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Introduction

Weather is a big part of life. It is part of life in the sense that weather is 
something that everyone experiences more or less directly every day. 
And weather’s extremes of storm and heat are something that most 

people have to put up with at one time or another.

But weather is part of life in another, bigger sense. It is part of life in the same way 
the air that you and I breathe is part of it. Often weather gets talked about as 
something that interferes with travel plans or interrupts a picnic, but that is not 
the point. Without weather, there is no picnic. No food, no forest, no flowing fresh 
water.

What’s going on up there when the wind blows, when the clouds roll in, when the 
rain falls and the lightning flashes? To wonder about these things is to share some 
thoughts with the first people who poked their heads out of a cave and looked up 
into the dark sky of a violent storm. It is part of being human. This wondering 
about the weather came long before there was reading and writing and science, 
and long before there were reasonable explanations for these things. Some of the 
old explanations, you wouldn’t believe. The wind, the clouds, the rain, and the 
lightning make a lot more sense to the likes of you and me than they used to, but 
when all is said and done, you have to admit, still they are wonderful!

About This Book
The reasonable weather explanations that separate you and me from the folks 
poking out of the cave are part of the modern knowledge specialty of meteorology, 
which is the five-dollar word for the science of weather and climate. That’s what 
this book is all about. Weather scientists know the answers now to the basic ques-
tions about the changes that take place in the sky and plenty more.

Already you know more than you probably think you do about the weather. Phrases 
like “low-pressure system” and “high-pressure ridge” have become familiar, 
even if not so well understood. And images from space satellites of enormous 
arms and blotches of cloudiness slowly swirling over the surface of Earth appear 
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on television screens and on our smartphones as familiar as the faces of friends. 
Already you are ahead of people who wondered about the weather some 60 years 
ago before the satellites went into orbit and made the great size of storms so 
obvious.

So even before you tackle the details of the comings and goings in the air over your 
head, some congratulations are in order. In most times past, when people  
wondered about the weather, they were scared to death. They were frightened by 
the storms, and when they asked questions about them, they were frightened  
by the answers they got. If I told you it was the magic of the witch doctor, or the 
fact that the gods are angry, now you would laugh at me. You and I have come a 
long way, baby.

There is no right way to read this book, and no wrong way to read it either. You 
can read it straight through from the first page to the last, but you don’t need to. 
You don’t need to read Chapter 1, for example, to get a grip on the subjects covered 
in Chapter 2. Browse through it or start anywhere you like. If there’s something 
about how weather happens that’s been bugging you, just jump in and check it 
out. (Why the sky is blue is explained in Chapter  15, for example.) Weather  
For Dummies is your ready reference on the subject.

Foolish Assumptions
To write this book, I had to make some assumptions about you. I think you are 
somebody who enjoys watching the changes that take place in the sky from day to 
day, or month to month. You take some satisfaction in knowing what’s behind 
these changes. You like to know the meaning of the words you hear or read in the 
daily weather reports simply because you like to know the meaning of the words 
you hear. And from time to time, you have some questions about how the weather 
works.

You are a consumer of weather information. You are not a mathematician. You are 
not a weather scientist or forecaster. You have a natural curiosity about the 
weather, and a healthy respect for it. But you are not crazy-in-love-with-it like a 
storm chaser who runs out the door with a video camera at the first word of severe 
thunderstorms nearby. You are not a “weather geek,” someone who really won-
ders about the weather a lot and who devours every bit of information they can 
find on the subject. Although maybe you are a weather geek and you just don’t 
want to admit it yet. If this is the case, your secret is safe with me!
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Icons Used in This Book
In the pages of Weather For Dummies are a set of symbols that alert you to certain 
kinds of information. They help you sort through the wide variety of facts and 
details and put them in your own order. Here’s what these symbols mean.

This icon lets you know about a concept, or big idea, that is not just a detail about 
the weather, but is a whole train of thought on a subject. Big ideas are not com-
plicated. In fact, they are simple. They’re important, or big, and worth checking 
out, because they help explain a lot of details.

Some words are just weather words. There are a whole lot of special weather 
words that scientists use all the time when talking to each other, and this book 
avoids most of them. The ones you find at this symbol are included because they 
are helpful or interesting.

Some kinds of information are valuable because they make complicated easy or 
they help cut through a lot of detail to a useful idea. That’s the kind of thing this 
symbol points out, an idea that makes things a little quicker or easier.

A lot of details are useful only to a specific subject, but some things are valuable 
to keep in mind because they help explain a variety of things. That kind of  
good-to-remember information is what this symbol identifies.

Some weather situations are so dangerous that they should be avoided always. 
Most of the dangers are pretty obvious, but not all of them. This symbol alerts you 
to extreme weather conditions where dangers are clear and present. It also points 
you to tips about what to do if you are hurt by the weather.

Don’t be alarmed by this nerdy-looking guy. The technical stuff included in this 
book is not really the heavy-duty number-crunching kind of thing that weather 
scientists do once in a while. This symbol alerts you to stuff that’s just a little 
more technical than the rest.

A Note about Measurements
Because this book is published in the United States, I have adhered fairly closely to 
the use of imperial measures of temperature and length (degrees Fahrenheit and 
inches) rather than their metric counterparts (degrees Celsius and centimeters), 
which are used more commonly by the rest of the world. Chapter  2 has a 
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Fahrenheit to Celsius conversion chart that may be helpful, and Chapter 4, which 
discusses the amounts of rainfall and other precipitation, includes a chart that 
converts inches to centimeters and millimeters.

Beyond the Book
In addition to the abundance of information and guidance related to weather that  
I provide in this book, you get access to even more help and information online at 
Dummies.com. Check out this book’s online Cheat Sheet. Just go to www.dummies.com 
and search for “Weather For Dummies Cheat Sheet.”

Where to Go from Here
Go outside. I mean it. You’ve been spending too much time indoors, anyway, so 
close this book temporarily, tuck it under your arm, and head out the door. Go 
outside and give your sky a good looking-over. It’s your sky, and it’s your weather, 
because nobody else sees it or feels it exactly like you do. Are there clouds up 
there? Do you know how they form or what their names are? Do you know how 
much fun it is to start practicing identifying the clouds in your sky? If you don’t, 
it’s time to come back inside and open Weather For Dummies again. Chapter 6 is a 
good place to start.

http://dummies.com/
http://www.dummies.com/


1What’s Going 
On Up There?



IN THIS PART . . .

Discover weather science’s most popular finished 
product: the daily weather forecast. See what goes into 
making state-of-the-art accurate forecasts and 
understanding how to interpret them.

Wrap your mind around weather words — precipitation, 
temperature, humidity, highs and low, wind chill, among 
others — and what they mean in your local forecast.

Find out about the things that make the atmosphere 
and its weather the way it is — so changeable — here 
today, gone tomorrow, as the saying goes.

Find the answer to the question, “What is fog, exactly?” 
as well as how the oceans and the land masses affect 
your weather.
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Chapter 1
What in the World Is 
Weather?

Earth is not a perfect planet. (It may well be that none of them are, but, you 
know, who are we to say?) It is not perfectly round, for one thing. One half of 
it has a lot of land with mountains and valleys, the other half, not so much. 

It circulates (once a year) around the Sun, its energy-supplying star, but the path 
it takes is not perfectly circular either. It is not perfectly upright, for another 
thing, the way you might expect a perfect planet to be. In relation to the Sun, it is 
seriously akilter, spinning (once a day) on a 23-degree tilt, as if it has been 
knocked over by something. On top of everything is the atmosphere, this brew of 
nitrogen and oxygen and other gases that make up the air we breathe. This ocean 
of air swirls along like the planet itself — but not perfectly.

All these imperfections create imbalances of heat and cold, wet and dry that keep 
the atmosphere in motion, like a soft body squirming in a hard seat. These motions 
of an uncomfortable atmosphere always looking for balanced perfection — this 
squirming, that’s what we call weather. It doesn’t just make life interesting, by the 
way; it supplies our fresh air and our fresh water. It makes life possible.

In this chapter, I give you a quick survey of the subject of meteorology — weather 
science — and where in Weather For Dummies you can find more information about 
each topic. Beginning with the product we encounter every day and moving on to 

IN THIS CHAPTER

 » Looking at our imperfect planet

 » Exploring the weather forecast

 » Hanging with the weather celebrities
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explore how the atmosphere’s changing chemical composition is hitting the 
ground, let’s take a look at what’s in store.

The Daily Forecast: A Scientific Marvel
Weather For Dummies begins with weather science’s most popular finished prod-
uct: the daily forecast. Without all the numbers and equations, the first part of the 
book describes what goes into making a forecast and understanding what it 
means. It lays out the terms that apply and the circumstances that make up 
weather emergencies.

Before we get into the details of the weather science behind it in Chapter 2, though, 
take a closer look at the next televised weather forecast you see. You will probably 
see a sharp, full-color image of half the Earth, captured in real time by a satellite 
that is constantly hovering 22,300 miles above the planet. You will see great arms 
and swirls of clouds crawling across the landscape, the signatures of storms. Even 
without explanation, you can see where the storms have been and surmise where 
they are going.

This is a uniquely modern experience. Nobody before us has ever witnessed a 
more helpful or accurate prediction of the future behavior of the atmosphere. This 
short, precise presentation is an honest-to-goodness scientific marvel, the result 
of many years of demanding research and incredible expense.

They make it look slick and easy on TV, of course — the smoothly moving images, 
the colorful animations driven by extremely high-powered computer models —  
but before that forecast got to the television studio, a lot of hard-knuckle science 
went into creating it. And hard-knuckle life. In 19th-century England, the first 
man to issue a weather forecast, Vice-Admiral Robert FitzRoy, an English officer in 
the Royal Navy, was pleading the case for so many sailors lost at sea. He didn’t 
succeed, but he died trying, and he left behind the popular idea that weather  
services are a government obligation.

The scientific knowledge that made modern forecasting possible did not come 
easily over the years. Earth does not very willingly give up her big secrets. During 
World War I, the young Englishman Louis Fry Richardson, a brilliant mathemati-
cian, described his impossible dream of a “forecast factory” — a multi-layered, 
gridded theoretical “atmosphere” tended by hundreds of individuals sharing data 
with others attending adjacent blocks of air. During World War II, a stable of  
brilliant scientists built the first electronic computer that was actually capable of 
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such an ingenious, enormously complex undertaking. So, in the 1950s, began the 
new computer-driven era of “numerical weather prediction” and it changed 
everything.

The advent of weather satellites in the 1960s made visually obvious to everyone 
what research meteorologists had been grappling with all along: weather’s natu-
ral enormity — the truly planetary scale of the problems they were trying to solve. 
(Chapter 16 delves into the forecasting work of satellites and other tools in the 
weather forecaster’s toolbox.)

What Causes Weather?
So why is there weather? What basic forms does it take? Chapter 3 is where you 
find the answers to these questions. Sometimes it helps to think of the atmos-
phere as a blanket that has been thrown over the planet. The blanket’s surface is 
not entirely smooth. There are ridges and folds and bumps and dips here and 
there. This is where storms are, in these imperfections. Chapter 3 explains why 
there are storms and Chapter 4 describes precipitation in all its shapes and sizes. 
Here you get the idea of different air masses meeting along fronts like opposing 
armies.

The Weather Celebrities
Weather is a very popular subject when there are big storms brewing or when 
things like summer temperatures are getting to be extreme. These are the weather 
celebrities that get all the media attention: tornadoes, heatwaves, ice storms. In 
Part  2, you find a chapter devoted to hurricanes, perhaps the biggest weather 
celebrity of all.

But behind every storm and every heatwave and every cold snap is a cast of char-
acters that are responsible for the whole production. They make the winds blow. 
They form the clouds. Chapter 5 answers the question, “why all this wind?” and 
explains how air pressure is the cause. In Chapter 6, you pick up a little Latin: cir-
rus, stratus, cumulus, nimbus. Can you tell one type of cloud from another? This 
chapter also gives you the lowdown on all forms of clouds and how you can tell if 
there’s rain on the way or something a bit more sinister brewing. And there are 
two pages of color photographs in this book devoted to the basic cloud types that 
are spelled out in this part.
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It’s Seasonal
If you live in the same part of the world very long, eventually you get fairly set in 
your ways about what to expect of the different seasons through the year. Winter, 
spring, summer, and fall have certain personalities, certain kinds of storms, cer-
tain ranges of temperature. And fair weather has a different feel to it from one 
season to the next.

Part 3 is organized around this general idea about different seasons coming in dif-
ferent varieties of weather. It begins with the big storms of winter, focuses on the 
tornadoes of spring and the thunderstorms and temperature extremes of summer, 
and it takes a good look at hurricanes that reach their seasonal peak in autumn. It 
is helpful as far as it goes, this way of organizing our thoughts, but it’s worth 
remembering that every region of the globe has its own variety of seasons.

The seasons don’t really “arrive” at the same time and in the same place around 
the world, and they don’t really act quite the same everywhere. Winter in the 
Northern Hemisphere is summertime in the Southern Hemisphere. The closer you 
live to the Equator, the less pronounced are the seasonal differences, although still 
there are wet seasons and dry seasons. Likewise, the polar regions, above  
60 degrees north or south latitude, get only cool, glancing visits from the Sun all year 
long. Only the middle latitudes, north and south, get the full effects of the seasons.

But it’s not just latitude, you know, your distance from the Equator, that shapes 
the seasons. Early New England settlers learned that the hard way, having left  
England expecting to land in a climate akin to the south of France. As it happens, 
Sacramento, California, has the same latitude as Washington, D.C., on the other 
side of the continent, yet all their seasons are very different from one another. 
Chapter 10 tells you why.

Something else is going on with the seasons. Changes in the composition of our 
atmosphere are changing these annual climate patterns. Winters are getting 
shorter, summers are getting longer, and the arrival times of all seasons are less 
reliable than they used to be. So look at Part 3 as a set of flexible guidelines that 
are subject to change, as a way of organizing some thinking about the weather 
events in your life.

A Changing Climate
If you want to know the signs of a changing climate, look through Chapter 13 and 
see what it is doing to our weather. This is where climate hits the road, and where 
climate science has traveled far since the days when the first edition of Weather  
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For Dummies hit the press. Generalized expectations have evolved into specific 
cases in point.

Now we know what the weather of a changing climate will be like. Just look at 
what prolonged drought and rising heat have done to the forests and wilderness 
of Australia and western North America. Thousands of square miles of natural 
habitat have been devoured by raging fires and millions of wild creatures have 
been lost. Hurricanes and other tropical cyclones are becoming bigger and more 
dangerous, moving more slowly over land and causing more flooding. Wets are 
getting wetter; hots are getting hotter. The Arctic is rapidly losing its ice cover, 
breaking down the polar wind pattern that usually keeps frigid air from wander-
ing south into the middle latitudes. More ominously, Greenland is rapidly losing 
its ice sheet, a circumstance that could hasten sea-level rise and disrupt the 
Atlantic Ocean’s conveyor of warm ocean currents to Northern Europe. Scientists 
expect other abrupt surprises along the way.

Heads Up!
There’s a lot going on in the sky. Unfortunately for people who live in many major 
cities, the sky over their heads is clogged with extra gases and other material that 
has been dumped into it. Weather doesn’t put that stuff up there, of course, but it 
sure has a lot to do with how bad it gets. Chapter 14 takes a deep dive into air pol-
lution and looks at all that stuff in the sky that didn’t used to be there and doesn’t 
belong there.

When the sky is clear of pollution, however, there are some marvelous things 
going on. Effects like rainbows and sun dogs and haloes that form around the Sun 
and the moon have been drawing rave reviews as long as people have been looking 
up. Part 5 describes how the atmosphere bends the light and plays all sorts of 
tricks on our eyes.

Are you thinking about getting up close and personal with the weather? This part 
also describes cool weather experiments and famous weather experimenters and 
takes a look at what you need to set up your own weather station.

There is weather, and then there is weather. Once in a while, a storm or climate 
event like a drought comes along that is so terrible that it is remembered from one 
generation to another. It makes history. Part 6 takes a look at the most destructive 
storms in recent memory in the United States and around the world that made the 
weather hall of fame.
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Before there was weather science there were other ways of trying to figure out 
what the atmosphere was up to. This part also gives you a good look at weather 
lore, some of the famous sayings and proverbs and signs that have been passed 
down through the ages.

Where do you go from here? Weather data and other information about the weather 
is a huge part of the Internet, and in the Appendix, you can find a list of major 
weather websites to get you started in the right direction.
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Chapter 2
Forecasts and 
Forecasting

Accurately and precisely forecasting weather is a very hard thing to do. In 
fact, a 100 percent accurate forecast is impossible. (Find “The Butterfly 
Effect” in this chapter and see why.) Look into the history of almanackers 

and fortune-tellers of the 19th century, and you will realize that people have 
wanted reliable weather forecasting long before they could get it. Even early sci-
entists who began to understand the weather thought that forecasting its future 
was out of the question.

The local forecast may seem easy and breezy, but before it gets to the Internet and 
the screens of our mobile devices or TVs, a lot of hard science and heavy-duty 
number-crunching has been going on. My people at the Go Figure Academy of 
Sciences (GoFAS) tell me that meteorology, the study of the atmosphere, is harder 
than rocket science. (Check out the sidebar about GoFAS for the real lowdown on 
this imaginary institution.)

Think of it this way: When it blasts off its launch pad, the first thing scientists 
want their rockets to do is get out of the atmosphere, to leave behind all the turbu-
lent mess of swirling gases surrounding Earth. (As you may have noticed, a rocket 
that doesn’t do this is quickly in big trouble!) As soon as it can, it enters the quiet, 
predictable vacuum of space.

IN THIS CHAPTER

 » Weathering the forecast

 » Wising up to the key words

 » Trying out the tools

 » Going places with a weather map
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A meteorologist, on the other hand, never gets out of this mess of blowing gases 
we call the atmosphere. This chaotic environment makes the job of a meteorolo-
gist a lot more complicated. A research meteorologist not only has to know every-
thing a rocket scientist knows about the physical laws of motion and mass, about 
gravity and what-have-you, but also about chemistry and fluid dynamics.

And the mathematics, well — let me put it this way: Meteorologists have bigger 
computers.

Some of the most powerful supercomputers in the world are devoted to figuring 
out what the weather is going to be like one day to the next. You wouldn’t believe 
everything that goes into making a modern, state-of-the-art, accurate weather 
forecast. But, in this chapter, I’m going to tell you anyway!

Forecasting Prophets
Before the advent of electronic computers in the 1950s, weather forecasting was a 
much more difficult and, frankly, less accurate service. In those days, weather 
forecasting developed a reputation for inaccuracy that still haunts the business. 
Some early television forecasters even used puppets and other light-hearted dis-
tractions to ham up their presentations. The idea was that predictions were not 
expected to be taken too seriously.

Many forecasters in those days used a method that relied on maps of other days’ 
weather. They would draw a map locating areas of high and low pressure, warm 
and cold air masses, and moving storm fronts. Then they would page through big 
collections of earlier maps in search of patterns that most closely resembled the 
weather they saw before them. This was standard procedure: The map with the 
best fit would serve as an analog of what to expect from the current day’s pattern. 
A certain amount of personal experience and reputation and even “hunches” went 
into it. After decades of forecasting weather, this was the state of the art. Some-
times this analog method produced a fairly accurate prediction of the day ahead, 
and sometimes it didn’t.

Looking back, it is easy to see now that early forecasters were attempting to do 
something that just wasn’t humanly possible. The problem they were trying to 
solve was too big for their science. For one thing, their data was too sparse, their 
picture of the atmosphere was too sketchy. Even if they had more data, they didn’t 
have a way to manipulate the information fast enough to stay ahead of the passing 
weather.
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Computer technology changed meteorology from top to bottom — nowhere more 
dramatically than in the field of weather forecasting. For the first time, with high-
speed computer modelling of conditions in the atmosphere, forecasters had a way 
to quickly manipulate high volumes of in coming and out going data. No more 
puppets. No more song and dance. Everything depends on the quality of the mod-
els, of course, and since the 1950s, much of the time and money have been spent 
on computer hardware and software — making the models more sophisticated 
and sensitive to changes in the atmosphere.

THE GO FIGURE ACADEMY OF SCIENCES
Weather science can be a complicated and difficult subject, so I figured Weather For 
Dummies ought to have its very own think tank. So, well . . . I made one up. It’s the Go 
Figure Academy of Sciences (GoFAS), and it’s all mine. It can be yours, too, if you want it. 
I took the best people I could find and put them to work in my own place.

It looks a little like the World Weather Building that the National Weather Service occu-
pies outside of Washington, D.C. (see figure). It also looks a little like the Massachusetts 
Institute of Technology, except my dome comes to a sharper point. Anyway, I think it 
looks pretty great!

