warm, cold air masses in a developing midlatitude cyclone diagram
 What is a nor’easter?
 What is vorticity? What’s the difference between relative and absolute vorticity?
 How do meteorologists use vorticity in forecasting?
 Given an upper level map, shows areas of positive and negative relative vorticity
 Where on an upper level map would you find PVA and NVA?
 Chapter 13 Weather Forecasting In this chapter we briefly looked at how weather observations are collected and analyzed, and at the wide variety of different types of weather forecasts that are made using this data. We saw first in the chapter that forecasts are based on worldwide observations of weather conditions made several times a day. This large data set can be processed very quickly using modern computer technology including ASOS (Automated Surface Observing Systems) and AWIPS (Advanced Weather Interactive Processing System). Using this technology, meteorologists provide early warning of developing hazardous weather conditions. The uses of computers and weather satellites in weather forecasting were examined. Computers perform the numerical calculations in mathematical models of the atmosphere. We discussed two models: the WRF and GFS model and their use, strengths and weaknesses. One particular type of computer forecast is the thickness chart. Some of factors which limit the accuracy of numerical weather predictions were listed and discussed. Different methods of predicting future weather including persistence and steady state forecasts, the analogue method, weather type and climatological forecasts were examined. Often one method is appropriate in a short-range forecast, while another method would be employed when formulating a longer range seasonal outlook. Despite the complexities of the atmosphere and the weather forecasting process, much can be learned by simply viewing the clouds. Fairly accurate short term forecasts can be made using data from surface charts and a knowledge of the upper level wind patterns.
 Study Questions
 Name some of the ways of collecting weather observations that we mentioned in class.
 What is a persistence forecast?
 What is a climatology forecast?
 Why is persistence a poor way of forecasting tomorrow’s weather if a cold front will pass later tonight?
 Describe 3 techniques used to forecast conditions several weeks or more into the future.
 How do meteorologists decide whether a forecasting procedure has “skill”?
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Name two weather forecast models
 Why don’t we just use output from weather forecast models and eliminate the meteorologist?
 What is an example of a rule of thumb, using an upper level map, that forecasters use?
 Chapter 14 Thunderstorms and Tornados Thunderstorms are among the most spectacular and destructive of weather phenomena. This chapter began by describing the growth and development of these convective storms. The discussion began with the common ordinary thunderstorm (also called air mass thunderstorm), to the more severe multicell and supercell thunderstorms. Mechanisms of thunderstorm formation were investigated in detail, including related phenomena such as gust fronts and microbursts. Large, organized systems of thunderstorms, including squall lines and mesoscale convective systems, were described. The hazards of thunderstorms, including strong winds, large hail, and flash floods were explained and illustrated. Gust fronts and microbursts, along with their associated phenomena of outflow boundaries, downbursts and macrobursts, are responsible for many incidents of damage to aircraft. These phenomena, along with the technology in place to detect them, were described. An additional section on dryline thunderstorms rounds out the description of these fascinating storms. The chapter continued by reviewing our current understanding of thunderstorm electrification mechanisms and summarizing the complex sequence of events that occurs during a cloud-to-ground lightning discharge. Lightning safety rules and potentially life-saving techniques for lightning protection were given. Tornadoes were discussed in the final portion of the chapter. Tornadoes occur more frequently in the United States than in any other country in the world. The chapter examined how, when, and where tornadoes form in the U.S. and explained why tornadoes can be so destructive. The Enhanced Fujuta (EF) scale for tornado classification, recently adopted by the U.S. National Weather Service, is described. Doppler radar, a remote-sensing technology routinely used to detect and warn of tornado occurrence, was described.
 Study Questions
 In what environment does an ordinary thunderstorm form?
 What is an updraft? A downdraft?
 What 2 factors cause air to sink in a thunderstorm?
 What is the life cycle of an ordinary thunderstorm?
 What is a gust front?
 What is a supercell?
 Why is airplane during takeoff or landing particularly threatened by a microburst?
 What is a squall line? What travels out from a cold front that helps to initiate a squall line?
 What regions of the US are most likely to have thunderstorms? Which US regions have hail?
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How can you determine how far away a thunderstorm is by listening for thunder?
 Describe the life cycle of a lightning flash.
 Is it safe to take shelter under a tree in a storm? Explain.
 What is a tornado? A funnel cloud?
 How wide is a typical tornado?
 During what part of day and time of year do most US tornadoes occur?
 What part of the US receives the most tornadoes?
 What scale is used to rate tornado intensity?
