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CHAPTER 1 LEARNING OBJECTIVES

What are some basic concepts regarding the atmosphere and weather?

After reading this chapter, the student should be able to:

-  list some sources of daily weather information.

-  identify the principal weather systems that are plotted on surface weather maps.

-  describe some of the properties of weather systems including highs, lows, and fronts.

-  define the common parameters used to describe the state of the atmosphere.

-  distinguish between visible and infrared satellite images.

-  explain the advantages of satellite observation of the atmosphere.

-  present the basic principle of weather radar.

-  provide some examples of how observations of the sky provide indications of future 
weather.

The purpose of this opening chapter is to introduce the student to basic 

characteristics of weather. We cover some of the sources of weather 

information including television, the Internet, and NOAA Weather Radio. 

Using the surface weather map as a reference, we describe the most common 

weather systems, including lows, highs, and fronts. We then list and define 

the various parameters that are commonly used to describe the state of the 

atmosphere (e.g., maximum and minimum temperature, relative humidity). The 

chapter closes with a brief description of satellite images, radar 

displays, and some advice on observing the changing conditions of the sky.
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CHAPTER 2 LEARNING OBJECTIVES

What is the composition and structure of the atmosphere?

After reading this chapter, the student should be able to:

-  distinguish between weather and climate.

-  describe the principal events and processes in the evolution of Earth’s atmosphere.

-  distinguish between the homosphere and the heterosphere.

-  explain the significance of minor components of the atmosphere.

-  illustrate the scientific method.

-  demonstrate the value of models in scientific investigations.

-  explain how meteorologists monitor surface and upper-atmospheric conditions.

-  sketch the average vertical temperature profile of the atmosphere.

-  distinguish between the troposphere and the stratosphere.

-  describe the origin and significance of the ionosphere.

-  explain how solar activity influences the ionosphere.

We begin our study of the atmosphere by distinguishing between weather and 

climate. The atmosphere is the arena in which weather and climate take 

place. Our present atmosphere is the product of a lengthy evolutionary 

process and consists of a mixture of gases (mostly nitrogen and oxygen) in 

which is suspended a variety of tiny solid and liquid particles 

(collectively called aerosols). Much of what is known about the 

atmosphere's composition and structure is derived from direct measurements 

by instruments borne by kites, balloons, aircraft, rockets, and 

Earthorbiting satellites. One finding of these efforts is that the 

atmosphere can be subdivided into layers based on the vertical profile of 

average air temperature. The lowest of these layers, the troposphere, is 

the site of virtually all weather. A portion of the upper atmosphere, known 

as the ionosphere, contains a relatively high concentration of electrically 

charged particles and is the site of the aurora (northern and southern 

lights).
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CHAPTER 3 LEARNING OBJECTIVES

How does energy flow into and out of the Earth-atmosphere system?

After reading this chapter, the student should be able to:

-  identify the principal characteristics of radiation and the electromagnetic spectrum.

-  distinguish among the various forms of electromagnetic radiation.

-  explain how solar altitude influences the intensity of solar radiation received at Earth's


surface.

-  describe the cause of the astronomical seasons.

-  define the solar constant.

-  describe the interactions that take place as solar radiation travels through the 
atmosphere.

-  explain the significance of the stratospheric ozone layer for life on Earth.

-  identify the principal threat to the stratospheric ozone shield.

-  describe the interactions that take place when solar radiation strikes Earth's surface.

-  explain the role of the ocean in the global solar radiation budget.

-  contrast solar radiation with terrestrial infrared radiation.

-  identify the gases responsible for the greenhouse effect.

-  explain how a buildup of greenhouse gases might lead to global climate change.

The principal focus of this chapter is the flow of electromagnetic 

radiation into and out of the Earth-atmosphere system. Electromagnetic 

radiation is described in terms of its basic properties and spectrum of 

types. Earth intercepts solar radiation as the planet rotates on its axis 

and revolves about the sun. Changes in solar altitude and length of day 

that accompany the march of the seasons produce a regular annual cycle in 

the amount of solar radiation that reaches any locality on the surface of 

the planet. As solar radiation travels through the atmosphere, some is 

reflected and scattered back to space and some is absorbed (that is, 

converted to heat). Absorption of ultraviolet (UV) radiation during the 

natural formation and destruction of ozone in the stratosphere shields us 

from potentially lethal intensities of UV. Nonetheless, some UV reaches 

Earth's surface and over-exposure may cause sunburn or even skin cancer. 