Go Figure Academy of Sciences
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Like the atmosphere itself, forecasting its behavior now is global in scope. National 
and private commercial forecasting services around the world maintain large, 
complex supercomputer simulations of the atmosphere and produce important 
global or regional forecasts. Two of the best known and most widely used are the 
global models produced by the U.S. National Weather Service (the Global Forecast 
System) and the European Centre for Medium-Range Weather Forecasts (known 
as the European Model). Weather forecasting is a much bigger science and a big-
ger business than it used to be.

Making a Forecast
While weather information comes in many voices and forms these days, all fore-
casting meteorologists begin their days with certain things in common, just a 
keystroke away.

On their computer screens are the latest forecasts issued by such major global 
models as the U.S. Forecast System, the European Model, and perhaps a regional 
forecast of some local significance. They will see where the models agree and 
where they differ. Often, they will refer to ensemble forecasts to more closely exam-
ine the range of possible outcomes (see “Playing the spread” later in this chapter 
for more about these types of forecasts). Also available are the latest images from 
satellites supplied by the United States and other nations and commercial con-
cerns who are owners and operators of satellite fleets.

Behind the scenes, in the World Weather Building in Camp Springs, Maryland, 
people who work for the National Weather Service play big roles in the daily 
weather forecast even if you don’t hear their voices or see their faces. Television 
meteorologists compete with one another for your viewing pleasure, with their 
different styles and presentations and engaging personalities. But when it comes 
to the actual forecast, they are pretty much reading from the same page. They all 
have the computing and forecasting resources of the National Weather Service on 
their sides. (And so do you.) It’s not a bad way to begin the day.

The basic tool for making modern weather forecasts is the supercomputer. For the 
outlook beyond the short range of the next several hours, all savvy meteorologists, 
private and public alike, check out the forecast data supplied by the national and 
international Numerical Weather Prediction computer models. Imagine the atmos-
phere around the world divided into individual squares of air spread out in all 
directions and stacked one on top of another maybe 10 miles high. Millions of 
individual cubes of air, all with their own different physical properties impinging 
on one another. That is how a supercomputer model “sees” the atmosphere. 
Working out how these different physical properties such as temperature and 
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pressure travel through this vast grid is how these models predict future weather. 
The output of these incredibly complex models is not seen by you and me when 
the forecast is delivered, but it is an important part of the forecasting process. But 
other forecasting techniques still play a role.

 » Computer modeling. Day in and day out, the statistics that come out of large 
and powerful software programs run on supercomputers are the single most 
important ingredients in the making of the average public weather forecast. 
The incoming stream of data is constant and from far afield — from the 
ground, from the sea, from low and high in the atmosphere, and from near 
and far distant space. At the National Weather Service’s World Weather 
Building, data is fed into a software program that acts like a virtual, or model, 
atmosphere.

 » Comparing statistics. Powerful as they are, the big national and regional 
forecast models don’t always pick up the fine details of the landscape such as 
nearby lakes and small mountain ranges that can affect local weather. An 
individual local forecaster’s knowledge and skills fill in these gaps.

 » Observing current conditions. Pictures of local conditions are a big part of 
the daily weather shows. Observing local conditions is not as important to 
local weather forecasting as it was before computer forecasting models got so 
good. Still, it is an important part of any forecasting process. When local 
weather becomes hazardous, observing current conditions becomes critical. 
This method is most important for short-range forecasting (deciding how 
weather will change in the next 6 to 12 hours), and for nowcasting, predicting 
weather for the next one minute to 4 hours.

What is going to happen in this area during the next 12 hours? Forecasters have to 
try to answer this question every time they issue a new regularly scheduled public 
forecast. (Imagine how it must be to have your professional judgment about the 
future put to such a public test so often!)

For special short-range forecasts, such as impending severe thunderstorms, a 
local forecaster is a busy person. In the United States, the National Weather Ser-
vice Storm Prediction Center issues “watches” that alert the public to the possi-
bility of trouble. But then it’s up to the local forecasters to keep a close eye on 
things. On the lookout for damaging hail, local flooding, or tornadoes, forecasters 
rely heavily on local radar observations and use their own training, experience, 
and understanding of local conditions to decide whether to issue a public warning. 
(The section “We interrupt this program . . .” explains the different watches and 
warnings.)
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For forecasts beyond the 12-hour period, and especially for general “outlooks” of 
weather beyond the next three to five days, the mix of forecasting tools may 
change. The projections of a variety of computer models still are consulted, but 
the climatology of a place — its average weather for this time of year — is weighed 
more heavily. This approach focuses on the question, “What usually happens here 
this time of year?”

Take what is happening now . . .
The weather forecasting process begins with the need to know what the atmos-
phere is doing now. This information is the data that describes what computer 
modelers call the “initial conditions” that are the starting points for their power-
ful forecast software. You might think of it as a nowcast. This information has to 
be as absolutely accurate and as detailed as possible. Forecast modelers know that 
the slightest error in their description of the current state of the weather can fairly 
quickly lead to large errors in the forecast. If the data describing initial conditions 

PLAYING THE SPREAD
High-powered computer models solving numerical weather prediction equations are a 
vast improvement in accuracy from the early days of forecasting, no doubt about it, but 
they are not perfect. As Ed Lorenz and the “Butterfly Effect” make clear, the atmosphere 
is inherently chaotic. The slightest error in defining the state of the atmosphere can lead 
to big effects down the road. You can’t get a 100 percent perfect rendering of the state 
of the atmosphere, and you can’t get a 100 percent perfect solution to the equations. 
What you get at the end of a single run of the numerical equations is not a forecast of 
absolute certainty, but rather a “best fit.”

Dealing with this perpetual state of uncertainty, weather scientists have developed 
another way to tackle the problem. Rather than running a single numerical model with 
a single set of initial conditions, they run more than one model, and they run them 
more than once and on different models — tweaking the incoming data ever- 
so-slightly to get a slightly different result. This method is known as ensemble forecasting, 
and it produces a broader range of possible weather outcomes. The output of ensem-
ble forecasting produces a variety of forecasts with different probabilities — like the 
odds at a racetrack. Users are able to see which outcome is the most likely, the favorite, 
and which is the longshot, and place their bets accordingly.

It represents a big improvement: being able to measure the level of uncertainty in a 
forecast. An ensemble forecast with a wide trail of possibilities inspires less confidence 
than an ensemble with a narrow trail. Check out the forecast the next time a hurricane 
is threatening landfall somewhere. Most likely, you will see a band of approach much 
wider than the storm. The width of the band is the footprint of ensemble forecasting.



CHAPTER 2  Forecasts and Forecasting      19

is a little wrong, the forecast can be very wrong. (That’s what “The Butterfly 
Effect” later in this chapter is all about.)

Weather forecasting is such a complicated and difficult business because it is try-
ing to predict the behavior of a system that has many features that are all change-
able, all the time. Observations of every sort need to be gathered. How warm or 
how cold is it? Which way is the wind blowing? Is it cloudy, or is it clear? Details 
about all these features and more are gathered from every source available.

From the ground, these measurements come from human weather observers and 
from instruments on automatic weather stations. From the air, they come from 
weather balloons and airplanes and satellites orbiting the planet in space. From 
the sea, they come from ships and from instruments on anchored moorings and 
drifting buoys, as well as satellites. (See Chapter 16 for more about these mea-
surement tools.)

Every day, 24 hours a day, data from thousands and thousands of weather obser-
vations around the world is streaming electronically into National Weather Ser-
vice computers and other major weather centers around the world. With these 
millions and millions of bits of data, the computers are constantly updating and 
refining their highly detailed descriptions of the current state of the weather — 
the nowcast.

WHAT’S IN A NAME?
When you think about it, meteorology is a funny word for weather science, isn’t it? A 
meteor is an object from space, usually a tiny bit of comet dust, that leaves a flash as it 
burns up in Earth’s upper atmosphere. What exactly does that have to do with weather? 
The answer is, exactly nothing!

But Aristotle, the great Greek philosopher, didn’t know all of this at the time he first 
used the word meteorology back around 350 B.C. Everything that happened above the 
Earth was considered astronomy in those days, and Aristotle was trying to define a new 
science. Astronomy was the study of all the stuff that goes on in the distant heavens, he 
figured, and meteorology was the study of the stuff that happens closer to Earth.

The Greek word meteoron means something that falls from the sky. (Hence, the phrase: 
“Don’t be such a meteoron.”) Anyway, what Aristotle had in mind, mostly, was weather, 
the study of rain and snow and hail. But he also threw in such things as comets and 
earthquakes. Go figure. . . .

Later, of course, comets were given back to astronomers, and earthquakes became part 
of the science of geology.
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. . . And add a little future
Computer models, or software programs, of numerical weather prediction divide 
the atmosphere over the surface of the Earth and above it into imaginary individ-
ual blocks, or gridpoints. Different models use different techniques to force changes 
in their virtual atmospheres. Some are better at depicting the progress of one type 
of weather change, and some are better at others.

Each of these separate blocks of air has features, such as temperature, pressure, 
wind, and humidity, with their own values. The computers take the data of all 
these values from all these blocks of air and apply a set of equations that represent 
basic physical laws. (No, I know you must be deeply disappointed, but the only 
equation you are going to find in this book is 1 Weather For Dummies = 0 
equations.)

Anyway, the output of this incredibly intensive process of computation produces 
a new value for each key weather feature at each gridpoint. But each complete 
computation moves the atmosphere forward into the future only a few minutes.

And so the whole process starts all over again. The computer begins analyzing the 
data in each block with the new values it has forecast, nudging the weather system 
forward a few minutes at a time until the desired length of weather forecast is 
achieved. The experts say that to produce a weather forecast of a few days, modern 
computer models may need to complete more than one trillion calculations 
(1,000,000,000,000). So just how super are these computers? Scientists figure 
they are about six million times more powerful than the average desktop 
computer.

The forecast method known as Numerical Weather Prediction has led to some 
pretty impressive improvements in recent years, but nobody expects computer 
models to make individual human forecasters obsolete anytime soon. Even with 
all that computing power, the numerical prediction models are not detailed 
enough for every weather forecasting purpose. For example, the models don’t 
very accurately account for the effects on weather of local landscape features such 
as mountains or lakes. And thunderstorms, which look pretty big when they’re 
coming at you, are too small and too short-lived even to show up on the big 
numerical models.

And another thing about all this computing power and these state-of-the-art 
weather forecasting models — did I mention that they are not always accurate?
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“We interrupt this program . . .”
Besides the regularly scheduled daily forecasts, National Weather Service offices 
around the United States as well as private forecasters issue special weather state-
ments and watches and warnings and advisories appropriate to local circumstances.

They are issued for such things as tornadoes, severe thunderstorms, floods, and 
winter storm conditions such as blizzards, heavy snow, ice storms or freezing 
rain, high winds, and dust storms.

When threats to public safety are imminent, bulletin warnings are issued — only 
by the National Weather Service — and a special communications network known 
as the Emergency Alert System is activated. When this happens, local radio and 

THE BUTTERFLY EFFECT
The atmosphere has a physical characteristic, like a personality trait, that sometimes 
drives forecasters to distraction, especially as they try to predict what the weather is 
going to be like beyond a few days.

All disturbances in the atmosphere grow and decay. Some disturbances are big enough 
to be measured — and “seen” by computer models — and predicted. Other distur-
bances are too small. In such a chaotic system, very small disturbances can lead to big 
disturbances over time.

When he discovered this characteristic of weather in the early 1960s, meteorologist 
Edward Lorenz at the Massachusetts Institute of Technology came up with an interest-
ing way to describe the problem. Imagine a butterfly in the jungles of the Amazon flut-
tering its wings and setting in motion a subtle whirl of breeze that travels and magnifies 
through the atmosphere over time. Farther and farther it goes, bigger and bigger it 
grows. Two weeks later, this breeze results in a tornado over Kansas. This is known as 
the Butterfly Effect.

Should the Butterfly Effect be taken literally? No. But forecasters ever since then have 
taken very seriously the big idea behind it. The atmosphere’s way of doing things is on a 
scale that is always going to be finer, or more exacting, than the scale for the data on ini-
tial conditions that goes into the numerical forecast models. This means that, no matter 
how much computer power is thrown into the job, it is simply not possible to create a 
100 percent accurate forecast, or a detailed weather forecast beyond about two weeks.
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television broadcasters interrupt their regularly scheduled programs to pass them 
along. Every year, the National Weather Service issues between 45,000 and 50,000 
severe weather warnings. Whatever the hazard, the differences between these 
various levels of public notices can be worth knowing.

 » A Special Weather Statement often is issued as a “first alert” to the possibility of 
significant weather. This kind of “heads up” also is issued when forecasters 
see the likelihood of such things as thunderstorms with small hail, which may 
not be life-threatening but could make conditions temporarily hazardous.

 » A Watch, such as a tornado or severe thunderstorm watch, is issued when 
dangerous weather conditions like lightning, large hail, and damaging winds 
are possible for the next several hours. It’s time to be on your toes.

 » An Advisory, such as a winter weather advisory or wind advisory, is issued 
when conditions are not life-threatening but still worth keeping in mind. These 
are especially valuable to travelers in areas experiencing such hazards as 
snow or winds or fog. Maybe it’s time to slow down and think ahead.

NOAA WEATHER RADIO
Timely weather information is readily available to anyone with an FM or AM radio or tel-
evision set, and most National Weather Service forecast offices maintain a website. But 
what happens when things go badly? If it’s emergency preparation you’re thinking of, a 
battery-powered NOAA Weather Radio belongs in a disaster supplies evacuation kit.

This official weather emergency radio service is the only direct link the National Weather 
Service has to the public. It operates from about 500 transmitters in 50 states and U.S. terri-
tories on seven frequencies in the VHF band, ranging from 162.400 to 162.550 megahertz. 
These frequencies are outside the normal range of AM and FM broadcasts, although some 
manufacturers are including NOAA Weather Radio as a special feature on some receivers.

Nearly every National Weather Service office operates at least one NOAA Weather Radio 
transmitter broadcasting weather information 24 hours a day. The average range of 
these transmitters is 40 miles.

During severe weather, a tone alert can be activated to cause radios equipped with the 
alert feature to sound an audible alarm. If you’re in the market for a weather emergency 
radio, check to see whether it has this special tone alarm feature.
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 » A Warning is issued when potentially dangerous weather is possible within a 
matter of minutes and residents should seek shelter. A warning means no 
fooling around — it’s time to take some action.

 » A Severe Weather Statement often follows up on a warning, to cancel it or modify 
the area of concern. Also, this statement might alert residents to the presence 
of such hazards as funnel clouds that are not expected to touch the ground.

Water, water, everywhere . . .
A major weather-related killer in the United States is flooding — not the winds of 
a hurricane or a tornado — and the especially dangerous circumstance of high 
water has its own set of National Weather Service bulletins.

A flood is called a flash flood because it is sudden. It takes place within a few min-
utes or a few hours of heavy rainfall or some other event like a dam break or a river 
levee failure. Most flash flooding is caused by torrential rains from thunderstorms 
or the rains of hurricanes or tropical storms.

Every state in the United States has been hit by flooding of one kind or another. 
Rivers flood sometimes in the spring when runoff from heavy rains combines with 
water from melting snow, although floods can happen any time of year. Along 
coastlines, the winds of powerful storms can generate big waves and high tides 
and storm surges that cause coastal flooding. The streets of every city can fill with 
water of urban flooding when circumstances are just right — or just wrong!

The National Weather Service issues these special flood warnings:

 » A Flash Flood Watch or Flood Watch is issued when flooding is possible. Be alert 
to signs of flooding and be ready to evacuate to higher ground.

 » A Flash Flood Warning or Flood Warning means flooding has been reported or 
is imminent. It is time to act, and to act quickly, to save yourself.

 » An Urban and Small Stream Advisory alerts you to the fact that flooding is 
occurring on some small streams or streets and low-lying areas such as 
underpasses and storm drains.

 » A Flash Flood Statement or Flood Statement contains follow-up information 
about a flood event.
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Flavors of Forecasts
Depending on where you live and what you do, the weather forecast you wake up 
to in the morning probably lets you know what basic conditions to expect of the 
day. Sometimes it delivers important information about your safety or comfort, 
and every day millions of people rely on it without giving it much thought.

In the newspaper, on the radio, on television, and on the Internet or smartphone 
app, the basic weather forecast is usually routine, simple, and to the point. It 
directs itself to the questions that most people want answers to as they start their 
day. How warm or how cold is it going to be? Will it rain or snow? Is a storm on 
the way? Will the wind blow? Before this day is over, will I need an umbrella or a 
light jacket or a heavy coat?

The National Weather Service and other agencies and private companies also pre-
pare daily a number of specialized forecasts. They provide important weather 
information about the day, or the next few days, to a variety of special audiences 
around the country. Private forecasting companies supply specially tailored fore-
casts for hundreds of special users such as utility companies, construction com-
panies, hotels, ski resorts, and motion picture studios.

Here are some of the more common special forecasts.

Agricultural forecasts
A farmer wants to know everything you want to know about tomorrow’s weather, 
but the farmer also has to keep an eye out for a few other special things. Much 
depends on the average seasonal conditions, or climate, of the region, and, of 
course, on the kinds of crops in the field.

All farmers are on the lookout for frost, because of the damage it causes to crops. 
In areas with large citrus orchards and vineyards, where freezing temperatures 
are rare, growers use large outdoor fans and heating devices to keep their trees 
and vines from freezing. These fans cause the coldest air, which is nearest the 
ground, to circulate with warmer air above it.

Another key indicator for many farmers is the combination of sunshine, heat, 
humidity, and wind conditions that let them know how much evaporation of 
moisture from their fields to expect. This evapotranspiration rate is closely watched 
by farmers who irrigate their fields.

The U.S. Department of Agriculture and many private companies provide farmers 
with weather forecasts tailored especially to their local needs around the country.
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Aviation forecasts
Forecasters provide specific nowcast guidance for Federal Aviation Administration 
air traffic controllers to use in advising pilots for flight planning and flight opera-
tions. (If you’re unfamiliar with nowcasts, see the section “Take what is happen-
ing now . . .” earlier in this chapter.)

Also, many of the automatic and manually operated weather stations are located 
near the touchdown zones of airport runways. The readings from their instru-
ments are automatically broadcast to pilots. (See Chapter 16 for more on these and 
other tools of the trade.)

Using communication satellites, the National Weather Service now beams a new 
radio broadcast system called the World Area Forecast System to pilots of com-
mercial airliners around the globe. This tool gives them the best information 
available about such things as upper-level winds and temperatures, which is cru-
cial to aviators (and their passengers!).

Marine forecasts
No group is more dependent on weather conditions for their safety and well-being 
than mariners — professional sailors, recreational boaters, and commercial and 
sports fishermen.

Monitoring coastal and offshore conditions, the National Weather Service forecast 
offices in coastal areas around the United States and in the Great Lakes region 
issue a variety of specialized forecasts and warnings for professional mariners and 
recreational boaters.

Marine forecasts let boaters know what kinds of winds to expect, whether the sea 
will be calm, and, if not, the height and direction of rolling swells. Small craft 
warnings for strong winds or fog conditions and other hazard advisories are 
issued in areas along the seacoasts and the shores of large lakes.

River forecasts
National Weather Service forecasters work closely with hydrologists, who are water 
experts. A weather forecaster estimates how much rainfall is likely from a partic-
ular storm, and the hydrologist figures out how much that precipitation will cause 
certain rivers and streams to rise.

Forecasters also keep operators of federal and state dams informed as major storm 
systems approach large river systems. Sometimes a dam is good for saving water 
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when there is too little, and sometimes a dam is good for saving a downstream 
city where there is too much. If they know a big storm is on the way, dam opera-
tors sometimes release more water from their spillways to make more room in 
their reservoirs to hold floodwaters.

Regional River Forecast Centers are spread around 13 locations in the United 
States. These centers are where National Weather Service forecasters prepare river 
and flood forecasts and warnings for approximately 3,000 communities around 
the country.

Fire forecasts
A corps of specially-trained weather specialists keep their eyes on the skies above 
national forests and other regions of their nation where wildfires are a major 
threat. These specialists are experts on the effect that weather has on the risk of a 
fire starting. They keep an eye on the dryness of the soil and vegetation, on tem-
peratures, and on winds and humidity.

They also have special knowledge about local conditions, such as the mountains 
and canyons, and how they affect winds, which are crucial to how fast and how far 
a fire burns. During some large fires in the western United States, a fire weather 
specialist is sometimes dispatched to the scene to keep firefighters informed of 
changing conditions. Chapter 13 has more detail about fire weather and the impact 
of our changing climate on wildfires.

Keywords to the Wise
You hear these words all the time on your local forecast: highs and lows and tem-
peratures and pressures and wind chills and humidities and chances of showers 
and wind speeds and directions. But just how slight or how likely is a chance of 
showers? What exactly are you being told?