 Chapter 15 Hurricanes Tropical weather and hurricanes were discussed in this chapter. Several unusually strong and destructive hurricanes have affected the U.S. in the past several years. The chapter began by examining the anatomy of a hurricane, an intense tropical storm with a structure markedly different than that of a middle-latitude cyclone. Schematic diagrams of the air motions in a mature hurricane and characteristic hurricane features including the eye, eye wall and spiral bands, were given. These differences were highlighted. The special conditions that make it possible for a mass of thunderstorms to become organized and develop into or 'trigger' a tropical storm or hurricane are examined in detail. Hurricanes form above and derive much of their energy from a warm surface layer of ocean water. Horizontal temperature and pressure gradients are weaker in the tropics, for example, than at middle latitudes. Moisture is abundant in the tropics, however, and zones of convergence such as might be found associated with an easterly moving wave or near the ITCZ can cause thunderstorms to form. Hurricanes generally form between 5 and 20 degrees latitude, where steering winds will cause an overall east to west movement. Some of the unique hazards associated with hurricanes are discussed. In addition to powerful winds and flooding caused by heavy rainfall, extensive damage can be caused by the hurricane storm surge.
 Study Questions
 Roughly what is the diameter of a mature hurricane?
 What is the eye of a hurricane?
 What is the name for the region of intense thunderstorms surrounding the eye?
 What part of a hurricane has the fastest winds and the most intense rainfall?
 Many if not most Atlantic hurricanes can be traced back to what kind of trigger?
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Where do hurricanes form?
 Is air rising or sinking in the eye?
 What is the eye wall?
 Where are the most intense thunderstorms and fastest winds found in a hurricane?
 Describe the structure of a hurricane beyond the eye wall.
 Name two factors that can kill a hurricane.
 On what side of a hurricane are the fastest hurricane winds found?
 What does “storm surge” mean? What is its importance? Which side of a hurricane has the worst storm surge?
 Chapter 16 The Earth’s Changing Climate This chapter explored the subject of climate change, and began with a discussion of some of the experimental techniques, including dendrochronology, analysis of O18 and O16 ratios in ice and marine sediments, and study of geologic formations, that have been used to infer past climatic conditions. A short history of climate on the earth revealed that large changes in the earth's climate have occurred in the past. Ice sheets advanced as far south as New York as recently as 18,000 to 22,000 years ago. Substantial changes in climate have occurred during the past 1,000 years; the Little Ice Age, for example, between about 1550 and 1850, had important effects on agriculture and living conditions in Europe. Considerable attention was given to global temperature changes that have occurred during the past century. Several of the suggested causes of climate change were examined. A section on feedback mechanisms describes how certain atmospheric and oceanic processes either strengthen or weaken climate changes. Different mechanisms explain climate changes over a range of time scales. Plate tectonics, for example, might explain climate changes that occur on a time scale of millions of years. Shorter term, 10,000 to 100,000 year, variations may be associated with changes in the earth's orbit around the sun. There is evidence, too, that the sun's output may vary with time and that particle emissions from volcanoes can have relatively short term, but significant effects on climate. Pollution particles can also affect climate on short time scales. The present concern that anthropogenic emissions of carbon dioxide and other greenhouse gases may be causing global warming is carefully examined. While there seems to have been a small increase in global average temperatures during the past century, we see that, because the response of the oceans to warmer temperatures and increasing CO2 amounts and the effects of clouds and aerosols are not well understood, there are large uncertainties in the computer model predictions of future changes. Projections of future climate changes based on the Intergovernmental Panel on Climate Change (IPCC) 2007 report were presented. Uncertainties in the predictions were discussed, as are some of the effects that future changes in surface temperatures might have. The chapter concludes with a discussion of efforts to reduce global warming.
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Study Questions
 How is climate different from weather?
 Describe how climate varies from small scales to planetary scales.
 Is the last century the first time that a major warming has occurred?
 How do we figure out what past climates were like?
 What is an ice age?
 At the time of a ice age, would the sea level be lower or higher than it is now?
 How much would sea level rise if all the Earth’s ice were to melt?
 What has happened to the globally averaged surface temperature over the last 100 years?
 List ways in which climate can change over time scales of Millions of years 10s to 100s of thousands of years
 How can dust from volcanoes or an asteroid impact affect climate?
 By how much does solar output vary with time?
 Why do climatologists look at sunspot counts?
 How much warmer is the global average surface temperature now compared to 100 years ago?
 When CO2 is added to the atmosphere, what fraction stays in the atmosphere, and where does most of the rest go?
 How do scientists estimate what the future climate will be like?
 Is the temperature expected to change over the next 100 years?
 What is a positive feedback?
 What is a negative feedback?