Solar radiation that strikes Earth's surface is either reflected or 

absorbed, depending on the surface albedo. In response to solar radiational 

heating, the Earth-atmosphere system emits infrared radiation. The 

so-called greenhouse effect, however, slows the loss of infrared radiation 

to space and causes Earth's surface to be considerably warmer than the 

upper atmosphere. Water vapor is the principal greenhouse gas. Upward 

trends in the concentrations of other infrared-absorbing gases, especially 

carbon dioxide, may enhance the greenhouse effect and trigger global 

warming.

=========

CHAPTER 4 LEARNING OBJECTIVES

What is the consequence of heat transfer in the Earth-atmosphere system?

After reading this chapter, the student should be able to:

-  distinguish between heat and temperature.

-  compare and contrast the various temperature scales.

-  describe how temperature is measured.

-  explain how heat is transported via conduction and convection.

-  explain how heat is transported via phase changes of water.

-  demonstrate how heat and temperature are related through specific heat.

-  contrast a continental climate with a maritime climate.

-  describe the imbalances in radiational heating and cooling within the Earth-atmosphere


system.

-  distinguish between sensible heating and latent heating.

-  explain why latent heating is more important than sensible heating on a global scale.

-  describe the significance of the Bowen ratio.

-  identify the various processes responsible for poleward heat transport.

-  distinguish between radiational controls and air mass controls of air temperature.

-  explain the seasonal and diurnal lag between radiation and temperature.

-  describe how properties of Earth’s surface influence air temperature.

This chapter distinguishes between heat and temperature, how the two 

quantities are related and measured, basic heat transfer processes 

operating within the Earth-atmosphere system, and controls of air 

temperature. Temperature is a measure of the average kinetic-molecular 

energy whereas heat is the name given to the energy that is transferred 

between objects at different temperatures. Heat is transferred within and 

between substances through radiation, conduction, convection, and phase 

changes of water. The temperature of a substance changes in response to a 

gain or loss of heat, with the magnitude of temperature change depending on 

the specific heat. In response to the same heat gain, substances with 

relatively low specific heats (such as land surfaces) warm up more than 

substances with relatively high specific heats (such as the ocean surface). 

The greater thermal inertia of the ocean means that downwind localities 

have maritime climates with less temperature contrast between summer and 

winter. Within the Earth-atmosphere system, absorption of solar radiation 

causes warming whereas emission of infrared radiation causes cooling. 

Imbalances in rates of radiational heating and cooling occur between 

Earth's surface and the troposphere and between the tropics and higher 

latitudes. In response, the atmosphere circulates so that heat is 

redistributed from locations of net radiational heating to locations of net 

radiational cooling. Excess heat at the Earth’s surface is transferred to 

the troposphere via latent heating and sensible heating. Excess heat in the 

tropics is transferred to higher latitudes via air mass exchange, latent 

heating in storm systems, and ocean currents. Air temperature at any 

location is governed by local radiational conditions plus air mass 

advection.
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CHAPTER 5 LEARNING OBJECTIVES

What is the significance of horizontal and vertical variations in air pressure?

After reading this chapter, the student should be able to:

-  define air pressure.

-  identify the advantages of an aneroid barometer over a mercury barometer.

-  explain the significance of air pressure tendency for local weather forecasting.

-  describe how air pressure and air density change with altitude.

-  explain how and why meteorologists adjust air pressure readings to sea level.

-  describe how air temperature and water vapor concentration influence the density of air 
and air pressure at the Earth's surface.

-  show how divergence and convergence of horizontal winds can cause changes in air


pressure.

-  discuss how surface air pressure varies with different types of air masses.

-  show how the gas law applies to the atmosphere.

Now that we have examined the various controls of air temperature, we turn 

to another important variable of the atmosphere, air pressure. It is 

desirable to examine air pressure before considering vapor pressure and 

adiabatic processes in the next chapter. Air pressure can be thought of as 

the weight per unit area of a column of air that extends to the top of the 

atmosphere. The mercury and aneroid barometers are standard instruments for 

monitoring air pressure and the air pressure tendency. Air pressure (and 

air density) declines rapidly with increasing altitude and, after reduction 

to sea level, exhibits important changes from one place to another and with 

time. Spatial and temporal variations in air pressure arise from changes in 

air temperature, water vapor concentration, and divergence and convergence 

of horizontal winds. At Earth's surface, air pressure tends to increase 

with declining air temperature and decreasing water vapor concentration. 