Precipitation
When forecasters see rain or snow on the way, they have some decisions to make 
about how to describe the precipitation they expect. They need to think about how 
likely it is, how long it will last, and how intense it will be. What is the probability, 
or chance, that it will rain? Will it rain “’til the cows come home” or only briefly? 
When it rains, will it “come down like cats and dogs” or merely sprinkle?
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Sometimes when people hear the word rain in a forecast, that’s the only word that 
catches their attention. They make the mistake of assuming that it is absolutely 
certain that rain will fall on their head sometime during the day. And if it doesn’t, 
well, “Wrong again, the weatherperson said it would rain.” More likely, the fore-
caster used a few key words that didn’t make the same impression as “rain in the 
forecast.”

The National Weather Service has issued guidelines for expressing the likelihood 
of precipitation in hopes that certain word usages would become standard among 
forecasters. It hasn’t worked out very well.

For one thing, the terms the agency uses are easy to misunderstand. It leans heav-
ily on using something called probability of precipitation, which sounds fairly 
simple when you hear it. But it can mean one thing for one person and something 
else for another and might even be used to express different things under differ-
ent weather circumstances.

Technically, probability of precipitation is the chance, expressed as a percentage, 
that a measurable amount of rain — .01 of an inch or more — will fall someplace 
in the forecast area in the next 12 hours. It is a combination of two figures — the 
likelihood of precipitation in the area and the percentage of the area that is likely 
to get it. This doesn’t tell you as much as you might think. If there is a 50 percent 
chance that rain will develop anywhere in the forecast area, and 40 percent of the 
area is expected to get rain, this translates into a 20 percent chance of rain.

A 70 percent chance of rain doesn’t tell you that there is a 70 percent chance of 
rain everywhere in the forecast area, for example, and it doesn’t tell you that rain 
will fall on 70 percent of the area. It’s easy to think that a 70 percent chance of 
rain means a pretty hefty rainfall is likely, and a 20 percent chance means that 
only a little rainfall is on the way. But that would be wrong, too. Probability of 
precipitation doesn’t tell you anything about how long it is going to rain or how 
much it is likely to rain.

It’s easy to see why many television meteorologists put a different spin on the 
forecast, finding other ways to tell viewers what to expect. Other meteorologists 
at private forecasting firms such as AccuWeather Inc. employ a more user-friendly 
“public communications meteorology” that is intended to better describe how the 
day’s weather is likely to go than the National Weather Service’s way of saying 
things.

The National Weather Service forecast might say something like this: “Partly 
sunny today with showers and thunderstorms likely in the afternoon. Probability 
of precipitation is 70 percent.”
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AccuWeather’s version of such a forecast might go something like this: “Sunshine 
this morning, clouds will billow up during the afternoon, bringing much of the 
area a brief downpour between 5 and 8 p.m.”

Often, you will hear forecasters use a variety of key words to give more meaning 
to the probability statistics that the computer models put out. These words can 
describe the likelihood of rain in other ways. They might tell you how certain the 
chances are of rain, for example, or they could tell you how much area the rain is 
likely to cover.

A slight chance of rain, for instance, generally means that the probability of rain 
is 20 percent or less. Expressed another way, a slight chance of rain can be 
described as scattered showers. At least, that’s what the National Weather Service 
has in mind.

When a forecaster says there is a 30 percent chance of showers, it is worth keeping 
in mind the other side of the coin: There is a 70 percent chance that it won’t rain! 
When a forecaster predicts scattered showers, it doesn’t mean it is going to scatter 
showers on you. (So count yourself lucky and give your forecaster a break!)

Another set of four key words often is used to describe the duration of the rain that 
forecasters expect: brief, occasional, intermittent, frequent.

A weather forecaster also can use key words to describe the intensity of the rain or 
snow to expect. Nobody does it exactly the same way, but here are how some of the 
key words are commonly used for describing rainfall intensities:

 » Very light, when a trace, or less than .01 of an inch is expected

 » Light, from .01 to .10 inch per hour

 » Moderate, from .10 to .30 inch per hour

 » Heavy, for anything above .30 inch per hour

Temperature
Daytime maximum temperatures and nighttime minimums that a forecaster 
expects are often expressed as ranges. If the forecast covers a wide area, the highs 
and lows are not going to be the same in one place as in another. Besides, few 
forecasters would pretend that they can predict the exact degree of high and low 
temperatures.
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Temperatures of the air are very sensitive to local conditions, such as the presence 
of a tree or a parking lot. The tree will keep you cooler during the day, of course, 
and the parking lot is hot. But these features of the landscape may have the oppo-
site effect after dark. You may notice that the tree may actually have a warming 
influence on the temperature overnight, while the exposed parking lot can be 
especially cold. This is known as the “heat island” effect.

Temperature ranges are generally forecast in units of 5 degrees Fahrenheit, and 
you commonly hear these key words used to describe them:

 » Near, as in near 45

 » Around, as in around 20 degrees

 » About, as in about 75

 » Lower, as in lower 60s (60–64)

 » Mid, as in mid 60s (63–67)

 » Upper, as in upper 60s (66–69)

Forecasts of conditions beyond a couple of days are likely to use wider ranges of 
temperatures, calling for temperatures, for example, simply “in the 60s.”

Short-term forecasts for a specific area often are expressed in specific numbers, 
such as 70/52/74 to indicate a high of 70 degrees, an overnight low of 52, and a 
following daytime high of 74.

To avoid confusion, when temperatures get below 10 degrees or above 100, specific 
numbers are often used, even to express ranges. The forecast might be for a high 
of near 106, for example, or 102 to 108.

Temperature’s relative humidity
The United States is a funny country. Everybody east of the Rocky Mountains is 
very familiar with the idea of humidity, the amount of water vapor in the air, and a 
lot of people west of the Rockies don’t know what all the fuss is about. (Chapter 12 
explains these different climates.) Out west, when the temperatures get uncom-
fortably high, people console themselves with the idea that “It’s a dry heat.”

When it comes to the human body’s comfort zone, the temperature of the air 
around it is only part of the story. A summer day when the maximum temperature 
hits 95 degrees in Sacramento, California, for example, is a very different 



30      PART 1  What’s Going On Up There?

experience than a summer day when it reaches 95 degrees in Chicago or Pitts-
burgh. In Sacramento, you might hear people remarking about the “nice weather.” 
In Chicago or Pittsburgh, people are starting to get the look of disaster on their 
faces.

The moisture of the air — the amount of water vapor it contains — is important 
to how you and I feel about the temperature of the air and important to how the 
air behaves when it comes to making weather. Moisture determines how much 
more water vapor it is likely to absorb through evaporation, on one hand, and how 
likely it is to give up water vapor through condensation, on the other. These ten-
dencies are often measured by a property called relative humidity.

Relative humidity is a little tricky. It is expressed as a percentage, which is easy to 
get, well, not quite right. When weather forecasters say the relative humidity is  
40 percent, for example, they are not saying that the air contains 40 percent 
water, or even 40 percent water vapor. Relative humidity describes the percentage 
of water vapor in the air in relation to the total amount of water vapor the air can 
contain at that temperature. The air is 40 percent along the scale between holding 
absolutely no water vapor (which never happens, by the way) and holding all that 
it can, its point of saturation, which happens a lot.

Water vapor is an invisible gas, but you see and feel the effects of the air’s relative 
humidity all the time. When you take a shower, for example, you’re adding so 
much water vapor to the air that it is quickly saturated. Condensation is producing 
tiny water droplets and you’re standing in a little cloud. Step out of the shower, 
and you might begin to feel a little chill. You are stepping into air that is less 
humid, and heat is leaving your wet skin through evaporation. The heat is used to 
convert the liquid into the water vapor that is being absorbed into the air. The 
bathroom mirror is fogged up because the air up against its cooler surface has 
fallen to its saturation point and some of its water vapor has condensed into dew.

Clouds form when air rises and cools to its point of saturation.

Relative humidity on a warm day can make all the difference in how you feel. 
When the relative humidity of the 95-degree air is low, it is relatively easy for the 
body to cool itself. Perspiration seeps through the pores in the skin, and the mois-
ture easily evaporates into the air. Heat energy burned up in changing the water 
from liquid to vapor leaves the body’s temperature cooler. When the relative 
humidity of the 95-degree air is high, however, it really doesn’t want to take up 
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much more water vapor, thank you, so it is much harder for the body to get rid of 
its heat and its perspiration. So the heat builds up, the perspiration accumulates, 
and the poor body, well, it just kind of stews.

Heat index
The National Weather Service’s Heat Index, shown in Figure 2-1, shows apparent 
temperature values  — the temperature that the body actually feels  — which is 
more important than simply the heat or the humidity of the air. It is not just the 
heat or just the humidity, but both of these properties that this index combines to 
more accurately reflect what your body is going to have to cope with. The numbers 
in the index are based on shady, light wind conditions. Full sunshine exposure can 
raise these numbers by as much as 15 degrees Fahrenheit.

Here are some valuable health guidelines from the National Weather Service:

 » Between 80 degrees and 90 degrees on the Heat Index, be on the lookout for 
signs of fatigue with prolonged exposure or physical activity.

 » Between 90 degrees and 105 degrees, with prolonged exposure or physical 
activity, you may experience sunstroke, heat cramps, or heat exhaustion.

 » Between 105 degrees and 130 degrees, you are likely to experience sunstroke, 
heat cramps, or heat exhaustion.

 » At 130 degrees or above, dangerous conditions of heat stroke or sunstroke 
are highly likely with continued exposure.
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FAHRENHEIT AND CELSIUS
The world of weather has two main ways of measuring the temperature of the air (and 
the temperature of water, for that matter). The Fahrenheit (F) scale is used in the United 
States; the Celsius (C) scale is used in much of the rest of the world, including Europe 
and Canada.

In 1714, German physicist Gabriel Daniel Fahrenheit developed a scale where water 
boils at 212 degrees (F) and freezes at 32 degrees (F).

In 1742, Swedish astronomer Anders Celsius devised a scale in which the melting point 
of ice is designated zero degrees (C), and the boiling point of water is 100 degrees (C).

This figure is a handy comparison of the two scales.
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Wind
Winds have a lot to do with how storms come and go (Chapter 5 goes into detail), 
but the weather forecast concerns itself mainly with the wind in your face. A fore-
caster describes what is expected of the wind’s direction and its speed.

Wind direction describes where the wind is blowing from. And so a north wind is 
coming out of the north and blowing toward the south. You get the idea. Weather 
forecasts commonly describe the direction of winds on an eight-point compass: 
north, northeast, east, southeast, and so on.

Winds that blow only up to 5 miles per hour are generally described as light, or 
light and variable, to indicate that they are kind of wafting around in different 
directions. Winds 15 to 25 miles per hour sometimes are described as breezy when 
it’s mild weather or brisk when it’s cold. The word for 20 to 30 miles per hour is 
usually plain windy, at 30 to 40 miles per hour they are very windy, and winds 
blowing 40 miles per hour or greater can be described as strong, damaging, danger-
ous, or high. Winds become “hurricane force” at 74 miles per hour, but they are 
dangerous well before then. (Stay out of them!)

Wind chill
Wind can make hot temperatures feel cooler and cool temperatures feel colder. 
This is the wind chill factor — how a wind makes the body feel that the air around 
it is colder. Wind chill can be an important indicator of the danger of severe cold 
winter conditions.

The warmth of the body actually creates a thin envelope of warm air around it, a 
little insulating comfort zone. Along comes the wind that whisks that envelope 
away, exposing the skin to the raw cold and accelerating the heat lost by the body. 
The stiffer the wind, the greater the heat loss, the colder the feeling of air.

Sky cover
Clouds are a big part of weather, of course, and Chapter 6 is all about clouds. The 
extent of cloudiness has a lot to do with how the day feels, and the forecaster can 
use a variety of words to describe this big feature of weather. The National Weather 
Service uses these terms to describe the extent of cloud coverage of the sky.

 » When the sky will be free of all cloudiness or less than one-tenth cloudy, 
forecasters describe it as clear or sunny.

 » At three-tenths to six-tenths, the sky is partly cloudy or partly sunny or scattered 
with clouds.
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 » At seven-tenths to eight-tenths, the sky is mostly cloudy or cloudiness is broken.

 » At nine-tenths to the whole shebang, it’s just plain cloudy or overcast.

How to Read a Weather Map
Any forecaster will happily tell you, computers make drawing a weather map a 
snap! Reading a weather map has become a lot easier, too.

Weather maps have been around for the better part of two centuries, and for much 
of that time, they were the only way to visualize a lot of what was going on — or 
what forecasters thought was going on — in the atmosphere. But even now, when 
satellite images of actual storms and fronts are available, often a television fore-
caster and a newspaper weather page will display a simplified weather map to 
make clear to viewers and readers what’s going on.

The typical stripped-down version of a weather map highlights a few features of 
the weather picture across the nation. As Figure 2-2 illustrates, centers of high 
pressure and low pressure are designated simply by a large “H” or “L” on the 
map. Cold fronts lead with arrows ahead of them and warm fronts with semicir-
cles along their leading edge. Areas of precipitation are often designated with 
hatch-marks or shaded sections. Some temperature readings often are included, 
and occasional arrows will point out the directions of surface winds. Chapter 3 
goes into more detail about these weather features.
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Chapter 3
Behind the Air Wars

If there is a personality that describes the atmosphere, the blanket of air where 
all the weather takes place, you might think of it as flighty or fickle. Do you 
know people who change their minds a lot? Who often seem to be repeating the 

ideas of the last person they were with? That’s the atmosphere all over. (You want 
to scream sometimes: “Make up your mind!” Does it help?)

At the Go Figure Academy of Sciences, weather experts describe this maddening 
characteristic in polite, five-dollar terms like instability and turbulence and chaos. 
Frankly, the word unbalanced comes to mind, if you get my drift.

As any weather forecaster can tell you, the atmosphere is unreliable — here today, 
gone tomorrow, as the saying goes, blowing hot and cold. You think you know it 
when you go to bed at night, and then, poof! — as soon as the Sun comes up, 
there’s a completely different character. This chapter is all about the things that 
make the atmosphere and its weather the way it is — so changeable.

I Don’t Like Your Latitude!
Don’t be too hard on the atmosphere. (After all, it’s the air you breathe. Without 
it, you’re sunk.) Imagine trying to live in a house where it’s always hot at one end 
and always cold at the other. That’s the situation the Earth’s atmosphere finds 

IN THIS CHAPTER

 » Watching air masses amass and their 
fronts do battle

 » Seeing how the Sun’s energy powers 
the weather

 » Sorting out the effects of orbit and 
tilt and rotation

 » Composing an atmosphere



36      PART 1  What’s Going On Up There?

itself in. You don’t have to be an Eskimo or a Pacific Islander to figure out where 
the warm spots and the cold spots are, but it helps.

The low latitudes, around the Equator, get a lot of warm sunshine, and the high 
latitudes, around the poles, get very little. (Figure  3-1 shows the layout of the 
imaginary lines around the Earth called latitudes.) This temperature difference is 
no small matter. On the same day, it can reach 120 degrees below zero overnight 
in Antarctica and 120 degrees above zero in a subtropical desert. The atmosphere 
has to deal with these huge temperature differences all the time. They have a lot 
to do with what weather is all about.

You might think things would be pretty comfortable in the middle of the house, 
the middle latitudes, where most people live in the world. Not too hot, like  
Goldilocks said, and not too cold. And certainly it’s true that, on average, the  
mid-latitudes are less extreme environments to live in. But there’s a catch, of 
course. In case you haven’t noticed, it is in the middle latitudes where you and I 
live that a lot of the masses of northbound tropical warm air and southbound cold 
polar air come together. And when they do, it’s not a pretty picture. In fact, it can 
get messy.

Those big storms with the long lines that twist together into a whirling low- 
pressure system on the weather map are called mid-latitude cyclones, or some-
times, extratropical cyclones. You might think of these storms as battles between 
opposing armies of hot air and cold air. The lines between them are very 
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appropriately referred to as fronts — as in battlefronts. Weather scientists used to 
think of these storms exactly this way, although now the picture in their minds is 
more complicated. (The section later in this chapter, “News from the Fronts,” 
goes into more detail about these clashes.) Nobody who has lived through the dev-
astation of a flood or a blizzard or an especially severe winter needs to be reminded 
that weather unleashes powerful forces that can do terrible things. You and I are 
bystanders to all of this, and the only thing to do when a battle is raging is to try 
to stay safe, warm, and dry.

Where the Armies Mass
An air mass is a widespread body of air that has a uniform look to it. Across  
hundreds if not thousands of miles, all this air looks and acts pretty much alike. 
This is because it has been parked over a particular region of the Earth long enough 
to absorb some of its important qualities. It has picked up from the surface a cer-
tain temperature and humidity, or moisture content, and like in any good army, 
these characteristics are fairly evenly distributed. There are no real storms or bat-
tles going on or even strong winds — this is all the same army, after all — and 
pressure, like morale, is fairly high.

Just as different regions of the world have certain characteristics, so do the air 
masses that form over them. The big differences that make dramatic weather are 
temperature and humidity — they are warm or cold and moist or dry.

 » Continental air masses form over land and are dry.

 » Maritime air masses form over an ocean and are moist.

 » Polar or Arctic air masses are cold.

 » Tropical air masses are warm.

The action begins when an air mass moves from its place of origin, usually in 
response to winds in the upper atmosphere. (To read about what causes wind, 
check out Chapter 5.) While weather scientists now think of the winds high in the 
atmosphere as the driving forces behind the storms, the weather in your face still 
has the look and feel of a battle of air masses. In the Northern Hemisphere, the 
half of the world north of the Equator, you can be sure that a cold air mass is mov-
ing down out of the cooler regions of the north and a warm air mass is moving up 
from the warmer regions in the south.
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Winter air masses
Continental polar air masses that move down out of the snow-covered regions of 
northern Canada and Alaska are often in the picture when bitterly cold winter 
weather visits the United States (see Figure  3-2). Winds of this frigid, dry air 
blows over the northern plains and through the Midwest and the Northeast and 
occasionally reaches as far south as Texas and Florida. Out west, the Rockies, 
Sierra Nevada, and Cascade Mountains usually protect the Pacific Coast. As these 
air masses move southward, their extreme cold tends to modify, protecting the 
southern states from the most extreme cold. The barrier of the Appalachians 
sometimes protects the cities of the East Coast from the worst of it.

Maritime polar air masses regularly sweep over the West Coast from out of the 
northern Pacific Ocean, bringing cool, moist air that dumps heavy snow in the 
western mountains. By the time this air crosses east of the Rockies, it is relatively 
dry. It warms as it blows down the eastern slopes of the mountains and sometimes 
brings fair weather and warming temperatures to the plains. Maritime polar air 
also originates in the North Atlantic and occasionally sweeps southwestward into 
New England and the mid-Atlantic states, bringing rain and snow.

A WEATHER WAR ZONE
Every place has its own dangerous weather at one time of the year or another. But did 
you know that the continental United States gets more violent weather than anyplace 
else on Earth? This came as a big surprise to early American settlers.

In a typical year, the National Weather Service reports the continental United States can 
expect these violent weather events:

• Roughly 10,000 severe thunderstorms

• About 1,000 tornadoes

• Approximately ten severe winter storms

• An estimated 2,000 flash floods

• Plus threats most years from tropical storms and hurricanes in the North Atlantic, 
the Gulf of Mexico, and the Caribbean Sea

Why all these extreme weather events? It’s like they say about the real estate business: 
The three most important things are location, location, and location.

As Figure 3-2 illustrates later in this chapter, one region or another of the continental 
United States is in pathway of a variety of moist and dry and warm and cold air masses 
coming at it from all directions.
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FIGURE 3-2: 
The map shows 
the different air 

masses that 
affect weather in 

the continental 
United States and 
helps explain why 
the nation gets so 

much dramatic 
weather.

LAKE-EFFECT SNOWS
In late fall and early winter, people who live along the southern and eastern shores of 
the Great Lakes are very familiar with the effects of big expanses of water on the air. 
The continental polar air mass that brings cold, clear winter days to the Midwest has a 
very different look to it by the time it crosses the Great Lakes.

Even after — or if — the lakes freeze over, still they affect the amount of snowfall in the 
region. Four main weather-generating processes are at work when the cold, dry 
Canadian air flows over the lakes and the regions along the southern and eastern 
shorelines.

• The dry air absorbs moisture from the lake, which fuels the snowfall and gives the 
air more latent heat energy that is released as it condenses into a cloud.

• Flowing over the warmer lake water, the temperature of the cold air rises, and as it 
warms, the air lifts higher into the sky and becomes more unstable.

• After blowing over the smooth surface of the lake, the air plows into the uneven 
surface of the land, slows down in the friction, and piles up, rising farther into 
the sky.

• And the cold air gets another lift from the hills and higher terrain it encounters 
above the far shores.