 Chapter 17 Global Climate This chapter examined the variety of different climatic regions found on the earth. The primary emphasis was on global-scale climates, but micro- and macroscale climates were also mentioned briefly. The chapter recalled, first, the different factors that affect and determine the climate of a particular region. These climatic controls include seasonal and latitudinal variations in incident sunlight, proximity to land or sea, ocean and wind currents, and topographical effects. Global distributions of mean temperature and annual precipitation amounts are presented and form the basis for climate classification using the Köppen system. Each of the five major climatic types in the Köppen classification system were discussed in detail. Examples of yearly temperature variations and monthly precipitation amounts were given for a representative location in each group and for the major sub-categories. We saw that a tropical climate, for example, is characterized by abundant rainfall and very little seasonal variation in mean temperature. Seasonal changes are much larger at middle latitudes. Several different climate zones can be
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identified at middle latitudes depending on whether summers are warm or cool, dry or moist, and by the severity of the winter. Arid zones are found on the earth in areas dominated by subtropical high pressure systems or in the rain shadow of large mountain ranges. Illustrations of the types of vegetation likely to be found in many of the zones were also given.
 Study Questions
 What climatic information did Koppen use to define climate regions?
 Explain why a tropical rain forest climate will support a tropical rain forest, while a tropical wet-and-dry climate will not.
 Explain how arid deserts can be found adjacent to oceans.
 Why did Koppen use the 10C average temperature for July to distinguish between D and E climates?
 Chapter 18 Air Pollution Chapter Summary Air pollutants and meteorological phenomena related to air pollution were examined in this chapter. Many concepts introduced in earlier chapters, such as atmospheric stability and small scale wind circulation patterns, are relevant to the air pollution problem and were integrated into the discussion. The chapter began with a brief historical review of air pollution. You saw that notice to air pollution dates from at least the 13th century. We also discussed the very serious air pollution events that occurred earlier in this century in Europe and the United States. The London smog of 1952, for example, remains the world's worst air pollution disaster. Sources and environmental effects of the primary air pollutants, carbon monoxide, sulfur dioxide, nitrogen oxides, particulate matter, and volatile organic compounds were discussed next. The characteristics of ozone were presented in some detail. A distinction was made between tropospheric and stratospheric ozone, with the main features, impacts and chemistry details presented for each. We saw that, while air quality has improved following the passage of clean air legislation, many urban areas still frequently exceed the government-mandated standards. The roles that weather conditions, including temperature inversions, stability, and local topography effects play in air pollution were discussed. The effect of urban heat islands on air pollution was examined. The chapter concluded with a discussion of the causes and effects of acid deposition.
 Study Questions
 What is meant by PM10 and PM2.5 and why are they important?
 What are some of the main sources of SO2 and NOx?
 Why are we concerned with SO2 emissions?
 What are the ingredients for ozone formation in the troposphere?
 What role does NO2 play in the formation of ozone and photochemical oxidants?
 List two ways particulate matter is removed from the atmosphere.
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How does atmospheric stability affect the accumulation of pollutants?
 What meteorological factors that could result in a severe air pollution episode?
 What are the primary causes of acid rain?
 What are some sources of carbon monoxide and why are we concerned with that pollutant?
 Chapter 19 Light, Color and Atmospheric Optics Chapter Summary This chapter described and explained a variety of fascinating atmospheric optical phenomena. Beginning with a brief review of the physical nature of light, the physiological perception of light and color was examined. A first group of optical effects, which have the common characteristic that they are produced by scattering of light, were then discussed. Air molecules, for example, selectively scatter the shorter wavelengths of sunlight and give a clean sky its deep blue color. Larger aerosol particles scatter different wavelengths more equally, and can turn the sky milky white. White clouds, the blue color of distant mountains, and crepuscular rays are also examples of light scattering. A second category of optical phenomena involves refraction and the dispersion of light. Mirages form when light is bent as it propagates through air layers with different densities. An inferior mirage can cause light from the sky to be bent so that it appears to be coming from the ground, and may make a road surface appear wet on a hot dry afternoon. The superior mirage is more complex but also more spectacular. Other refraction phenomena include the green flash, a brief flash of green light appearing atop the setting sun. Haloes and sundogs, relatively frequent optical phenonena caused by ice crystals, occur when light passes through a high thin cloud layer. Rainbows, perhaps the most spectacular optical phenomenon the atmosphere has to offer, were briefly discussed. In a primary rainbow, light rays are refracted as they enter a raindrop and are then reflected off the back inside surface of the raindrop. A secondary rainbow involves two reflections within a single raindrop. As described in the chapter text, is not difficult to predict when rainbows will occur. The chapter concluded with a discussion of diffraction effects, including corona, iridescence, and the glory.
 Study Questions
 What is the difference between scattering and reflection?
 Explain why the horizon sky appears white on a hazy day.
 Explain why the sky is blue during the day.
 Explain how sun pillars form and from what kind of particles.
 What sizes of particles are important for Mie scattering?
 What type of particle causes rainbows?
 What type of particle causes a sun dog?
 Why do stars twinkle?
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