Air pressure, temperature, and density are related through the gas law.
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CHAPTER 6 LEARNING OBJECTIVES

How is water cycled between Earth's surface and the atmosphere?

After reading this chapter, the student should be able to:

-  identify the principal reservoirs in the global water cycle.

-  distinguish among the various phase changes of water.

-  describe the role of latent heat in phase changes of water.

-  describe how the water vapor component of air is quantified.

-  compute the relative humidity from either the mixing ratio or the vapor pressure.

-  explain why and how relative humidity is temperature dependent.

-  distinguish between expansional cooling and compressional warming.

-  describe how the adiabatic assumption applies to the atmosphere.

-  distinguish between the dry adiabatic lapse rate and the moist adiabatic lapse rate.

-  explain how atmospheric stability is determined.

-  plot a sounding on a Stüve thermodynamic diagram.

-  describe how atmospheric stability affects vertical motion of air and cloud formation.

-  list the various lifting processes that operate within the atmosphere.

This is the first of two chapters on moisture in the atmosphere. In this 

chapter, we present some fundamental concepts: the global water cycle, ways 

of expressing the water vapor concentration of air, the nature of 

saturation, achieving saturation through expansional cooling, stability of 

air, and lifting processes. On Earth, water occurs in all three phases and 

is distributed among oceanic, terrestrial, and atmospheric reservoirs. 

Water is transferred between the atmosphere and the other reservoirs 

through evaporation, transpiration, condensation, sublimation, deposition, 

and precipitation. The water vapor concentration of air is described 

primarily in terms of vapor pressure, mixing ratio, and relative humidity. 

Dewpoint and precipitable water are also measures of the water vapor 

component of air. Uplift and expansional cooling bring air to saturation 

and clouds develop. Stability of the air either enhances or suppresses 

uplift that is triggered by convection, fronts, topography, and converging 

surface winds.
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CHAPTER 7 LEARNING OBJECTIVES

How do clouds and precipitation form?

After reading this chapter, the student should be able to:

-  explain the role of nuclei in cloud development.

-  list the sources and types of cloud nuclei.

-  explain the significance of hygroscopic nuclei.

-  describe how clouds are classified.

-  distinguish among the various cloud types.

-  identify the various fog-forming processes.

-  list conditions required for extreme nocturnal radiational cooling.

-  explain the significance of terminal velocity in the formation of precipitation.

-  distinguish between warm clouds and cold clouds.

-  describe the collision-coalescence process.

-  describe the Bergeron-Findeisen process.

-  distinguish among the various solid and liquid forms of precipitation.

-  describe how rainfall and snowfall are measured.

-  explain how weather radar detects precipitation.

-  distinguish between the reflectivity and velocity modes for weather radar.

In this second of two chapters on moisture in the atmosphere, we consider 

cloud formation and classification, fog, precipitation processes and forms, 

and weather radar. Clouds are suspensions of water droplets or ice crystals 

formed when water vapor condenses or deposits on nuclei, tiny solid and 

liquid particles suspended in the atmosphere. Clouds are classified by 

general appearance, temperature (warm or cold), and by altitude of their 

base (high, middle, low, and vertical). Fog is a cloud in contact with 

Earth's surface and forms through radiational cooling, advective cooling, 

vaporization of water, or ascent of humid air along a mountain slope. Most 

clouds do not produce precipitation because a special set of circumstances 

is required for cloud droplets or ice crystals to grow into raindrops or 

snow flakes. As cloud droplets or ice crystals grow their terminal velocity 

increases so that they can survive a journey to Earth’s surface as 

precipitation. Principal growth mechanisms are the collision-coalescence 

process in warm clouds and the Bergeron-Findeisen process plus 

collision-coalescence in cold clouds. Unfrozen forms of precipitation are 

rain and drizzle; frozen forms of precipitation include snow, sleet (ice 

pellets), and hail; and freezing forms of precipitation are freezing rain 

or freezing drizzle. A weather radar continually emits pulses of microwave 

energy that are partially reflected (or scattered) by precipitation. 