In the summer, the Great Lakes have a very different effect on the weather of the 
region. Because the water of the lakes is often cooler than the surrounding air this time 
of year, they can dampen thunderstorm activity.
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Maritime tropical air masses from the Pacific sometimes sweep northeastward 
over California, and when they do, they can bring heavy rains and flooding. Simi-
larly, maritime tropical air from out of the Gulf of Mexico and Caribbean Sea can 
fuel flooding storms as it moves up the Mississippi and Ohio valleys.

Summer air masses
The continental polar air that brought frigid misery during winter often has a 
welcome cooling effect over much of the United States in summer. Fair weather 
generally prevails over the Northern Plains and Midwest when continental polar 
air is around, occasionally reaching even the Gulf of Mexico with pleasant dry air.

Maritime tropical air masses from the Atlantic Ocean, the Caribbean Sea, and the 
Gulf of Mexico spend a lot of time over the eastern two-thirds of the United States 
during summer, especially the Southeast, bringing warm temperatures and high 
humidity.

Continental tropical air forms over the big desert regions of northern Mexico and 
the U.S. Southwest in summer, keeping things hot and dry.

News from the Fronts
During the most powerful storms of winter and summer you will probably find 
two air masses of very different qualities  — different temperatures and  
humidities — crashing into one another. When upper winds and other conditions 
are right, this is where you will see a powerful mid-latitude cyclone with well- 
defined fronts that bring rain or snow over big sections of the country. In spring 
and summer, along these fronts can be long lines of severe thunderstorms that 
can form tornadoes when conditions are right — or wrong!

It might look like a rainy or snowy mess from down below, but a front, the transi-
tion zone or line between two distinct air masses, has a certain shape or structure 
to it, depending on what’s going on.

Cold fronts
When a cold front moves into space occupied by warmer air, it forces the warmer 
air to rise up and over the leading cold wedge. This is because cold air is denser, or 
heavier, than warm air and sort of bullies it out of the way. As the warm air rises, 
it mixes with the cold air and condenses into big clouds. Figure 3-3 shows what 
happens with the passage of a typical cold front.
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Often, these cold fronts are carried along by westerly winds, which tear away the 
tops of these clouds and carry them out far in advance of the approaching front. 
The first sign of an advancing cold front can be the appearance of these high 
clouds, followed quickly by a thickening sky. And then a line of heavy thunder-
showers develops as the front passes, followed by steadier and gradually lighter 
rain. A typical cold front moves about 30 miles an hour, often traveling to the 
south and east.

Warm fronts
When a warm front moves into the space occupied by a retreating cold air mass, it 
develops a completely different precipitation pattern than an advancing cold front 
would. While a cold front digs in underneath a warm air mass, because its air is 
denser, the lighter air of a warm front rides up above the cold air it is replacing. In 
this rising warm air, clouds form far out ahead of the advancing warm front’s 
boundary. Hundreds of miles ahead of the surface edge of a warm front, the cloud 
cover slowly thickens, finally bringing rain or snow. All this happens long before 
the surface edge of the warm front finally passes. When that happens, the sky is 
usually clear. A typical warm front can travel about 10 to 20 miles per hour, most 
often moving north and east.

Cold front

Warm frontWarm air

Cold
air

Warm
air

Cold
air

FIGURE 3-3: 
These diagrams 

illustrate what 
usually happens 
when cold fronts 
and warm fronts 

come along.
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Stationary fronts
A stationary front, as you might expect, isn’t going anywhere, at least for the time 
being. But don’t let its lack of motion fool you. A stationary or slow-moving front 
can mean real trouble. A lot of weather can be happening around a front that isn’t 
moving. Sometimes, when warm humid air travels over the frontal boundary, 
rainfall can occur over large areas, and because the front isn’t moving, the rain 
may stay long enough to cause flooding.

Occluded fronts
As a winter storm progresses, the large wedge of warmer air between the warm 
front and the cold front gets narrower. The cold front travels faster than the warm 
front, and beginning near the low-pressure center of a mature storm, it eventu-
ally overtakes it. This new boundary is called an occluded front. On one side is cold 
air from behind the cold front. On the other is cool air that the warm front was 
flowing over. Above the front is warm air that has been cut off from the ground.

Here Comes the Sun
Weather is the Sun’s doing. It might be hard to believe when you are being ham-
mered by a cold winter storm, but the Sun, the star of the solar system, is the driv-
ing force behind all this weather, the commander in chief of all these air wars. The 
heat energy — the solar energy — radiating from this star is the fuel that drives it 
all, everything I describe in Weather For Dummies. If it were not for the Sun’s 

THERE GOES THE MOON
Sailors and poets and ancient thinkers all favored the idea that the moon has a lot to do 
with how things go here on Earth. A “ring around the moon” was seen as a sign of 
impending storminess, for example, but none of it is the moon’s doing.

That ring or halo is moonlight — sunshine reflecting off of the moon’s surface —  
scattering as it encounters thin clouds in the atmosphere. They might be high in the 
atmosphere, those clouds, but they are nowhere near the moon.

But the moon has this important indirect impact on weather: The tug of its gravity 
makes the tides of oceans and very large lakes rise and fall, and during powerful coastal 
storms, high tides can make the difference between inconvenience and natural disaster.
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warming of Earth and its atmosphere, the planet would be frozen solid, a ball of 
ice. (And nobody would be around to read — or write — about the weather.) The 
Sun’s energy is the fuel, and weather is the result of the huge temperature differ-
ences between the Equator and the poles. These temperature differences are partly 
Earth’s doing, of course. But if you want something to blame it on, blame the 
weather on what happens deep within the interior of a star 93 million miles away!

Moving Sun’s energy
The atmosphere is always in the process of converting the Sun’s energy from one 
form to another and moving it from place to place. Behind all the motion, and 
commotion, is a complicated exchange of energy between the atmosphere and the 
Earth. Things are out of balance, and the system is trying to even them out. 
Weather is the name we give to the atmosphere’s turbulent efforts to balance the 
cold with the hot, the dry with the wet. The atmosphere deflects more of the Sun’s 
radiation than it absorbs, and Earth’s surface has a solar energy surplus. This 
exchange process is what keeps the atmosphere from becoming unbearably cold 
and the ground you and I stand on from getting unbearably hot.

Through heat-transfer processes that weather scientists call conduction and con-
vection, the radiation surplus is continually moving from the surface up into the 
atmosphere. The heat is conducted directly from the surface to the thin layer of 
atmosphere above it. You might say that the convection process takes it from 
there, mixing it through winds and other weather processes among the higher 
layers of atmosphere.

While weather watchers like you and I focus on the sky, on the rays of the Sun 
beating down on us and on the rain or snow falling from the clouds, a weather 
scientist sees things as part of an energy transfer that is moving from the ground 
up. A winter storm at the seam between two air masses, which this chapter’s pre-
vious section, “News from the Fronts,” is about and Chapter 8 describes more 
fully, is transferring energy from the surface to the atmosphere. So is a summer 
thunderstorm, which Chapter 10 describes. And so is an autumn hurricane, which 
Chapter 7 details. Through conduction and convection, they are all moving one 
form of heat or another from a warmer region to a cooler one.

Later in this chapter, the section, “The Big Picture” explains why the atmos-
phere never succeeds at this process of balancing the Sun’s energy around  
the world. Figure  3-4 shows what happens to the radiation from the Sun  
striking Earth.
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FIGURE 3-4: 
Here’s what 

happens to the 
radiation from 
the Sun once it 

reaches the 
atmosphere.

REFLECTING ON ALBEDO
Some sunshine is missing. Nobody leave the room.

About half of the solar energy that reaches Earth’s atmosphere ends up getting 
absorbed at the surface. There it gets converted into invisible long-wave radiation. 
When it re-enters the atmosphere sooner or later, it helps make weather. Another  
20 percent gets absorbed by the atmosphere and clouds on the way down.

So what happens to the other 30 percent of the sunshine? People who have been put 
on the case say it gets lost to scattering, when sunlight rays collide with air molecules or 
tiny dust particles are reflected back off of bright surfaces. The brighter the surface, the 
more light it reflects (and the less it absorbs). This is why a white shirt is cooler than a 
dark one on a summer day. The percentage of light that a surface reflects back, rather 
than absorbs, is a property that scientists call albedo.

Albedo is a big deal. For example, 20 percent of the incoming sunshine bounces right 
off the bright white cloud tops and heads back toward space. About 4 percent is 
reflected back from Earth, but there are big differences in the albedo of different sur-
faces. It ranges anywhere from 95 percent for fresh snow to 2 percent for calm water.



CHAPTER 3  Behind the Air Wars      45

Looking absolutely radiant!
Don’t look now, but waves of energy are radiating all around you. The fact is, 
everything that has a temperature above absolute zero (–459.67 degrees  
Fahrenheit/–273 degrees Celsius) is giving off at least some waves of radiation. 
Your body, for example. Even your Weather For Dummies book. This radiation is an 
important part of the process of turning the Sun’s energy into weather.

When it comes down from the Sun, however, most of the energy arrives as pow-
erful short-wave radiation, including the spectrum of light that you can see, and 
this passes right through the atmosphere and strikes the surface of the Earth. 
Depending on the kind of surface it hits, it bounces back or is absorbed. It all 
depends on color and surface texture and other properties of the surface. Notice 
how hot a black asphalt parking lot gets on a summer afternoon, absorbing the 
heat, and yet, how quickly it cools, or radiates it away, overnight.

People who plan cities and buildings are studying these different heat-absorbing 
and radiating properties of materials to make downtowns and neighborhoods 
more energy-efficient and comfortable places to be.

In case you haven’t noticed, the energy that radiates back from the surface travels 
as long infrared waves, which you and I can’t see. Invisible it might be, but this 
form of radiation is more important than you might think. The atmosphere, which 
lets most of the incoming short-wave sunlight pass right through without  
absorbing it, catches a lot of the rebounding long-wave heat energy and keeps it 
around. This produces the so-called greenhouse effect that is discussed in detail in 
Chapter 14.

BRING IN THE CLOUDS
Clouds love this long-wave infrared radiation. The tiny water particles in them soak it 
right up.

Have you ever noticed that a cloudy night often is warmer than a clear one? Those 
clouds are absorbing that radiation coming off the Earth and radiating a lot of it back 
toward the ground, acting like a big infrared blanket over you.

A cloudy day can be a different story, depending on the season. In spring and summer, 
the same clouds that kept you warm at night now are preventing the sunlight from 
reaching you. More often than not, a calm cloudy summer day is cooler than a calm 
sunny day. In winter, clouds during the day often make temperatures near the ground 
warmer than on a clear day.
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This invisible long-wave radiation that is given off by the Sun-warmed Earth is 
more important to weather than direct sunlight. Somebody who has spent the day 
in the sunshine may find it hard to believe, but a weather scientist will tell you: 
The energy radiating back up into the atmosphere from the surface of the Earth as 
long-wave radiation has more direct effect on weather processes than the short-
wave energy that comes directly through the atmosphere as sunshine.

A contagious convection
Heat that is moving from the surface of water or land warms the air just above it 
in a process of direct transfer known as conduction. This is the way the icy cold of 
a glass or the boiling heat from a cup travels up the handle of a metal spoon, for 
example. And just around the metal spoon handle, a thin layer of air is absorbing 
some of the heat.

HOW TO CAUSE A STORM
Did you know there are two forms of heat?

One is the kind of heat that you feel on your arm, say, when you exercise or hang out in 
the sunshine. This they call sensible heat, because you can sense it. (This sounds pretty 
sensible to me, although I wouldn’t spend too much time out in that sunshine.)

The other kind is latent heat. This is heat that is released or absorbed when things like 
water change phase, or form, between vapor and liquid and ice. They call it latent 
because it is stored away, or hidden. (They could have called it insensible, you know,  
but nobody asked me.)

This idea sounds a little tricky at first, but really it’s no sweat. Look at it this way:

When you perspire, your body is working on getting rid of excess sensible heat. The 
sweat on your arm evaporates, converts from liquid water to gaseous vapor. This pro-
cess of conversion from liquid to gas state absorbs heat, and the coolness you feel is the 
sensible heat being converted to latent heat. The heat that left your body is stored away 
in the molecules of that little bubble of air that just lifted off from your arm.

Now follow that water vapor off of your arm as it rises up higher and higher into the sky 
and forms a cloud. When it does this, it converts itself back into liquid, tiny water drop-
lets, and gives the heat it took off your body back to the atmosphere. Oops, things look 
a little unstable up there. A storm is brewing! Now see what you’ve done!
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From this thin layer of air at the surface, the heat energy finds its way into higher 
levels of the atmosphere through a process known as convection, the vertical mix-
ing of liquid or gas of different temperatures. Convection is what happens when a 
pot of water boils.

Some of this air mixing happens through the mechanical forcing of wind. This is 
referred to as forced convection. Blowing near the surface, swirling eddies in the 
flowing air carry the heat up into the sky. Two general rules apply: the faster  
the wind, the greater this kind of convection. Also, the more uneven the surface — 
the bigger and more numerous the eddies — the greater this kind of mixing.

Another kind of vertical mixing known as free convection depends on buoyancy —  
the ability of warmer air to rise in cooler air. In the atmosphere, a kind of bubble of 
warm air is formed near the surface and floats up to higher altitude, above the 
cooler, denser air around it, much like a hot-air balloon would do. As it rises higher 
and higher, the bubble of air expands, and as it expands, it cools. This kind of rising 
and falling of air of different temperatures and densities is going on all the time.

The process of free convection can be especially noticeable on a warm summer 
afternoon. The Sun is heating the ground and the heat from the ground is quickly 
warming the air just above it. Before long, a rising column of warm expanding air 
is formed. These are the thermal updrafts that soaring birds ride on a warm day.

If conditions are right, if the air bubble contains enough moisture and the sur-
rounding air is colder than the bubble of air, a cloud can eventually form when the 
rising air gets cold enough for its water vapor to condense into tiny liquid droplets 
or even ice crystals. (For more about cloud formation, see Chapter 6.) This con-
densation process gives off still more heat, called latent heat. This latent heat plays 
a major role in the in the formation of clouds and storms. (See the sidebar, “How 
to cause a storm.”)

The Big Picture
You want to know what’s really behind all that turbulent mess you think of as 
weather? (No, my people at the Go Figure Academy of Sciences have looked into it, 
and they tell me it’s not the government.) Do you want the Big Picture? Well, now 
it can be told. Believe it or not: It all has to do with the way the solar system is put 
together. (Hey, you wanted the Big Picture!)

When you really get down to it, three large facts of life in this particular reach of 
the solar system are responsible for the behavior of Earth’s atmosphere. You can 
see them all in Figure 3-5. It has to do with the orbit of the Earth around the Sun. 
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It has to do with the way the planet rotates on its own axis, the way it spins like a 
top. And it has to do with the fact that it is not spinning straight up and down, but 
at a tilt. Also, notice how the Earth is closest to the Sun on January 3, in the middle 
of the Northern Hemisphere’s winter. Go figure!

Long live the revolution!
If you told me that it takes a year for the Earth to travel completely around the Sun, 
and that a year is 365 days, you would be accurate enough for most purposes. But I 
might not want to set my clock by yours. Did you remember Leap Year — the fact 
that you add a 29th day to February every four years? This makes up for the fact that 
the complete revolution of Earth’s orbit around the Sun actually takes 365¼ days.

There’s something else about Earth’s orbit of the Sun that is a little, well, irregu-
lar. If you look at it closely, you will see that it is not really a circle — that is,  
the Sun is not in the center of Earth’s orbital path. Instead, it is off to one side. The 
shape of the orbit is elliptical, which means that at some times during the year the 
Earth is actually closer to the Sun than at other times.

This state of affairs might lead you to think — as some people do — that Earth’s 
elliptical orbit is responsible for the fact that some times of year are warmer than 
others — that summer might be caused by the fact that the Earth and Sun are 
closest together at that time of year. This is a completely mistaken idea, and you 
should wash it out of your mind immediately. In fact, I’m sorry I brought it up!
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If you have any doubts, consider this fact: The Earth is closest to the Sun every 
year on January 3. I don’t know about you, but I live in California, and while we 
have had some pretty nice January days, January 3 has never felt much of anything 
like summer. If I lived in the Southern Hemisphere, south of the Equator, where 
January 3 is in the summertime, I might think differently about this, of course. 
But still I would be wrong. Earth being closest to the Sun at that time of year is not 
responsible for the fact that it is summertime there either.

Here’s what it means: On or about January 3, the Earth and the Sun are a mere  
91 million miles apart. Six months later, on July 3, at the opposite side of the  
elliptical orbit, when they are farthest apart, the distance has stretched to  
94 million miles. This is about a 3 percent difference in the Earth-Sun distance 
from one time of year to another.

It has an impact on the intensity of sunshine reaching Earth, no doubt about it. 
Scientists have figured out that Earth gets 7 percent more heat energy from the 
Sun on January 3 than it does on July 3. This is because on July 3, even though it is 
mid-summer in the Northern Hemisphere, the sun’s rays are traveling a little 
farther and so are slightly more spread out than they are on January 3. But this 
small difference does not account for the seasons. The angle that they strike a 
particular place on Earth makes a lot more difference to the intensity of the Sun’s 
rays. As Figure 3-6 illustrates, the angle is what the seasons are all about.
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Spreading the beam
The closer together the rays of sunshine, the more intense the energy. This idea 
helps explain why the energy from the Sun is weaker when it shines on the polar 
regions of Earth than at the Equator. These regions remain cold even though the 
Arctic and Antarctica, at the North and South Poles, get many hours of daily sun-
shine during the summers in the Northern and Southern Hemispheres. It has to 
do with the angle at which the sunlight strikes.

Try this at home. Notice how much brighter a flashlight’s beam is when it is shin-
ing directly at a surface and how quickly it fades when you spread the beam out at 
a greater angle and over a bigger area.

Everybody notices this effect of the sunshine between the different seasons, of 
course. Unless they live in the Tropics, the region of the world along the Equator, 
where the Sun is more or less directly overhead all year long. For most of the 
world, the winter Sun that comes glancing in at a low angle is a pretty weak sister 
to the summer Sun that spends a lot of time directly overhead. Figure 3-7 illus-
trates the point. The next section of this chapter explains the cause of this sea-
sonal angle.

A MATTER OF SOME GRAVITY
Hmmm . . . let me see now. . . .

The time from the Summer solstice to the Winter solstice would be — yup, that checks 
out, 182 and 183 days between them, close enough.

And from the spring equinox to the autumnal equinox — oops, what’s going on here? 
Between March 20 and September 22 are 186 days, and between September 22 and 
March 20 are 179 days.

Sure enough, it has to do with the elliptical shape of Earth’s orbit around the Sun (refer 
to Figure 3-6). This is gravity at work — the pull of the mass of the Sun on the Earth. 
When the Earth is closer to the Sun, the pull of gravity is stronger. Because it is farther 
from the Sun from March 20 to September 22, Earth travels more slowly during that 
loop of its orbit.

This means that summers are seven days longer in the Northern Hemisphere than in 
the Southern Hemisphere. Do they know this in Australia? Is this legal?
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The sunlight’s angle affects its intensity in another way. The more directly the 
Sun is over your head, the less of Earth’s atmosphere it has to penetrate. Various 
things in the atmosphere filter out or scatter some of the incoming rays, so the 
more atmosphere it has to travel through, the more filtering and scattering takes 
place. (Chapter 15 says a lot about these optical effects.)

Tilting at the seasons
Earth is out of kilter. You might expect a well-behaved planet to stand up straight, 
and after 5 billion years or so, to act its age. But nope, not Earth. What can you do? 
Always it’s got this slant to it, like a slouchy teenager, as if it’s leaning against 
something. The angle of this tilt — the difference between where its poles are and 
where they would be if it were upright in relation to the Sun — is 23.5 degrees. 
When you come to think of it, this is quite a slant.

This 23½-degree angle is why you have seasons. This is the whole reason why 
there is winter and spring and summer and fall. This tilt is why there is a time of 
year when plants are growing vigorously and another time when they are dor-
mant. This slant of the Earth is the reason why January 3 and July 3 have a com-
pletely different feel. And this is why some times of year the Sun races across the 
sky and sets like a falling rock and at other times it just seems to hang up there all 
day long.

If Earth were upright in relation to the Sun, still there would be weather, because 
still there would be cold air near the poles and warm air near the Equator for the 
atmosphere to contend with. And still there would be the cool and warm variations 
of night and day. But without the tilt, there would be no seasons.

My people at the Go Figure Academy of Sciences tell me that in a truly upright 
world, life as you know it would be very different. For one thing, everywhere on 
Earth all year long would get the same amount of daylight and darkness — exactly 
12 hours. For another, there would be no tourist seasons.

As Figure 3-7 shows, this arrangement that gives the Earth the same slant in rela-
tion to the Sun throughout the year produces some interesting dates.

 » On about March 20, the vernal (or spring) equinox, and again on or about 
September 22, the autumnal (or fall) equinox, it happens that daylight and 
darkness is distributed evenly around the world — each lasting 12 hours.

 » Direct sunlight reaches its most northerly point on or about June 21, the 
summer solstice, over the Tropic of Cancer, an imaginary latitude line  
23.5 degrees north of the Equator. In the Northern Hemisphere, this is 
sometimes called “the longest day” because it is the day of most daylight.
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 » Likewise, on or about December 21, the beam of direct sunlight has reached 
its most southerly point, over the Tropic of Capricorn, 23.5 degrees south of 
the Equator. In the Northern Hemisphere, this is “the shortest day,” the day of 
least daylight. By the same token, at the other end of Earth’s tilt, in the 
Southern Hemisphere, these “longest” and “shortest” days are reversed.

These dates are often said to be the “first official days” of the various seasons, but 
take another look. Is December 21 really the first day of winter where you live? As 
my people say at the Go Figure Academy of Sciences, this is the kind of thing that 
can happen when you send an astronomer to do a meteorologist’s job! In most 
parts of the United States, if you haven’t been wearing your winter coat before 
December 21, you haven’t been keeping your promises to your mother. Likewise, 
by June 21, the day of the year when the Sun’s rays beat down directly over more 
of the Northern Hemisphere than any other, summertime has already become a 
pretty familiar feeling.

In the middle latitudes of the Northern Hemisphere, weather scientists generally 
think of the winter season as the months of December, January, and February, 
spring as March, April, and May, and so on. (From winter through autumn, Part 3 
goes into the details of the weather effects of these seasonal changes.)
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FIGURE 3-7: 
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Spin of the day
You and I are part and parcel of Earth’s motions in space, and the planet’s  
atmosphere also is going along for the ride. Although Earthlings are traveling in a 
yearlong revolution around the Sun, speeding through space, they have no sensa-
tion of this movement. Thank goodness for that! Talk about being blown away!

Also, people have no sensation of dizziness even though the planet is spinning like 
a top in a rate of rotation that completes itself every 24 hours. A person standing 
at the Equator not only is traveling through space along with the planet, but at the 
same time is spinning with the planet at more than 1,000 miles per hour. It’s like 
a whirligig carnival ride, revolving on one level and spinning on another, and I’m 
getting a little queasy just thinking about it.

The rotation or spin of Earth has a big impact on daily weather. Every moment,  
24 hours a day, a new patch of the Earth is being exposed to the warming rays of 
the Sun after the cooling effects of darkness. Exactly around the world, a patch in 
daylight is becoming shrouded in the shade of the spinning planet. This constant 
routine is sending radiant heating and cooling through the atmosphere like a 
wave.

Such is the fickle pace of many daily weather events. The hot summer afternoon 
can conspire with the moist air to produce a violent local storm of lightning and 
thunder and hail. The ground and the town below it can be left in a mess in an 
hour or two, and before long, the sky can show not the slightest sign of what 
happened.

Earth’s rotation is responsible for some very large and powerful weather-related 
motions in the atmosphere. For example, weather patterns in the middle latitudes 
move from west to east because of Earth’s spin. It is responsible for the  
west-to-east direction of the powerful polar jet streams and for the prevailing 
global winds, such as the tradewinds and the mid-latitude westerlies, which 
Chapter 5 describes in detail.

Putting on Airs
The atmosphere, the weather’s home, begins at the tip of your toes and extends 
some 80 miles up, more or less. That may sound like a pretty deep sky, but relative 
to the size of the Earth, its thickness is less than a rind on an orange. And the layer 
of atmosphere where all the weather takes place is much thinner still  — only 
about 10 miles thick — more like the skin on a peach. Only this skimpy layer, this 
peach fuzz, contains enough of the ingredients in the right proportion that you 
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and I need to breathe. Does it strike you as odd, by the way, that people so seldom 
give this vital substance much thought? Go figure. So what exactly is this  
atmosphere — this precious stuff called air?

Do I smell gas?
The atmosphere is a thin envelope of gases surrounding Earth. Figure 3-8 lays out 
its contents, within about 50 miles of the surface, and quickly you can see that 
mostly it is nitrogen and oxygen. No, you can’t really smell the gases that make 
up the air. This mixture is odorless and tasteless. And you can only see it when it 
contains water drops or something else — when it’s dirty. Then you smell it and 
you can see it, even if you don’t want to. (Chapter 14 has the low-down on air 
pollution.)

While it makes up some 78 percent of the atmosphere, nitrogen is not in the 
weather-making business. It makes the natural nitrogen that is absorbed by the 
soil and is essential for the growth of plants. It does combine to form nitrous 
oxide, an important ingredient in smog, which is described in Chapter 14.

The following sections describe the gases that are most important to weather.

Oxygen
Oxygen, the gas that sustains all life on Earth, is constantly being recycled between 
the atmosphere and the biological process of plants and animals. It combines with 
hydrogen to form water, which in its gaseous state, water vapor, is the most 
important component of the atmosphere as far weather is concerned.

Trace amounts of argon, neon,
helium, hydrogen, xenon, water
vapor, carbon dioxide, methane,
nitrous oxide, ozone, particles
(dust, soot, etc.), and
chloro�uorocarbons (CFCs)

OtherOxygen:
20.95%

Nitrogen:
78.08%

0.97%

FIGURE 3-8: 
The gases that 

make up the 
atmosphere.
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The form of oxygen known as the gas ozone also is vital to life on Earth. Ozone 
forms a thin layer in the upper stratosphere that filters out harmful ultraviolet 
radiation. Chapter 14 describes what happens when this crucial layer is depleted — 
when an ozone hole forms  — and what the world’s governments are doing 
about it.

Water vapor
If there is one substance in the atmosphere more involved with weather than any 
other, it is the gaseous form of water. At its most concentrated, water vapor makes 
up only 4 percent of the atmosphere, and yet, almost no important weather takes 
place without it.

Without water vapor to condense into droplets of water or ice crystals as air rises 
and cools, no clouds would form in the sky.

Without water vapor, there would be no precipitation — no rain and no snow. The 
cycling of water through the environment, as described in Chapter 4, would come 
to a screeching halt without water vapor in the atmosphere.

The condensation of water vapor leads to the release of latent heat, which is 
described earlier in this chapter in the sidebar “How to cause a storm.” Latent 
heat supplies the atmosphere with the energy that is important in the formation 
of storms, especially thunderstorms and hurricanes.

Water vapor also is a potent gas in the greenhouse effect, which is outlined in 
more detail in Chapter 14. Like the glass top of a greenhouse, it absorbs infrared 
heat emissions from Earth’s surface, preventing it from radiating back into space.

Carbon dioxide
Like water vapor, the gas carbon dioxide has powerful greenhouse effects, trap-
ping outgoing heat radiation, a process that is natural and beneficial — up to a 
point.

Carbon dioxide is constantly recycled through biological process of animals and 
plants. It is absorbed from the atmosphere during photosynthesis, the process by 
which plants take sunlight, water, and carbon dioxide and make food to grow on. 
In the bargain, the plants give off oxygen.

Carbon dioxide is supplied to the atmosphere through such things as the decay of 
plant and animal material and such human activities as timber harvesting and the 
emission of exhausts in the burning of fossil fuels, such as gasoline and other oil 
products and coal.
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This gas has no direct effect on daily weather, and most of it gets washed out by 
rain or snow. But like all greenhouse gases, carbon dioxide has an effect on cli-
mate, weather’s long-term patterns. The concentration of carbon dioxide in the 
atmosphere has been steadily on the rise for more than a century. (Chapter  14 
describes how increased concentrations of CO2 have led to some pretty alarming 
worries about global warming.)

The bit particles
The variety of tiny particles of solids and liquids collectively called aerosols are 
not, strictly speaking, atmospheric gases. But these natural and man-made impu-
rities in the air are very much a part of the atmosphere. They play important roles 
in both daily weather and in longer term climate variations.

On the surfaces of these tiny floating bits of stuff, water vapor condenses to form 
clouds. In fact, my people at the Go Figure Academy of Sciences tell me that you 
cannot get a cloud to form naturally without this microscopically small flotsam 
and jetsam up there. Without clouds, of course, there would be no precipitation, 
and without precipitation — well, you get the picture. There would be no Weather 
For Dummies!

The atmosphere is carrying tons of aerosols, such things as soot and ash from 
fires, dust kicked up by winds, salt from sea spray, and large quantities of ash and 
droplets of gases from the eruption of volcanoes. In fact, the gigantic eruption in 
1991 of Mt. Pinatubo in the Philippines threw so much material high into the 
atmosphere that it changed the short-term global climate. Aerosols from this 
single volcano filtered out sunlight, causing average surface temperatures in the 
Northern Hemisphere to decrease by nearly 2 degrees. This worldwide cooling 
effect lasted nearly two years.

On the downside, industrial processes and gasoline engine combustion releases 
enormous quantities of aerosols, which is responsible for the formation of smog 
in urban areas. Chapter 14 describes these and other air-polluting effects of aero-
sols, including acid rain.

How high the sky?
There is no well-defined upper boundary of the atmosphere (see Figure 3-9). It 
just gets thinner and thinner and thinner. It’s like the thin skin of a peach — 
clearly defined on one side where it covers the fruit and then fuzzy on the other.
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You could say that the atmosphere extends roughly 80 miles up, because a few 
molecules of the lighter gases like helium and hydrogen are still drifting around 
up there. But 99 percent of Earth’s sky stuff is below the top of the Stratosphere,  
30 miles in the sky, and 80 percent of it is in the lower layer, the 10-mile-thick 
Troposphere. And as far as weather is concerned, and as far as breathing is con-
cerned, you and I are out of business at the top of the Troposphere.
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Chapter 4
Land, Sea, and 
Precipitation: Is This Any 
Way to Run a Planet?

Earth’s surface is mostly covered by water. It’s easy to think of the planet’s 
land masses as the places where all the important business is done. Being 
land creatures, of course, you and I have a certain bias in this respect. But 

when it comes to making weather, the water is where a lot of the action is.

Living in cities, it’s easy to get in the habit of thinking about the weather only as 
a series of inconveniences. Have you noticed how often airports and highways are 
the scenes of news reports about storms? Travelers often are the first to feel their 
effects. But rain and snow do more than make travel difficult or slow-going for 
you and me.

In this chapter, the role of water gets its dew, so to speak, and all forms of precip-
itation get a closer look. Here, you can find the answer to the question, “What is 
fog, exactly?” And here is a description of how the oceans and the land masses 
affect your weather.

IN THIS CHAPTER

 » Following the water cycle from the 
sea — and back

 » Sorting out the forms of precipitation 
and condensation

 » Riding air’s roller coaster across the 
landscape

 » Going with the flow of the big ocean 
currents
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Water’s Stirring Role
Precipitation, the liquid and solid water particles that fall from the sky, is part of a 
large and truly amazing cycle of water. It passes from the bottoms of the seas to 
the tops of the mountains, from the heights of the sky to the depths of the Earth. 
Changing water’s form from gas to liquid to solid, weather drives this water cycle 
that is the heart of the possibility of life.

Notice this: When scientists look for signs of life on other planets, one of the first 
things they look for is a sign of water. Sure, they’re inconvenient, all these storms. 
Hey, no planet is perfect!

The atmosphere takes up water from out of the warm, salty ocean and delivers it 
cool and fresh to the land through precipitation of storms. The chilling cold of 
winter stores it in the mountains as snow and ice. The warming spring brings 
some of it down the rivers and into the lakes. Over the following days and months 
and many years, the fresh water flows back to the salty sea. One way or another, 
all the water you drink — and everything else you drink — and all the food you  
eat depends on the storms, recent storms or storms of the distant past.  
Figure 4-1 illustrates the basics of the water cycle.

The water cycle is constantly transferring the world’s water supply between these 
basic storage reservoirs: the oceans, the land, and the atmosphere.

The salty oceans contain 97 percent of Earth’s water. This means that on any 
given day, only 3 percent of the water in the world is fresh water.

Here’s where that skimpy 3 percent of the world’s water that is fresh is to be 
found:

 » A whopping 75 percent of it is locked away in glaciers and ice sheets.

 » Most of the rest — 24 percent — is what is known as groundwater, stored as 
soil moisture, as seepage in rocks, or in underground reservoirs called 
aquifers.

 » Rivers and lakes hold only .33 percent — a third of one percent — of all 
freshwater.

 » The atmosphere contains only .035 percent of all fresh water.
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My people at the Go Figure Academy of Sciences have done the math. Amazingly, 
all the water in all the lakes and rivers, all of it down in the ground and up in the 
atmosphere — the whole shebang amounts to only about 1 percent of the water in 
the world. This 1 percent supplies all the rain and all the snow that the weather 
throws at you and me and meets all the daily needs of life.

Driven by the heat energy from the Sun, water is cycled between its three phases 
or physical states — liquid, gas, and solid — in its journey between the oceans and 
other bodies of water, the atmosphere, and the land. The cycle is a continuous 
loop, of course, although some parts of it occur in only a matter of minutes, while 
other phases of the process drag on for thousands of years.

The following sections outline the major steps in the water cycle.
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Runoff from 
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Earth’s water

FIGURE 4-1: 
The basic 

elements of the 
water cycle.
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Ocean to atmosphere
Water leaves the ocean and becomes part of the atmosphere by being transformed 
from its liquid state to its gaseous form, known as water vapor, and leaves the 
briny salt in the sea. This happens through the process of evaporation, which we 
get to later in this chapter’s section on precipitation. This change of physical form 
absorbs heat, storing away a bit of the Sun’s energy in the water vapor molecule 
as it rises up into the atmosphere (see Chapter 3). Not all the briny salt is left in 
the sea. Some of the salt breaks out into the atmosphere, where some is carried 
aloft and eventually serves as the condensation nuclei described later in this 
chapter.

Water is evaporating from liquid into water vapor everywhere across the surface 
of the oceans — and across most continents, for that matter — all the time. But it 
happens especially during the warmer times of day, and especially at the warmer 
places on Earth.

Weather scientists estimate that of all the water that enters the atmosphere as 
water vapor, 84 percent of it evaporates from the ocean, and 16 percent from the 
continents. So how much water evaporates from the ocean every year? About 92 
quadrillion gallons sounds about right. That’s 92,000,000,000,000,000.

The region that contributes most of this water vapor to the atmosphere is the 
Tropics, the warm band around the equator that receives most of the direct sun-
light. In the Tropics, huge volumes of water vapor evaporate into the atmosphere. 
Bands of giant thunderstorms take shape north and south of the Equator. These 
storms irrigate the tropical rainforests of Asia and Africa. The clouds in the Trop-
ics also form in big bands of storms over the warmest water near the Equator in 

A WORLD OF WATER
Viewed from space, the colors of Earth, the best-looking planet of the lot, are mostly 
blue and white. It is a world of oceans and clouds, for the most part, its poles capped by 
snow and ice.

Most maps of the world don’t give you a very good sense of this, but 75 percent of 
Earth’s surface is covered by oceans, lakes, streams, and ice sheets. Projections that 
focus on the Northern Hemisphere — where land masses cover 39 percent — have a 
way of abbreviating the vastness of the Pacific Ocean, a region that is hugely important 
to world weather.

If following weather systems is what you’re interested in, find yourself a map that does-
n’t cut the Pacific Ocean in half. Better yet, find yourself a globe and get the real picture.
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the Pacific and Atlantic oceans where tradewinds converge. The five-dollar word 
for this area is the Intertropical Convergence Zone (ITCZ).

Atmosphere to surface
A molecule of water vapor evaporated into the air will spend only about a week, or 
maybe ten days, in the atmosphere before it condenses and falls back to the sur-
face as one form of precipitation or another. Its life in the atmosphere may be only 
a matter of hours if it becomes part of a thundercloud that develops rain or hail. 
Or it may become part of warm light rain called virga that evaporates back into the 
atmosphere even before it reaches the surface. It may fall as rain on a sizzling hot 
parking lot and return to the atmosphere in a flash. It may fall as snow on the top 
of a giant mountain and be there 1,000 years.

A molecule of warm water vapor can rise miles into the atmosphere and travel far 
across the world. In fact, scientists say, it usually does. They have drawn a picture 
of how far a typical water vapor molecule travels from the point where it evaporated 
into the air. Going with the flow of the atmosphere’s winds, according to one study, 
it is likely to be carried 6,000 miles east or west and 600 miles north or south.

IT’S JUST A PHASE
Only the atmosphere contains all three physical states or phases of water: gas, liquid, 
and solid. As a gas, it is present as water vapor. As a liquid, it is present as tiny droplets 
in clouds and as falling rain. As a solid, it is present as ice crystals in clouds, as sleet, 
snow and hailstones.

As heat energy and pressure is added or subtracted, water changes from one form or 
another in a process called a phase change.

Water changes from one phase to another by these processes:

• Evaporation liberates water molecules from the liquid state into its gas form, known 
as water vapor.

• Condensation causes water vapor to connect to other water molecules and form a liquid.

• Freezing causes liquid water molecules to form a solid.

• Melting causes water to move from its solid to its liquid phase.

• Sublimation allows water to transform from its solid state of snow or ice directly to 
gaseous water vapor without first becoming liquid. Sublimation occurs in clouds, 
when water vapor forms ice crystals.
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So how much water vapor is up there? By some estimates, the atmosphere at any 
given time is holding up 25 million billion pounds of water. If it all condensed and 
fell at once, the Earth would be covered by an inch of water. A lot of cycling is 
going on. In a year, the atmosphere produces an amount of precipitation around 
the world that is more than 30 times its total capacity to hold water.

The sections in this chapter about precipitation and condensation describe the 
variety of ways that the atmosphere has of delivering this water vapor back to the 
surface and what it takes to make it happen.

Surface to ocean
For much of the water vapor in the atmosphere, the journey back to the ocean is 
very direct. Most precipitation falls as rain, and most rain falls on the oceans. 
Weather scientists estimate that 77 percent of the world’s precipitation falls in the 
ocean. It stands to reason when you think about it: Oceans cover 71 percent of the 
planet’s surface, contain 97 percent of the water, and contribute, through evapo-
ration, 84 percent of the water vapor to the atmosphere. And all those storms in 
the Tropics produce an awful lot of rainfall. If you look on a map at the  
Tropics  — that region 23.5 degrees north and 23.5 degrees south of the  
Equator — you’ll see that most of it is ocean.

SETTING THE WATER TABLE
The water table is the boundary between the layer of soil that has both air and water in 
its gaps and the layer that is saturated with water. Add water to the ground, and the 
water table will rise.

If you’re digging a well, the water table is the level underground that you want to get 
below — and stay below — so that your well has water in it all year long.

Because it absorbs water, the layer above the water table plays an important role dur-
ing times of heavy rains or spring runoff. When this layer becomes saturated, or if it is 
frozen, an area becomes especially likely to flood because the new water has nowhere 
to go but to flow over the surface.
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For all your living needs, you depend on the other part — on the other 23 percent 
of the world’s precipitation that doesn’t fall immediately back into the ocean. Your 
life and my life depend on the water vapor that condenses into precipitation and 
falls on land, and on the time in the water cycle that it spends as fresh water 
before returning to the sea. In an average year, the weather delivers 30 inches of 
water that falls unevenly across the United States. From this 30-inch layer, just 
under 18 inches returns to the atmosphere by evaporation. About one-half inch 
seeps into the ground. And the remaining amount, not quite 12 inches, is the sur-
face water that is flowing downhill in streams and rivers and stops for a while in 
lakes before returning to the nearest ocean.

Rain to Rime: Forms of Precipitation
Moist air cools as it rises, and when it reaches a certain point the water vapor in it 
condenses into water droplets. Warm air can hold more water vapor than cool air, 
so anytime water is cooled it is moving toward saturation. This point of saturation 
is called the dewpoint. As air continues rising and cooling, eventually it reaches 
saturation. The droplets that the water vapor forms are not raindrops, but much 
smaller — typically about one-thousandth of an inch across. These droplets are 
the stuff of clouds and fog. It takes about a million microscopic droplets to form 
an average raindrop. And something else has to be up there in that cloud for pre-
cipitation to form.

Weather scientists still do not understand all the circumstances necessary for 
clouds to begin dropping rain. Still there are mysteries in the clouds. But they 
know that the droplets of water vapor need a place to meet in order to form rain-
drops or ice crystals in the clouds. They need the surface of microscopic particles 
of dust or other material called aerosols. (Chapter 3 describes these aerosols.) If the 
cloud is cold enough, ice crystals will condense around these minute particles — 
called condensation nuclei — and the crystals will join together to form snowflakes. 
In a relatively warm cloud, the droplets condense around a particle and will grow 
larger by bumping into one another until raindrops are formed. (The formation 
and characteristics of the different kinds of clouds are detailed in Chapter 6.)

Rain and snow account for all the big, important amounts of water that falls  
from the clouds around the world, but the atmosphere deposits precipitation in a 
variety of liquid and frozen forms.
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Rain
By far the most common form of precipitation, rain is a drop of liquid water that 
has become too heavy to remain in its cloud. In many parts of the world, rain is 
really the only form of precipitation. (Chapter 10 goes into more detail about rain 
and rainstorms.)