Operating in the reflectivity mode, weather radar locates and tracks areas 

of precipitation. In the velocity (Doppler) mode, weather radar determines 

the movement of precipitation (or smaller particles) directly away from or 

toward the radar. In this way, weather radar is an important tool in 

monitoring the development and displacement of severe weather systems.
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CHAPTER 8 LEARNING OBJECTIVES

What forces control the wind?

After reading this chapter, the student should be able to:

-  distinguish among the components of the wind.

-  describe how winds are monitored.

-  identify the forces that initiate and govern the circulation of air.

-  present the origins of horizontal air pressure gradients.

-  describe how the pressure gradient force affects the motion of air.

-  explain the source of the centripetal force.

-  describe how the Coriolis force varies with latitude.

-  explain why the Coriolis effect is important only in large-scale circulation systems.

-  show why gravity influences vertical motion and not horizontal motion.

-  present Newton's first and second laws of motion.

-  describe the balance of forces in hydrostatic equilibrium.

-  summarize the interaction of forces in geostrophic and gradient winds.

-  explain how friction influences surface winds.

-  describe the circulation in cyclones and anticyclones.

-  explain why stormy weather is associated with cyclones and fair weather with


anticyclones.

This chapter begins our discussion of atmospheric circulation and weather 

systems. We are concerned here with forces that initiate and shape the 

wind. The individual forces (pressure gradient, centripetal, Coriolis, 

friction, and gravity) are first described separately with special emphasis 

on the conditions under which each force operates. Individual forces are 

then combined in hydrostatic equilibrium, the geostrophic wind, the 

gradient wind, and surface winds. The air circulation within pressure cells 

(Highs and Lows) are linked to the general type of weather associated with 

each of these systems. In a High (or anticyclone), surface winds diverge 

and winds aloft converge so that air descends, the relative humidity 

decreases, and clouds dissipate. A High is a fair weather system. In a Low 

(or cyclone), surface winds converge and winds aloft diverge so that air 

ascends, the relative humidity increases, and clouds develop. A Low is a 

stormy weather system. We apply (and reinforce) concepts that were 

developed in the prior two chapters on moisture in the atmosphere.

CHAPTER 9 LEARNING OBJECTIVES

What are the princeial features of the planetary-scale atmospheric circulation?

After reading this chapter, the student should be able to:

-  list the principal components of the atmosphere’s planetary-scale circulation.

-  describe the linkage between the subtropical anticyclones and the trade winds.

-  describe the linkage between the subtropical anticyclones and the westerlies.

-  compare and contrast the planetary winds at the surface with those in the mid


and high troposphere.

-  describe the seasonal changes in the planetary-scale circulation.

-  demonstrate how the prevailing planetary-scale circulation influences climate.

-  contrast weather patterns associated with zonal and meridional flow in the westerlies.

-  explain the association between blocking circulation patterns and weather extremes.

-  describe the linkage between the polar front and the midlatitude jet stream.

-  explain the role of the jet stream and upper-air troughs in the development of


synoptic-scale cyclones.

-  describe the connection between sea-surface temperature anomalies and changes


in the planetary circulation.

-  list the changes that take place in the tropical Pacific ocean and atmosphere during El 
Niño and La Niña.

This and the next three chapters are concerned with the genesis and 

characteristics of a variety of weather systems. We examine these systems 

in order of decreasing spatial scale beginning with the largest scale, the 

global or planetary circulation. Semipermanent pressure systems, wind 

belts, and the intertropical convergence zone (ITCZ) are principal features 

of the planetary-scale circulation. We show how these features are 

interrelated and how they change with the seasons. Special consideration is 

given to the westerlies of middle latitudes because the weather of middle 

latitudes is a major focus of Online Weather Studies. We describe wave 

patterns in the westerlies and properties of the jet stream with the 

objective of demonstrating how smaller scale weather systems are linked to 

the planetary-scale circulation. The final section of this chapter covers 

El Niño and La Niña, how these air-sea anomalies contrast with long-term 

average (neutral) conditions in the tropical Pacific, and the ramifications 

for weather conditions worldwide.

===

CHAPTER 10 LEARNING OBJECTIVES

What weather systems shape the weather of the mid-latitudes?

After reading this chapter, the student should be able to:

-  identify the various air masses that regularly form over or invade North America.

-  describe how and why air masses modify as they travel away from their source regions.

-  identify and distinguish among the various types of fronts and frontal weather.

-  distinguish between warm frontal weather and cold frontal weather.