More often than not, the rain that falls on your face is melted ice. This may not be 
true in the Tropics, however, where the rain is water that has remained in its liq-
uid state from the top to the bottom of the cloud.

Even in summer, the storms of the middle latitudes, where you and I live, often 
produce rain that began as an ice crystal and then formed into a snowflake that 
melted and collapsed into a raindrop as it fell through warmer layers of air.

GETTING THE DEWPOINT
Moisture in the air is described two ways. One is relative humidity and the other is 
dewpoint.

Relative humidity is the amount of water vapor in the air relative to its saturation point. 
At 50 percent humidity, air is half saturated. It sounds simple enough, but it has this one 
flaw as a handy-dandy comfort indicator: The saturation point changes with tempera-
ture, because more water vapor can exist in warm air than in cold air. Up goes the air’s 
temperature, down goes its relative humidity, even though it contains the same amount 
of water vapor.

As a comfort indicator, dewpoint has a clear advantage over relative humidity, although 
it takes a little getting used to because it’s expressed as a temperature. It doesn’t tell you 
directly about water vapor in the air, but it tells you more directly what you want to 
know. Dewpoint tells you the temperature of the air at saturation. The advantage is that 
dewpoint just as accurately reflects the water vapor in the air, but it doesn’t change with 
temperature.

When the dewpoint temperature is high, the moisture content of the air is high, but this 
indicator won’t be moving all day like relative humidity — not with this air, anyway.

The key is the distance between the air’s temperature and its dewpoint temperature. If 
the distance is big, the air is dry, and chances are it won’t come near saturation and con-
densation will not occur. If the distance is small, the moisture content of the air is high, 
and you could be in for an uncomfortable day and night.

As a rule, dewpoints in the mid-50s make comfortable summer afternoons, but every-
body’s comfort zone is different.
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Raindrops range in size from about two-hundredths (0.02) of an inch to roughly 
a quarter of an inch, at which point they begin breaking up into smaller drops.  
A typical raindrop is about a 16th of an inch. That fine drifty stuff that falls from 
the sky in drops of less than .02 of an inch is called drizzle.

Is a raindrop shaped like a teardrop? No, at no time is a raindrop shaped like a 
teardrop. (Come to think of it, what is a tear?) If it is a relatively small drop, it is 
round as it falls. A larger drop shows the effects of air resistance building under-
neath it. Its bottom flattens out like a hamburger bun and its sides bulge as it falls.

GETTING FULL MEASURE
If scientific research is your field, you know all about the systems of weights and mea-
sures used by most scientists around the globe. All the data going into and coming out 
of computer models of the atmosphere are expressed in units of the metric system. 
Most places, for example, measure their snowfall in millimeters and centimeters rather 
than inches. For the rest of us, a little cheat sheet comes in handy.

Inches (in) Millimeters (mm) Centimeters (cm)

1
10 in 2.540000 mm 0.2540 cm

¼ in 6.35 mm 0.635 cm

½ in 12.7 mm 1.27 cm

1 in 25.4 mm 2.54 cm

10 in 254.0 mm 25.40 cm

20 in 508.0 mm 50.80 cm

30 in 762.0 mm 76.20 cm

40 in 1016.0 mm 101.60 cm

50 in 1270.0 mm 127.00 cm

60 in 1524.0 mm 152.40 cm

70 in 1778.0 mm 177.80 cm

80 in 2032.0 mm 203.20 cm

90 in 2286.0 mm 228.60 cm

100 in 2540.0 mm 254.00 cm
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Freezing rain is supercooled raindrops that freeze on impact with cold surfaces. 
Storms that produce freezing rain, called ice storms, are some of the most danger-
ous and damaging of all winter weather events. The weight of the accumulating 
ice crushes trees and snaps electrical power lines. Layered by nearly invisible ice, 
roadways become extremely hazardous. Whole herds of livestock and flocks of 
birds can be wiped out. (Chapter 8 describes ice storms and freezing rain in more 
detail.)

An advancing warm front can lead to ice storm conditions as rain produced by the 
elevated warm air mass falls through colder air near the surface. (Chapter  3 
describes warm fronts.)

Snow
Snowflakes are collections of ice crystals that assemble themselves as they fall 
through a cloud. Much precipitation forms first as ice crystals and then snow-
flakes in the winter storm clouds of the middle latitudes, although often it melts 
into raindrops as it falls into layers of warmer air.

Snowflakes come in different shapes and sizes and moisture contents. As every 
skier knows, there are big, soggy snowflakes that sometimes melt into clumps as 
they fall quickly through warm air, and there are small, light, and billowy flakes 
that form great dry powder. If it’s skiing you’re up for, hope for the dry powder. 
If it’s water you’re interested in, it’s the wet snow you want. About 10 inches of 
average snow melts down to 1 inch of water, and 20 inches of dry snow — and 
occasionally as much as 50 inches — to give an inch of water. (There’s more about 
snow and snowstorms in Chapter 8.)

TOO COLD TO SNOW?
Everybody who spends a winter in places where the snow falls has heard the expres-
sion “It’s too cold to snow.” The thinking is that snow falls within a certain range of tem-
peratures, and when the air gets colder than that, when it gets real cold, it’s too cold to 
snow.

My people at the Go Figure Academy of Sciences have looked into this, and lo and 
behold — no. It is never too cold to snow. Cold air does not contain as much water 
vapor as warm air, it is true, but even very cold air contains enough to make snow, even 
if it’s very light.

It happens, of course, that the coldest days of winter often are days when there are no 
clouds in the sky. It is certainly true on these days: It’s too clear to snow.
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Hail
Hail is a large frozen raindrop, which is formed inside the enormous cloud of an 
intense thunderstorm. The cloud contains a powerful updraft that keeps the fro-
zen raindrop from falling. Supercooled droplets freeze onto the ice, forming fro-
zen layers. Eventually, the hailstone is too heavy for the updraft to support any 
longer and it falls to the ground.

Hailstones range in size from two-tenths (0.20) of an inch, to really big ones that 
can grow to the size of a softball or even larger.

Have you ever noticed how sometimes hailstones have that wet glazed look of 
melting ice? They have just fallen through the warm, rainy bottom of the giant 
thundercloud before bouncing onto the ground. The bouncing is a telltale sign of 
hail. (Chapter 9 describes hail and thunderstorms in more detail.)

Graupel (snow pellets)
Sometimes ice crystals fall through a cloud of supercooled droplets  — minute 
cloud droplets that have fallen below freezing temperature but have not frozen. 
The ice crystal plows into the supercooled droplets, and they immediately freeze 
to it. This process forms graupel, or snow pellets, as the droplets continue to accu-
mulate on the crystal. The pellets bounce when they hit the ground.

Sleet (ice pellet)
Out ahead of the passage of a warm front, falling snow may partially melt and 
then refreeze as a frozen raindrop before it reaches the ground. These ice pellets, 
easily visible white stuff that bounces off the ground under these conditions, are 
called sleet.

Sleet forms under conditions that are similar to those that produce freezing rain. 
The difference is that the lower layer of cold air is deeper so that the partially 
melted snowflake or cold raindrop has time to freeze into an ice pellet before 
reaching the ground. Sleet can accumulate massive layers of ice, but its effect is 
different than the ice layers formed by freezing rain. The pellets do not accumu-
late on trees and power lines like freezing rain, and because it is formed by pellets, 
the ice layers of sleet are less slippery. But watch your step.

Because it is easily seen and does not accumulate layers of ice, the impacts of sleet 
are less dangerous than freezing rain.
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Rime
Rime is a milky white accumulation of supercooled cloud or fog droplets that 
freeze when they strike an object with a temperature that is below freezing. The 
process is called riming when supercooled cloud droplets attach to ice crystals in 
the formation of snow pellets or graupel. (See the section earlier in this chapter 
for more on graupel.)

When the supercooled fog or cloud droplets accumulate on the ground on trees or 
telephone poles or the sides of buildings, the bright white stuff is called rime ice 
or rime. This form of ice is white rather than transparent because the droplets 
have trapped air between them as they froze.

Rime ice can pose a hazard to an airliner when it forms on a wing as an aircraft 
flies through a cloud of supercooled droplets. The droplets freeze immediately 
onto the wing and can form an irregular surface, redistributing the flow of air. But 
rime is relatively lightweight ice and easily removed by de-icers.

Dew to Fog: Forms of Condensation
Most water vapor in the atmosphere at any given moment is not in the business 
of meeting in those large conventions of minute water droplets or ice crystals that 
you and I see as clouds. So you don’t see most water vapor. Its molecules just hang 
out there in the air like the invisible molecules of the atmosphere’s other gases. 
For air to produce something you can see, it has to become saturated with water 
vapor — it has to reach its dewpoint. All things being equal, warm air can carry 
more water vapor than cold air.

For water vapor to become visible, it requires a process known as condensation —  
its conversion from a gas into a liquid — or deposition — its conversion from a gas 
directly into solid ice. (These processes are outlined in detail in Chapter 6 as they 
lead to the formation of clouds.) But condensation and deposition also happen 
closer to home.

Forms of condensation that show up on the ground play only bit parts in the 
global water cycle. They are quiet and minor players in the atmosphere’s stormy 
pageant of weather. But you and I know their work intimately, and they are not to 
be trifled with. Often they come in the night, and occasionally they catch travelers 
unaware of the special dangers they pose.
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Dew
During the night, most often on a clear and calm night, when objects on the 
ground radiate away the Sun’s daytime warmth, they can become colder than the 
shallow layer of air surrounding them. If the ground surface cools to the point 
where the air just above it is saturated — reaching the temperature known as its 
dewpoint  — water vapor begins to condense on blades of grass and what- 
have-you. This condensation is dew.

Dew can form beads that drip from the leaves of plants and trees or can form a 
continuous coating of liquid water on surfaces.

Dew can be an important source of water to plants during dry periods, yielding as 
much as 2 inches of water in some areas over the year.

Frozen dew
Should temperatures of the surface continue to fall below the freezing point, the 
condensed beads of water become beads of ice, or the layer of water becomes a 
sheet of ice. Frozen dew can pose a real inconvenience as well as a serious driving 
hazard to motorists.

Sometimes it’s frozen dew that forms a layer of ice that sticks so stubbornly to the 
windshield of a car left out overnight. Frozen dew can make it difficult to work the 
lock on the car door and it can freeze the door to the frame. Worse still, frozen dew 
can form black ice, a particularly dangerous patch of frozen roadway because it is 
so difficult to see. Bridges, which sometimes are colder than the rest of the road-
way, can be especially dangerous in conditions that produce frozen dew.

Frost
On a cold, clear, and calm night, the same surface-cooling that would produce 
dew will instead produce frost if the dewpoint temperature  — frostpoint  
temperature — of the air just above it is at or below freezing. When frost forms, 
the water vapor in the air is converted directly from a gas to solid crystals of ice.

Unlike the beads of frozen dew, frost forms delicate white crystals of ice in treelike 
branching patterns that decorate the windowpanes of winter. Sometimes frost is 
called white frost or hoarfrost.



72      PART 1  What’s Going On Up There?

Fog: A grounded cloud
Fog is a cloud that’s grounded, but it doesn’t take shape like a cloud. While clouds 
form by air rising and cooling to its dewpoint, most forms of fog are not the result 
of rising air. Fog forms near the cold ground that cools the air above it to its dew-
point, much like frost and dew forms. Clear nights favor the formation of fog 
because the air near the ground gets colder than it does when there are clouds in 
the sky.

As the air temperature nears its dewpoint, the formation of minute cloud droplets 
begins as a gradual process, first giving the air a hazy look and then becoming 
more dense.

For good reasons, dense fog is notorious for its treachery on roadways as well as 
its ability to close airports. Because fog forms, like other water droplets in clouds, 
around tiny particles in the air, the dirtier air of cities makes thicker fogs. Polluted 
air also can produce unhealthy acid fog, which Chapter 14 describes. Even when it 
is not particularly polluted, a long siege of thick fog can make for a miserable feel-
ing of claustrophobia.

Fog aficionados use terms like burning off and settling in and lifting to describe its 
comings and goings. Fog burns off or dissipates when the Sun warms the ground, 
forcing temperature of the nearby air above its dewpoint and evaporation quickly 
sets in. Sometimes a fog layer is too thick to burn off. Even modest warming of the 
ground can cause enough daytime radiation to lift fog off the ground. It may hover 
overhead as a low stratus cloud and then descend again overnight as the radiating 
ground cools.

Fog comes in a variety of flavors.

 » Radiation fog or ground fog forms upward from the ground when air chilled by 
the cooling ground underneath becomes saturated with water vapor — 
reaches its dewpoint. Ideal conditions for this fog are a calm night when a 
shallow layer of moist air is covered by drier air. Because the cold air is heavy 
and collects in the lowest ground, this is often called valley fog.

 » Advection fog is a fancy name for fog that forms in one place and is blown by 
winds (or advected) to another. This fog is common to coastal regions, for 
example, when sea breezes bring relatively warm and moist ocean air over a 
strip of much colder water along the coast. Fog forms as the cooling air 
reaches saturation and often the breezes push it inland. This is the stuff that 
allegedly inspired Mark Twain to say, “The coldest winter I ever spent was a 
summer in San Francisco!” In the eastern United States, advection fog forms 
most often when warm moist air is blown over a snowpack. In the southern 
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and central United States, advection fog forms during winter over land when 
warm, moist air from the Gulf of Mexico is blown in over the cold ground.

 » Upslope fog forms when moist air is pushed up the slope of a hill or mountain 
and cools as it rises sufficiently to reach its point of saturation.

 » Steam fog or evaporation-mixing fog are terms used to describe fog that forms 
over warm bodies of water, most often in the fall. Steam fog forms over a 
heated swimming pool. Also, this is the stuff your breath makes when the 
warm, moist air from your lungs hits the cold, dry air of the winter morning. 
It’s the addition of the water vapor that quickly saturates the cold air. You’re 
forming a tiny cloud in front of your face with every breath you take.

Weather and the Land
The atmosphere is very impressionable. What would you expect of something that 
spends all day blowing from one place to another? The air that makes the weather 
picks up the slightest changes in temperature and moisture it encounters. It is 
influenced by the shape and even by the texture of the surface it flows over. 
Whether it is flowing over water or land, for example, makes a big difference.

A lopsided planet
Weather has a lot to do with the atmosphere contending with forces that are 
unevenly distributed around the world. The planet does a masterful job of creating 
these conditions. As Chapter 3 points out, its midsection gets much more of the 
Sun’s energy than anywhere else, for example, and its tilt makes for strikingly 
different seasons in the year.

Earth has another interesting irregularity. The continents are not evenly distrib-
uted over the globe — not by a longshot. The land masses are disproportionately 
located in the Northern Hemisphere, north of the Equator.

Take a look at Figure 4-2, the world from directly over the North Pole. Land covers 
39 percent of its area from here, and the ocean accounts for 61 percent. Now check 
out the flip side, from directly above the South Pole. This half is 19 percent land 
and 81 percent water. Differences like these make for a lot of lifting and hauling of 
energy around the world — and a lot of weather.
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Radiating hot and cold
O, give me land, lots of land, and I’ll give you lots of weather. This is where the big 
contrasts in temperatures abound. And sharply contrasting temperatures help 
make a lot of weather.

Land quickly heats up during the day and quickly cools off at night, changing the 
weather above it almost hourly under certain conditions. In the longer term, des-
erts and snowfields send very different signals to the air flowing over them.

Air’s roller-coaster ride
The shape of the landscape is a powerful maker of clouds and storms. Winds force 
the air up one side of a hill or mountain and down the other side. On the way up, 
its temperature cools and its volume expands, and clouds and storms often result. 
And on the way back down, the air warms and contracts, and the clouds 
evaporate.

This process produces precipitation many places where hills and mountains force 
moist air into higher altitudes. All along the western mountains of North America 
and South America, from Alaska to Patagonia, the prevailing winds push moist 
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marine air into higher ground and wring out its water vapor. The Rockies, the 
Sierra Nevada, and the Cascades are good examples of mountain ranges that pro-
duce these orographic clouds and storms. Figure 4-3 illustrates how these work. In 
western Washington, there are places on the western side of the Cascade moun-
tains where precipitation totals average as much as 180 inches per year. In eastern 
Washington, in the “rain shadow” on the eastern side of the mountains, precipi-
tation averages less than 10 inches per year.

Weather and the Ocean
Without the oceans, the weather would be just a lot of hot air. Well, that’s an 
exaggeration, but you get the idea. Land surfaces make good storms, but most of 
the rain and snow that falls is water vapor that has evaporated from the ocean. As 
this chapter’s section on the water cycle points out, that’s where almost all that 
water has come from, and that’s where it’s going.

Up and down the U.S. West Coast, virtually all the storms of winter are dumping 
Pacific Ocean water vapor. Even in the nation’s midsection, the water vapor that 
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becomes most rainfall is an import. In the Mississippi River basin, according to 
one study, as little as 24 percent of precipitation comes from local evaporation.

In coastal areas, the boundary between the ocean and the land makes interesting 
local weather conditions. Sharp contrasts between slowly changing sea surface 
temperatures and rapidly changing land temperatures can sometimes cause dra-
matic shifts in winds and temperatures during the day.

On a bigger scale, sea surface temperatures in the tropical Pacific cause major 
shifts in the jet stream and steer storms over North America. Weather scientists 
are still figuring out how big a role Pacific Ocean conditions play in determining 
global weather patterns that make one winter different from another. (Chapter 12 
describes El Niño and similar ocean conditions that affect weather around the 
world.)

Warm ocean currents such as the Gulf Stream carry warm air that gives the U.S. 
southeastern coast a much more tropical feel that it otherwise would have. The 
same current continues across the North Atlantic and bathes Europe in a warmer 
climate than its high latitudes would suggest. In contrast, on the U.S. West Coast, 
the California Current carries cooler water and cooler air temperatures southward. 
Figure 4-4 is a good look at some of the major weather-altering ocean currents 
around the world.
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IN THIS PART . . .

Explore the reasons for the winds and get details on 
monsoons, the Santa Anas, and Chinooks as well as 
tradewinds and westerlies.

Discover how a cloud is formed and find out the names 
of the different types of clouds and how to tell them 
apart.

Learn how the different cloud types can help you 
forecast changes in the weather.

Take a look at hurricanes from the inside out — where 
do they come from? How well can weather forecasters 
predict when and where one will make landfall? How 
often do hurricanes hit the world’s coastlines?
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Chapter 5
Blowing in the Winds

One of the most powerful forces of nature is something you can easily sense 
but can’t really see. You can see signs of it, of course, and its effects are 
very well known. You can feel it on your face as a stab of cold or a gust of 

cooling relief. On television and in weather apps every day, you can see satellite 
images that show swirling circulations of clouds that it carries across the face of 
the globe like a giant invisible hand. Outside your window, you can see the leaves 
it stirs and the dust it kicks up. You can hear it flapping a flag or banging shut an 
open door. This force of flowing air can be delicate enough to give a butterfly flight 
and on the same day be so brutal it disintegrates a house and everything in it. It is 
much feared and for very good reason, because people die violently in the commo-
tion it creates. So what goes on up there? Why all of this wind?

Like most everything else in weather, the wind is tied ultimately to the heat energy 
from the Sun, and the directions it takes are shaped by the rotation of the planet. 
This chapter explores the reasons for the winds. It describes the tradewinds and 
westerlies, patterns of the atmosphere that the world’s sailors have relied on for 
centuries. It discusses the high-flying jet streams that influence the storms that 
cross the face of the planet. And it identifies the seasonal regional winds such as 
the monsoons, the Santa Anas, and Chinooks.

IN THIS CHAPTER

 » Flowing with the highs to the lows

 » Flying the jet streams

 » Sailing the tradewinds

 » Breezing through monsoons, 
Chinooks, and Haboobs
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Taking the Pressure
Wind begins with air pressure, a characteristic of the atmosphere that sounds like 
so much gobbledygook to a lot of people who are simply trying to decide what 
clothes to wear the next day. But air pressure is fundamental to the workings of 
winds. Air pressure goes up and down in response to the shifts in the weight of the 
atmosphere. These shifts are the driving forces of winds. The air is incredibly 
sensitive to these movements — these shifts in pressure differences — and is con-
stantly rushing around trying to even them out.

PAINS AND POPPING EARS
Some people are so sensitive to air pressure changes that they can feel the subtle differ-
ences between high pressure and low pressure across the surface of the landscape. 
They swear they can feel in their bones when a storm is coming. Whether they really 
can or not, consider this advice: Don’t argue with somebody in pain.

Conditions such as arthritis or the lingering effects of an old injury are likely causes for 
such sensitivities. Possibly, tiny pockets of air in their joints bring pressure on their 
nerve endings when small changes in surface air pressure arrive.

For most people, thankfully, it takes the more dramatic changes in vertical air pressure 
to feel the discomfort of its effects. Changing pressure is what makes your ears “pop” 
after takeoffs or landings in an airplane or a drive up or down a mountain or even in a 
fast-moving elevator in a tall building. There’s a tube that runs from your middle ear to 
the top of your throat, and the pop you hear is the air suddenly passing through it, bal-
ancing the pressure in there.

The cabins of airliners are pressurized to about 75 percent of normal sea level air pres-
sure. This level of pressure keeps everybody comfortable cruising up there above 
18,000 feet where air pressure outside is less than half of normal and the supply of oxy-
gen is so small you would get dopey pretty fast.

Visitors to high mountains, above 8,000 feet elevation, can encounter a condition known 
as acute mountain sickness if they stay more than a day or so and don’t take precautions. 
The body is working especially hard up in the thin air and needs special care.
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Forecasters talk about air pressure from time to time, but it’s the part of the 
weather news that a lot of people are likely to sort of tune out. You know, it’s the 
yadayadayada. Hey, nobody plans their day around air pressure, right? You don’t 
need an umbrella or a big hat to protect against it. Anyway, what’s with all of 
these ridges and troughs? Why all of these depressions? And exactly where is this 
place aloft? In this part of the forecast, meteorologists explain why they predicted 
the stuff you really want to know. And this is when they are likely to give them-
selves a little wiggle room, by the way, while you’re not listening. They’re cover-
ing, well, you know, their bases.

Hey, listen up. If it’s weather you want, you’re going to have to get some air mov-
ing. If you want to move air, or anything else, for that matter, you’re going to have 
to exert some force — some pressure.

Differences in pressure is one of the things that causes air to move up and down. 
As Chapter 6 describes in more detail, when air moves from one place to another 
across the countryside, other air has to move out of the way. When air is circulat-
ing inward from all directions toward lower pressure, it forces other air to rise in 
the sky. When air is moving up, often you’ve got cloudiness and storms to contend 
with. Air circulating outward from high pressure has the opposite effect of pulling 
air toward the surface. When air is moving down, often skies are clear.

And differences in pressure make air move sideways. Winds in the upper atmos-
phere make the air masses march into one another. At the surface, it makes what 
blows in your face.

Think of the atmosphere as a thin blanket of gas that is held to Earth, like every-
thing else, by gravity. The mass of the planet pulls at the mass of the gas mole-
cules in the air, the same way it pulls at the molecules in an apple falling from a 
tree. This clinging blanket of air is never quite evenly laid out or entirely at rest. 
(What’s going on under there?) The atmosphere’s weight is constantly shifting. 
It’s always being heated by energy from the Sun in some places and cooled in oth-
ers. And the force exerted by Earth’s rotation is always twisting things, making 
wrinkles.

A World of Wind and Pressure
A pattern of general circulation of the atmosphere (technically called the General 
Circulation of the Atmosphere) helps describe the fairly constant presence of the big 
winds and pressure systems around the world. This pattern accounts for the big 
belts of prevailing winds that seem always to be blowing. These are the westward 
flowing tradewinds near the Equator, the eastward flowing westerlies of the middle 
latitudes, and the easterlies of the polar regions.
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Like most things in weather, the general circulation pattern of the global winds is 
driven by energy from the Sun. They are part of the constant motions of the 
atmosphere as it seeks to balance the heat in the air along the Equator with the 
cold in the air at the poles. Figure 5-1 is a diagram that weather scientists use to 
explain the worldwide pressure patterns and the wind systems they create.

Its most dominant feature is the warm air rising high into the atmosphere above 
the Tropics. This air circulates toward the poles in a cell that sinks in a band of 
high pressure at between 20 degrees and 30 degrees north and south. In the 
Northern Hemisphere, this sinking air keeps storms away and helps explain the 
desert climates of northern Africa and the southwestern United States.

Air spreading from this subtropical high pressure partly returns toward the Equa-
tor. This return flow near the surface fuels the tradewinds. These persistent sur-
face winds are circulating clockwise around high pressure in the Northern 
Hemisphere and counterclockwise around high pressure in the Southern 
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Hemisphere. This arrangement causes big east-to-west flows in regions north 
and south of the Equator.

Air descending from this big high-pressure belt also circulates farther toward the 
poles, away from the subtropics. This flow fuels the westerlies, which drive 
weather systems from west to east across the heavily populated regions in the 
middle latitudes of the Northern Hemisphere.

Much of this region lies in what is known as the Subpolar Low. In this band, areas 
of warm air moving north from the subtropical high pressure and cold air moving 
south from high pressure near the poles come together and often do battle.

Weather scientists are quick to point out that the real circulation patterns of the 
atmosphere are a lot more complicated than this scheme. The pattern in Northern 
Hemisphere is especially complicated by other forces responding to the  
distribution of ocean areas and land masses. Still, the general circulation of the 
atmosphere explains a lot. For example, it helps explain the presence of some big 
persistent high-pressure systems in the Atlantic and Pacific oceans that shape a 
lot of summer weather in the United States. And it helps explain the big low- 
pressure systems that linger through the winter off the western and eastern coasts 
of Canada that shape so much of that season’s weather across the United States 
and Canada.

That muggy Bermuda High
Do you know why the eastern two-thirds of the United States has summers that 
are so often humid? The general circulation of the atmosphere helps explain it. At 
about 30 degrees north latitude, in that band of sinking air formed by the cell of 
circulation from the Equator, a high-pressure system squats out in the North 
Atlantic Ocean.

As it does around all high-pressure areas in the Northern Hemisphere, air circu-
lates clockwise around this high-pressure system, known as the North Atlantic 
High or the Bermuda High. As Figure 5-2 shows you, the winds circling south and 
west of this high pressure carry into the eastern United States a persistent flow of 
muggy, subtropical moisture. Chapter 2 explains why humidity makes high tem-
peratures more uncomfortable. The moisture flowing up from the Gulf of Mexico 
fuels rain and thunderstorms all summer long. Details of these storms are in 
Chapter 10.

This same circulation of winds around the Bermuda High also helps drive the big 
clockwise circulation of ocean current known as the Gulf Stream. This pathway of 
wind and ocean current brings warm subtropical water up along the eastern sea-
board. As Chapter 7 describes, this current of warm water invites tropical storms 
and hurricanes to stray up into the middle latitudes.



84      PART 2  Braving the Elements

That cool Pacific High
The general circulation of the atmosphere helps account for the fact that even 
though summer temperatures often are hot in the western United States, the 
humidity usually is much lower and the summers are drier than in the East.

At about the same latitude as the Bermuda High in the north Atlantic, the north 
Pacific Ocean develops another large summertime pattern of high pressure. This 
is known as the Pacific High, or the Hawaiian High. Out West, the same circulation 
pattern has the opposite effect on humidity and summer rainfall as the Bermuda 
High has in the eastern United States.

Winds circulating clockwise around the eastern side of the Pacific High carry cool 
and relatively dry air down from the more northern latitudes. This circulation 
helps drive a big current in the Pacific Ocean around in the same pattern. The 
combination of cold southward flowing water, known as the California Current, 
and the air moving above it bathes the west in cooler and drier summertime air. 
Check out Figure 5-3 for a picture of this pattern.

The winter lows
As the warmth of sunshine migrates south in the autumn, the high-pressure  
systems in the northern oceans shrink and also head south. As they do, two 
low-pressure systems slide down out of the far north and expand. Off the west 
coast of Canada, the big Aleutian Low will help generate many storms out of the 
north Pacific and sling them over the United States. Off the east coast of Canada, 
a low-pressure area known as the Icelandic Low seems to be the attraction for 
many northeasterly storm tracks crossing the eastern United States.

Chicago Boston

Atlanta

CUBA

MEXICO

MiamiGulf of
Mexico

Atlantic Ocean

High
pressureHumid air

Humid air

Washington,
D.C.

YorkNew
St. Louis

Dallas New
Orleans

FIGURE 5-2: 
Summer winds 

circulating 
around the 

Bermuda High.



CHAPTER 5  Blowing in the Winds      85

Bending the Winds
Three forces or motions make the winds blow horizontally, or sideways, the way 
they do. One gives the winds their power. Another slows them down near the 
ground. And another controls their direction in the upper atmosphere — aloft.

 » First and foremost is air pressure, or more accurately, the difference between 
pressure one place and pressure another. Air moves outward from high and 
inward toward low pressure, and the bigger the difference between the two, 
the stronger the wind blows.

 » The second force that shapes the wind is friction. It may not seem like it, but 
flowing air feels the effects of friction as it flows across a surface. You and  
I can’t see it, but air acts somewhat like water flowing over a rocky river 
bottom. It gets slowed down and pushed around by everything it runs into.

 » Third is the effect of Earth’s rotation, which causes winds to bend, or  
change direction from the paths they would follow under the influence  
only of pressure or friction. This effect, known as the Coriolis effect, steers 
winds to the right in the Northern Hemisphere and the left in the Southern 
Hemisphere and causes most storms in the mid-latitudes to travel from  
west to east.
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Taking the pressure — it’s a gas
Pressure is simply the air’s weight. But because it is a gas, air’s weight has dimen-
sions that you don’t encounter when you place your delicate little body on the 
scales. One big difference is that pressure is the effect of the weight of a fluid — a  
gas or a liquid — being exerted in all directions. It is air’s weight from the top of 
the sky down as well as from the bottom up.

Try this at home: Hold your arm straight out from your side and feel the weight of 
it out there. All you feel is the weight of your arm. Luckily, you don’t feel the 
weight of all the air overhead that is bearing down on the top of your arm. If you 
did, if you felt air’s weight of 14.7 pounds per square inch only on top, you  
wouldn’t be able to hold up your arm. This is the weight of one-inch by one-inch 
column of water 33 feet high. Instead of feeling this weight on your arm, at the 
same time the same weight (or pressure) is bearing down on you, it also is push-
ing up from underneath your arm.

MEASURING PRESSURE: BAROMETERS
When somebody uses the term barometric pressure, they are referring to the  
air-pressure readings on the face of one of two types of barometers.

The mercury barometer, invented more than three centuries ago, is not so convenient, 
although it still is the more accurate of the two. This long glass tube is sealed at one end 
and filled with mercury, forming a vacuum so no air can enter the tube. The other end 
of the tube is submerged in a small open pool of mercury, and inside the tube the heavy 
liquid settles down the tube at a level that depends on the outside air pressure. On 
average, at sea level, pressure causes the mercury to settle 29.92 inches up the tube.

A more portable and common barometer that does not use liquid is called an aneroid 
barometer. This instrument measures air pressure on a dial like a clock face marked off 
in inches and other units that correspond to the level of mercury in the tube. The 
pointer on the dial is attached to a flexible vacuum chamber that moves up and down 
with pressure changes.

Some barometers have Fair or Stormy or Changeable designations at different air- 
pressure readings around their dial, but these benchmarks are not as helpful as you 
might think. The most useful information is not the momentary air-pressure reading, 
but its direction of change. Falling pressure often indicates stormy weather is here or on 
the way, and rising pressure often means fair weather or clearing skies.
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At a particular place on the surface, pressure is a measure of how many molecules 
are in a column of air directly overhead. The air pressure changes from the bottom 
to the top. The force is greatest at the bottom because all the molecules are over-
head. The higher up the column, the less the air pressure, because fewer air mol-
ecules are always overhead. At about 18,000 feet, about 3 and a half miles up, 
about half of the atmosphere’s molecules are overhead and half are below you. So 
the air pressure is about half what it is at the surface.

Feeling the downward force of all of that atmosphere overhead, air molecules 
congregate more closely to one another, near the ground than up in the sky.

In other words, the air is more dense near the ground. Vertically, or up and down, 
the differences in air pressure are huge compared to the differences horizontally, 
or sideways. In fact, the bulk of the air is so concentrated near the ground that a 
trip up an elevator in a skyscraper carries a passenger through greater differences 
in air pressure than would be measured across 1,000 miles of the surface. Between 
those big Hs and Ls on a weather map, the actual difference in air pressure may be 
only about 5 percent, and yet it is enough to move air masses and make winds 
blow hundreds of miles. Figure 5-4 illustrates how quickly air pressure changes 
with height.
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Here’s the rub — total friction
If you and I could see air blowing over the land, it would look a lot like the behav-
ior of water in a river. The motions of gases and liquids are a lot alike because they 
are both fluids. They both flow. In fact, my people at the Go Figure Academy of 
Sciences tell me that a lot of the important ideas about the behavior of flowing air 
were first tried out in rotating dishpans of water.

When a parcel of air bumps into something while it is flowing, it slows down and 
finds a way around the obstacle before it continues on its way. And the air right 
behind that parcel gets slowed up and diverted from its preferred path. And like-
wise, the air parcel behind that gets diverted, and so on up the line as each parcel 
of blowing air encounters the turbulent effects of the obstacle. Figure 5-5 illus-
trates these effects on different layers of air.

All this commotion is caused by friction, and it has the effect of slowing down air 
in the same way that hitting your brakes slows down your car. The brakes depend 
on friction, and so does the tread on your tires. It’s just that you can’t see air’s 
skid marks. The effects of friction on air extend about two-thirds of a mile up into 
the atmosphere. Weather scientists refer to this as the planetary boundary layer or 
the friction layer, and the behavior of winds at this level are especially important to 
forecasters predicting weather for specific localities.

MEASURING WINDS
Weather forecasters don’t get very far without knowing the direction and speed of 
winds. Some of science’s oldest instruments — and some of its newest — are  
measuring these features of the atmosphere.

Wind vanes of all shapes and sizes have been pointing out its direction since ancient 
times. Anemometers that measure wind speed as it spins cups or propeller blades have 
been used for many years. These days, more accurate and durable ultrasonic wind  
sensors employ digital, solid-sate technology that detects the strength and direction of 
winds as they affect the travel times of soundwaves between different sides of the 
device.

Twice a day at the same time around the world, hundreds of weather balloons carrying 
instrument packages are set free to help gather some of the most important data for 
weather forecasting. They measure temperature, moisture, and the directions and 
speeds of winds at different levels in the atmosphere.

New Doppler radar devices called wind profilers have been designed to give weather 
 scientists a vertical picture of the winds from the ground to an altitude of about  
10 miles. Aboard new satellites, laser beams are being used to measure winds.
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Air above this friction layer is called the free atmosphere, the air aloft, or the upper 
atmosphere, where the flows are not slowed or diverted nearly as much by the 
effects of friction between the surface winds and the landscape.

When forecasters refer to “the air aloft,” most often they are describing condi-
tions a mile or so up, where air pressure is lower and winds behave differently 
than they do at the surface. Without so much surface friction, they blow faster, 
and because they blow faster and over long distances, they react more strongly to 
the third big wind force, the effect of Earth’s rotation, which changes their 
direction.

Friction layer

Turbulence

FIGURE 5-5: 
The flow of air in 
the friction layer 

and aloft.

A COMMODIOUS CORRECTION
It’s time to get to the bottom of the question of the toilet bowl flush.

Winds blow around high- and low-pressure systems in the Northern Hemisphere in 
opposite directions from the way they blow around highs and lows in the Southern 
Hemisphere. And ocean currents also flow in opposite directions under the influence of 
the same forces. So, is it true, as urban legend has it, that toilets flush in opposite direc-
tions in the different hemispheres?

My people at the Go Figure Academy of Sciences have looked deeply into this profound 
question and have done the math. And the answer is: No. Whatever is going on in the 
bowl, the times and distances involved are far too short to feel the effects of Earth’s 
rotation.
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A perfectly straight curveball
Here is a Big Picture Question (BPQ): Why do the jet streams and all those big 
winds of the upper atmosphere over the middle latitudes mostly blow out of the 
west, and why does most of the weather travel from west to east across the United 
States? One way to get a handle on this BPQ is to play a little baseball.

Suppose I were a really good baseball pitcher, and you were a really good catcher. 
If I could perch myself up on the North Pole on a pitcher’s mound that is high 
enough, I would see you out on the edge in the middle latitudes of the Northern 
Hemisphere. You give me the sign for a high fastball. Now here I go: I wind up in 
this great motion, and I throw you my fastest and straightest fastball. But look 
what happened: You missed it! I would swear that I threw you a perfectly straight 
pitch, and you would swear that it was a wild pitch that curved to the left clear out 
of the batter’s box. The weird thing is, I am right, and you are right. Go figure.

EYEBALLING THE WIND
Want to measure winds the old-fashioned way? Here’s a modified version of a scale first 
devised to help British sailors estimate wind speed, known as the Beaufort Wind Scale.

Speed: mph (km/h) Name Common effects

0–1 (0–2) Calm Smoke rises straight up

1–3 (2–5) Light air Smoke drifts

4–7 (6–11) Light breeze Feel it on your face and see leaves rustle

8–12 (12–19) Gentle breeze Leaves on the move and flags wave

13–18 (20–28) Moderate wind Dust, leaves and paper flies;  
branches move

19–24 (29–38) Fresh wind Small trees sway

25–31 (39–49) Strong wind Large branches move; whistles  
through wires

32–38 (50–61) Gale Trees sway; hard to walk

39–46 (62–74) Fresh gale Twigs snap off trees

47–54 (75–88) Strong gale Branches break; shingles blow loose

55–63 (89–102) Storm Trees break; buildings damaged

64–72 (103–117) Violent storm Widespread damage

73+ (118+) Hurricane Extreme damage
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This baseball game is taking place on a level playing field, as the saying goes, but 
the darn thing is spinning like a merry-go-round. From the North Pole, it’s spin-
ning counterclockwise. As far as the flying baseball is concerned, it followed a 
perfectly straight path since leaving my hand, but while it was traveling, you were 
moving off to its left. From behind the plate, the way you saw it, I take another 
look at the pitch on instant replay and sure enough, I have to agree with you that 
my fastball definitely tailed off to the left.

Figure 5-6 illustrates this effect from the vantage point of the ball and from the 
point of view of two people on a rotating sphere.
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This curving to the right in the Northern Hemisphere and curving to the left in the 
Southern Hemisphere is the effect of Earth’s rotation. In theory, at least, this 
deflection affects every ball that is thrown in the Northern Hemisphere, but I 
would not try to sell this idea to a coach if I were you. The truth is, if your catcher 
is missing your pitches from just 60 feet away, you’re going to have to work on 
your fastball.

Pilots of transcontinental airliners, on the other hand, have to figure this 
effect into their flight plans. And Earth’s rotation has this “bending” effect on 
the winds. This effect causes winds to circulate around high- and low- 
pressure systems the way they do. The effect of Earth’s rotation is why winds 
in the Northern Hemisphere circulate clockwise around high pressure and 
counterclockwise around low pressure, and why in the Southern Hemisphere 
they flow counterclockwise around high pressure, and clockwise around low 
pressure.

The Winds Aloft
The upper atmosphere has a different look to it than the patterns you and I live 
with down near the ground. Everything aloft is sort of smoother. What looks like 
a strong high-pressure area on a map of the surface becomes abbreviated into a 
ridge of high pressure in the atmosphere a few miles up, and likewise, a strong 
low-pressure system on the ground is a mere trough in the air aloft.

The winds in the upper atmosphere still act the same way as surface winds in the 
sense that they want to flow clockwise over the high ridge and counterclockwise 
over the low trough, but in the air aloft the force of the Earth’s rotation always is 
competing with these pressure forces and tending to straighten out their flows. As 
Figure 5-7 illustrates, the winds aloft are blowing much faster than they are near 
the ground, and their pattern has a large wavy look to it.
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The Westerlies
In the simplest picture of the atmosphere, air is rising under the warming influ-
ence of the Sun near the Equator and falling toward the surface near the cold 
poles. If nothing else were happening in the atmosphere, the upper air would 
travel toward the poles and surface winds would blow from the poles toward the 
Equator. But the atmosphere is not so simple, and the winds don’t blow that way.

Sea-level winds circulating around pressure systems

Upper atmosphere westerly winds

FIGURE 5-7: 
Typical patterns 

of wind and 
pressure at the 

surface and aloft.
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In the Northern Hemisphere, this flow of air toward the North Pole is being bent 
to the right by the force of Earth’s rotation. The flow reaches a balance between 
the force pushing it north and the force bending it to the right. The result is a pre-
vailing wind that blows high above the middle latitudes from west to east. This big 
band of winds is known as the westerlies.

The westerlies seldom flow in straight lines from east to west, but rather they fol-
low a wavy pattern of large and persistent ridges and troughs. As the warming 
rays of the Sun fade farther south during winter, the westerlies migrate farther 
south over the United States and other regions of the Northern Hemisphere in 
response to changes in these big troughs and ridges. (Chapter 3 describes how the 
Earth’s tilt causes the seasons.)

In response to the warming of spring and summer, the westerlies generally 
migrate farther north. Figure  5-8 shows you typical patterns of the westerlies 
during winter and summer.