-  explain why fronts are associated with extratropical cyclones but not with anticyclones.

-  sketch the stages in the life cycle of an extratropical cyclone.

-  describe the components of the conveyor-belt model.

-  explain the linkage between a surface cyclone and the westerly flow aloft.

-  identify the principal storm tracks across North America.

-  distinguish between cold and warm lows and cold and warm highs.

-  describe the air mass advection associated with an anticyclone.

-  compare and contrast sea (or lake) breezes with land breezes.

-  list the characteristics of a chinook wind.

-  explain the diurnal variation of winds in deserts and mountainous areas.

This chapter covers synoptic-scale weather systems plus selected regional 

and local circulation systems that affect the weather of middle latitudes. 

Air masses, fronts, cyclones, and anticyclones are plotted on surface 

weather maps. An air mass is a huge volume of air that is relatively 

uniform horizontally in temperature and humidity. Air masses modify as they 

travel away from source regions (where initial characteristics are 

acquired). Where contrasting air masses meet, fronts and frontal weather 

develop. Air that is forced to ascend along a front undergoes expansional 

cooling that often spurs formation of clouds and precipitation. The life 

cycle of an extratropical cyclone demonstrates how air masses, fronts, and 

pressure systems are interrelated. With upper-air support (horizontal 

divergence aloft), extratropical cyclones develop and are steered by the 

westerlies. From our description of the weather patterns associated with a 

cyclone, it is evident that the specific track of a cyclone determines the 

type of weather experienced at any locality in the storm’s path. 

Anticyclones follow cyclones. Anticyclones are fair-weather systems, may be 

warm or cold, and are accompanied by characteristic patterns of air mass 

advection. Land and sea (or lake) breezes, chinook winds, desert winds, and 

mountain and valley breezes are small-scale systems that are not 

significantly influenced by the Coriolis effect. Planetary- and 

synoptic-scale winds set the boundary conditions for local and regional 

circulation systems.
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CHAPTER 11 LEARNING OBJECTIVES

What atmospheric conditions favor the development of severe weather?

After reading this chapter, the student should be able to:

-  describe each stage in the life cycle of a thunderstorm cell.

-  distinguish among single cell and multicellular thunderstorms.

-  describe the role of atmospheric stability in thunderstorm development.

-  explain why thunderstorm frequency varies across North America.

-  explain why some thunderstorms become severe whereas others do not.

-  list the characteristics of a severe thunderstorm.

-  sketch the synoptic weather pattern that favors severe thunderstorms.

-  describe the atmospheric conditions that precede a lightning discharge.

-  explain why lightning is dangerous.

-  distinguish between a microburst and a macroburst.

-  explain why a microburst can be hazardous to aviation.

-  describe the characteristics of a thunderstorm cell that is most likely to produce 
flooding rains.

-  explain why urban areas are particularly vulnerable to flash flooding.

-  describe the origin and characteristics of hail.

-  distinguish between a tornado and a funnel cloud.

-  identify the principal force operating within a tornado.

-  explain why tornadoes are most frequent in tornado alley.

-  explain why tornadoes are most frequent in spring.

-  identify and describe the hazards of tornadoes.

-  explain the basis for the F-scale of tornado intensity.

-  describe the linkage between severe thunderstorm cells and tornadoes.

-  identify some weather phenomena that resemble funnel clouds.

This chapter covers the genesis, properties, and hazards of thunderstorms 

and tornadoes. We describe the three stages in the life cycle of a 

thunderstorm cell (cumulus, mature, and dissipating) and distinguish among 

single-cell and multicelluar thunderstorms. The latter include squall lines 

and mesoscale convective complexes (MCCs). We describe the special synoptic 

situation that favors development of severe thunderstorms. Thunderstorm 

hazards include lightning, downbursts, flash floods, and hail. Our 

discussion of thunderstorms sets the stage for consideration of tornadoes, 

small but violent weather systems. We describe tornado characteristics, 

geographical and temporal distribution, and associated hazards. The special 

combination of atmospheric conditions that favors tornado development 

occurs most frequently in spring in the central United States. Based on 

rotational wind speeds reconstructed from property damage, tornadoes are 

rated from 1 to 5 on the Fujita-scale. Most North American tornadoes are 

spawned by supercell thunderstorms that develop along or ahead of 

well-defined cold fronts. Tornadoes also spin off gust fronts and are 

associated with land-falling hurricanes.