A smoother pattern of westerlies develops in the Southern Hemisphere, because 
the air flows more uniformly over water, but the direction of the flow is the same. 
As the air flows from the Equator toward the South Pole, it gets bent to the left by 
the force of Earth’s rotation.

Summer jet stream 

Winter jet stream 
FIGURE 5-8: 

Typical westerly 
winds and 
jet-stream 

patterns in winter 
and summer.
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The Jet Streams
Inside the upper atmosphere’s westerlies, maybe 8 miles to 10 miles up, is an even 
stronger wind that blows right at the boundary between the cold air from the 
poles and the warmer air over the middle latitudes. This abrupt boundary of  
temperature — and sharply different air pressures and air masses — is called the 
polar front. The wind up there is called the polar jet stream.

Polar jet stream
The polar jet stream is an upper atmosphere westerly wind — only more so. It is a 
name that is given to the fastest part of the westerlies.

It typically flows about 100 miles per hour, although in winter the jet stream can 
kick up to speeds of more than 210 miles per hour as temperature differences in 
the atmosphere become greater.

Jet streams and the westerlies can make storms more powerful. They cause air to 
rush together and rush apart as they race through the upper atmosphere. This 
motion makes air move up and down between the upper atmosphere and the lower 
atmosphere and helps to ventilate the big storm systems.

Sometimes the jet stream is referred to as the storm track, but this notion does not 
very accurately explain what’s going on up there. The jet stream is not really 
responsible for delivering a storm to a particular location. The upper winds are 
strongest where the air pressure differences are greatest — at the seam between 
two different air masses. And that seam is where storms develop. And certainly, a 
powerful jet stream can add to the intensity of a storm. Think of it this way: The 
jet stream is overhead for the same reason the storm is in your face — two very 
different air masses are coming together.

Subtropical jet stream
In addition to the polar jet stream, other westerly jet streams develop in the upper 
atmosphere. One jet stream that develops farther to the south over the lower lati-
tudes around 30 degrees north is the subtropical jet stream.

The subtropical jet stream occasionally delivers large amounts of moisture that 
fuels the winter storms over the United States. Crossing the Pacific Ocean, some-
times it turns northeastward and brings heavy rains to California and the  
southwest. Chapter 8 describes these treacherous atmospheric river storms.
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Low-level jets
Another kind of jet stream sometimes flows near the surface in various regions 
and can have dramatic effects on local weather. Just a few hundred yards off the 
water, sometimes such a low-level jet races across the Pacific Ocean and blasts 
into the Coast Range mountains. Recent research shows that this jet causes some 
winter storms to practically burst with precipitation over the California coast as 
the wind drives into the Coast Range. Wind that flows up the Mississippi River 
Valley, fueling night-time thunderstorms, is sometimes referred to as a low-
level jet.

The Tradewinds
Sailors of the world have long been acquainted with a feature of the general circu-
lation of the atmosphere that this chapter describes earlier in “A World of Wind 
and Pressure.” This global pattern creates a flow of air from the Equator that 
descends as high pressure at about 30 degrees north and south latitude. This 
descending air forms persistent high-pressure areas in the oceans at these lati-
tudes. The effect of Earth’s rotation leads to clockwise wind circulations around 
high pressure north of the Equator, and counterclockwise wind circulations 
around high pressure south of the Equator. The flow at the surface around these 
high-pressure systems is the tradewinds — to the right in the Northern Hemi-
sphere and to the left south of the Equator, and so in both hemispheres from east 
to west.

This steady flow offers mariners a fairly reliable wind that will carry their vessels 
from east to west across the world’s oceans. Christopher Columbus was carried by 
these winds across the Atlantic Ocean to the New World in 1492. His tradewind 
route became the regular route from Europe for trading vessels, and the winds 
became known as the tradewinds. Merchants would travel south from Europe to try 
to catch the easterly tradewinds across to the American colonies. On their return, 
they would follow the Gulf Stream to the north and try to catch the westerlies to 
carry them back.

Crossing the sea in sailing ships used to be a dangerous business. When they 
weren’t concerned about violent storms, ship captains were worried about equally 
treacherous areas of calm air. The global circulation pattern that is illustrated in 
Figure 5-5 creates big areas of deadly calm at both ends of the tradewinds flow 
that earned dreadful reputations among sailing mariners.
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Along the line of steamy storminess near the Equator, where the air pressure is 
pretty much the same from one place to the next, the band of quiet seas and calm 
winds became known as the doldrums. When you are “down in the doldrums,” you 
are going nowhere.

Farther north in the Atlantic Ocean, the band of evenly distributed high pressure 
in the sinking air at roughly 30 degrees north — the Bermuda High — was an 
especially big threat to ships of yore. Caught in the calm for weeks, sailors and 
passengers could face starvation. Horses, which were common cargo on such 
journeys, often were thrown overboard, or eaten. The area came to be known as 
the horse latitudes.

A Scattering of Winds
Important regional and local winds are caused by air pressure differences created 
by conditions that change from season to season, from day to day, or even from 
day to night.

Coastal breezes
At the margins of the continents and along the shores of great lakes, daily breezes 
are regularly created by circulations formed by the different ways that water and 
land handle heat. Chapter 6 describes how warm air rises as it heats up.

The land gets hot quickly and starts radiating the heat away. Water absorbs the 
Sun’s heat more slowly, and keeps it much longer.

Figure 5-9 illustrates how these different heat-absorbing and radiating proper-
ties affect the winds near the shore.

The day at the coastline typically begins with a land breeze, a wind blowing out to 
sea. The land has cooled more than the sea during the night and its air pressure 
has risen. The ocean is relatively warmer than the land, and the air pressure over 
it is relatively lower.

During the day, the Sun’s rays quickly warm up the land and the air above it, 
causing the air to rise, forming an area of relatively low pressure. Over the water, 
meanwhile, temperature and air pressure stay pretty much the same. By after-
noon, commonly, the air flow reverses. The land breeze becomes a sea breeze.
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Valley and mountain breezes
Night and day often bring a reversal of breezes between valleys and mountains. 
The low-lying valleys warm up more intensely during the day, and the rising air 
flows up the slopes of the mountains. As night falls, the mountains cool more 
intensely, and this denser air sinks back down the slope as a mountain breeze.

Asian monsoon
The regional wind of greatest importance is a seasonal pattern that delivers rain-
fall that is the lifeblood of food production for the multitudes of South Asia. Fail-
ures of the Asian monsoon have been human disasters of staggering proportions 
in history. A monsoon is a wind that changes directions with the seasons.

The winter monsoon brings fair skies and dry weather to India and South Asia. 
High pressure develops over the cold regions of Siberia, creating big dry north-
easterly winds that blow from the land out to the sea.

The summer monsoon brings heavy rains. The Asian continent warms up, creat-
ing low pressure that draws in toward the land big flows of moist air from the 
Indian Ocean and the South China Sea.

Southwestern monsoon
A similar but less dominant monsoon pattern develops in other regions of the 
world, including the southwestern desert of the United States. In midsummer 
through the early fall, the warming desert creates rising air and low pressure. This 
brings moist subtropical air up from the Pacific Ocean and the Gulf of California 
that often fuels thunderstorms and showers, and sometimes flash floods.

Chinooks
As westerly winds of winter and spring encounter a north-south mountain range 
such as the Rockies, they push air up the westerly slopes, often causing conden-
sation and rain or snow. As it reaches the mountain top, this air is drained of its 
moisture, begins sliding down the eastern side of the mountain, warming and 
becoming more dense as it falls. From Canada to the southwestern desert, these 
winds are called Chinooks.
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These strong, sometimes violent winds race down through the foothills of the 
eastern Rockies. By the time they reach the cold, snow-clad Great Plains,  
Chinooks can cause shocking rises in temperatures. Within minutes, temperatures 
have been known to climb more than 40 degrees. Chinook winds sometimes are 
called snow eaters.

Santa Anas
One of the most dangerous winds in the world is named after the Santa Ana  
Canyon, although its causes and effects go far beyond that Southern California 
canyon. Far to the north and east, cooling temperatures over the Great Basin dur-
ing fall and winter develop a large area of high pressure and sets in motion a big 
clockwise circulation of dry winds. Warming as they fall from the high plateau 
over the southwestern desert, the Santa Ana winds can charge violently through 
the passes and canyons of the San Gabriel and San Bernardino mountains.

The desert brushlands are tinder-dry, and when the Santa Anas are blowing, the 
slightest spark can grow to a raging firestorm in a matter of minutes. Such wild-
fires have claimed many lives and caused billions of dollars in property losses in 
the last several years. Such giant high-pressure circulations in the inland west can 
generate treacherous Santa Ana-type winds over a wide area of California.

Haboobs
Whirlwinds or dust devils are common sights and usually small and momentary 
features in big deserts across the world, where hot, rising winds begin spinning 
in local turbulence. But especially violent thunderstorms over sandy deserts can 
generate big, damaging winds known as haboobs. These winds derive their name 
from the Arabic word habb, for a wind caused by a downdraft.

Tons of sand and dust can become airborne by the downdraft, or downward charg-
ing wind, along the leading edge of a big thunderstorm. The dense, dark cloud can 
extend across the landscape for many miles and can completely engulf a desert 
town or city. Haboobs are most common in the Africa Sudan and the southwestern 
desert of the United States. Chapter  9 describes some especially troublesome 
winds and windstorms in more detail.
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Chapter 6
Getting Cirrus

Is rain on the way? Will there be a break in the storm? When you and I look to 
the sky for signs of change in the weather, the objects of this inspection are 
clouds. Without really thinking about it, experience tells you what to look for. 

High, white, wispy strands up against the blue sky aren’t carrying anything that’s 
going to land on your head. But the dark, low mass of gray has the look and feel of 
rain. You may not know them by the names they are called, and you may not know 
why they are there, but already you know a lot about clouds — more than you 
realize. As you compare the names and descriptions of the clouds in this chapter 
with the color photographs of those clouds at the center of this book, after a while 
you may begin to feel like someone attending an old class reunion. No, you say to 
yourself, the name doesn’t ring a bell, but that face is sure familiar!

They are the meat and potatoes of weather, these remarkable formations we call 
clouds. You and I know this fact without even thinking about it: Not a drop of rain 
or a snowflake or a single hailstone will fall from the sky unless first a cloud is 
formed. But how is a cloud formed? This chapter answers that question. And the 
names and descriptions of the ten main types of clouds are spelled out, along with 
their importance as forecasters of changes in weather.

Clouds are the beauties of the sky. Learning their names is a little like becoming 
acquainted with a few great master painters. Every day their canvas is up there for 
you to view, and most every day you can watch them work. Telling one kind of 

IN THIS CHAPTER

 » Catching air on the rise

 » Naming that cloud

 » Reading weather in the clouds
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cloud from another is not really essential, of course. But it’s fun, and sometimes 
it’s especially rewarding. The sight of the setting Sun is quite nice, naturally. But 
the one I remember most is not of the Sun itself, but what happened to its fading 
rays on the undersides of the high clouds that I hadn’t noticed before. The Sun 
already was over the horizon when the cirrus clouds took its last light and bril-
liantly illuminated the sky with rose and orange and gold.

Making Clouds: The Heavy Lifting
Clouds form when condensation takes place, a process that Chapter 4 describes in 
connection with precipitation. Clouds are where all three phases or forms of water 
are commonly in action: gaseous vapor, solid crystals, and liquid droplets. When 
it comes to the kinds of weather that you and I worry about most, clouds are where 
the action is. The more you know, the better sense you have of what to expect. You 
may begin to recognize the progression of changing cloud patterns in the sky that 
can signal hours ahead of time the advance of a distant storm.

If you are going to make a cloud, you are going to have to cool air to its dewpoint —  
to the temperature where it is saturated with water vapor, and the vapor begins 
condensing into ice crystals or water droplets. That’s what a cloud is  — ice  
crystals or tiny water droplets, or a combination of both. The best way to cool air 
is to get it off the ground and move it up into the realm of lower air pressure, 
where it expands and its temperature drops. One way or another, you’re going to 
have to lift the air.

Heating up
Just as warm water hangs around the surface of a swimming pool or an ocean, 
warm air floats upward through cooler air. The warmer air, like the warmer water, 
is less dense — more buoyant.

This buoyancy tendency of a lighter fluid to float upward through a heavier fluid is 
the basis for the powerful and dramatic cloud-making process known as 
convection.

The vertical cumulus clouds — often called convective clouds — that bring showers 
to summer afternoons most often are spawned by convection, by air rising from 
the Sun-warmed surface, reaching its dewpoint and condensing. The cooler the 
air, the less water vapor it can hold.
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Soaring birds such as hawks and vultures are experts at riding the warm updrafts 
known as thermals created by local convection.

Convection also is an internal process that takes place inside a forming cloud in 
addition to whatever mechanism first gave the air its lift. Water condensing from 
its gaseous vapor form into ice crystals or water droplets gives off heat. This 
warming from latent heat, which Chapter 3 describes, gives the air another boost 
upward.

Crowd control
When air moves from one place to another across the landscape, other air moves 
out of its way. When air converges from more than one direction onto a common 
location on the surface, the atmosphere has a crowd control problem on its hands. 
This problem happens all the time — for example, when air circulates counter-
clockwise and inward toward a low-pressure system in the Northern Hemisphere. 
The atmosphere needs to find a place for the extra incoming air to occupy. And 
across the surface, of course, the only direction to go is up.

Convergence can lift an entire layer of air hundreds of miles across, although its 
motion is more gentle than other mechanisms that give air a lift. In response to 
the convergence of air near the surface, the whole atmosphere can bulge upward. 
The high, thin veil of cloud cover known as cirrostratus can be formed by 
convergence.

Frontal assaults
When warm and cold air masses do battle, as Chapter 3 describes, the atmosphere 
is going to get a rise out of it. Air is rising all along the advancing fronts as big 
winter storms march from west to east across the United States and other regions 
in the middle latitudes. But there are important differences in the clouds between 
a battle that is won by a cold front and one that is won by a warm front.

A cold front is a relatively fast-moving creature, typically traveling across the 
landscape at around 30 miles per hour. As Figure 6-1 illustrates, the blunt nose of 
this dense air vigorously lifts retreating warmer air at the boundary of the two 
masses. Vertical clouds form at the boundary, quickly developing generally nar-
row bands of heavy rain or winter snowfall and occasionally spawning 
thunderstorms.
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An advancing warm front, by contrast, is a more gently sloping slowpoke, typically 
moving along at maybe 10 or 20 miles per hour. As Figure 6-2 shows, this warm 
air gradually rides up over the top of the retreating cold air. Thickening layers of 
clouds form far ahead of the frontal boundary and drop precipitation that is usu-
ally less intense, steadier, and more widespread than a cold front.

Over the top
Encountering a barrier such as a mountain range that it can’t go around, the air 
rides up its slopes, cooling toward its dewpoint as it rises. Clouds and precipita-
tion formed by this process are called orographic, which is worth mentioning only 
because once in a while you might hear a meteorologist refer to orographic clouds 
or an orographic storm.

Cold air

Warm air

Heavy precipitation

Cumulonimbus 
clouds

FIGURE 6-1: 
Cloud formations 

caused by the 
advance of a cold 

front.
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Orographic lifting is an important process to the weather anywhere mountain 
ranges are features of the landscape. In the western United States, for instance, 
the north-south mountain ranges of the Cascades, the Sierra Nevada, and the 
Rockies form great, up-lifting barriers to the flow of air. The citizens of California 
depend for most of their water supply on the rain and snowfall in the Sierra 
Nevada, and much of it is generated by the mountains giving an extra orographic 
lift to incoming Pacific storms. The height of clouds generated by this motion 
often range far above the mountaintops.

As Figure  6-3 illustrates, the up-lifting process on the windward side of the 
mountain (the side that faces the prevailing winds) produces another interesting 
weather phenomenon on the leeward side of the ranges, which is out of the wind. 
Just as the up-lifting makes for especially rainy or snowy conditions on one side, 
it produces what is known as a rainshadow, or especially dry conditions, on the 
other. For example, the desert known as Death Valley, one of the driest places on 
Earth, lies within the rainshadow of the snowcapped Sierra Nevada mountains.

Warm air

Altostratus 
clouds

Cold air

Nimbostratus 
clouds

Cirrus 
clouds

Precipitation

FIGURE 6-2: 
Cloud formations 

caused by the 
advance of a 
warm front.
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A Question of Stability
Making a cloud without getting air to rise is hard, but something else is even more 
essential. The most important thing that has to happen for a cloud to form is for the 
temperature of the air to fall to its dewpoint or frost point — that condition is called 
saturation, when the air holds all the water vapor that it can and not one molecule 
more. As it cools beyond this point, it causes condensation, and a cloud forms.

This process of rising takes place in a way that is not so obvious. A lot depends not 
only on the air that is on the rise, but also on the temperature and other features 
of the air it is rising into. You will hear a forecaster use the term unstable air or 
unstable conditions to describe the circumstances that lead to the greater develop-
ment of clouds and increased likelihood of precipitation.

What the forecaster is getting at is this: Under some circumstances, the air is par-
ticularly prone to keep on rising and cooling and condensing into cloud long after 
the boost that sent it upward in the first place has petered out. This parcel of air 
continues to float above the air around it — in other words, it remains buoyant. As 
air rises, this parcel moves into lower pressure, and so it expands. As it expands, it 
cools. The air cools at a constant rate of 5.5 degrees Fahrenheit for every 1,000 feet 
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it rises. When conditions are unstable, this rate of cooling still keeps this parcel of 
air warmer than the air around it, and so it continues to rise until it reaches satu-
ration, its dewpoint. As it condenses into cloud, it gets another boost upward. The 
process of condensation, which Chapter 4 also describes, converts water from gas 
vapor to ice crystals or tiny liquid droplets. Condensation releases latent heat into 
the atmosphere. This particular parcel of air is giving back to the atmosphere the 
heat that was taken when the liquid water evaporated into gaseous water vapor in 
the first place. Condensation gives the air new warmth and still more buoyancy.

The rate of cooling of the rising air remains the same, but the vertical temperature 
profile of the surrounding air varies from day to day. That is why forecasters go to 
such trouble to find out what is going on with temperatures and other conditions 
in the upper atmosphere — the air aloft. This is a big reason why releasing those 
hundreds of weather balloons twice a day is worth the time and trouble, and the 
expense. Knowing the rate that air cools as it rises, and knowing the temperatures 
of the upper air through which the rising air is moving, a forecaster gets a pretty 
good handle on what to expect by way of cloudiness and precipitation.

INVERSIONS: PUTTING A LID ON IT
What weather forecasters think of as the stability of air has to do with the temperature 
of the atmosphere at different heights — its temperature profile. They know that a  
rising parcel of warm air will cool at a certain rate. They compare that rate of cooling 
with the temperature profile of the atmosphere and come up with an estimate of its 
stability — the likelihood that it will create clouds and precipitation.

Unstable air has a temperature profile that is always cooler than parcel of air rising through 
it. Stable air has a temperature profile that is close to the standard cooling rates of rising 
air, and so it discourages this ever-upward flow. And then there is the other side of the 
coin — air with a temperature profile that is warmer rather than cooler above the surface.

These so-called temperature “inversions” really put a lid on rising air. Not only do they 
discourage cloud formation and storms, these conditions are very unpopular with city 
dwellers and farmers in some parts of the country.

When a region is socked in with fog day after day, you can be sure a temperature inversion 
is overhead. Above places like Los Angeles, when air can’t rise and mix, it doesn’t take long 
before it gets pretty thick and stinky. On a farm where winter crops grow, an inversion 
means that colder air is hanging down around the tender crops, threatening to damage 
them with frost. That’s what all those smudge pots and big fans that look like airplane pro-
pellers are for — to ventilate and mix the air above the fields. Hoping to prevent freezing, 
farmers are trying to get that trapped cold air to mix with the warmer air above the ground.
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When the air aloft is much colder, even as the warmer air rises and cools, it 
remains warmer than the surrounding air, and so keeps on rising. The higher it 
can rise, the more of its water vapor can condense into clouds, and the taller the 
clouds can grow.

Clouds by Class
No two clouds are exactly alike, it is true, but they aren’t all entirely different from 
one another either. You don’t have to be a meteorologist to recognize that clouds 
come in certain styles. As a rule, one cloud in the sky looks somewhat like the one 
next to it, because they are made by the same process. Knowing these different 
types and the different processes that make them is very helpful to forecasting 
short-term weather trends and to getting a handle on what is going on up there. 
Being able to tell one type of cloud from another is always fun, and once in a while 
it can be valuable personal safety information.

British naturalist Luke Howard devised a system of classifying clouds 200 years 
ago that still is used today. It is a simple system, although it sounds a little strange 
because of the funny old Latin words it uses.

The clouds are labeled according to their appearance and according to their alti-
tude. But, really, when you look at them, there are only three main types of 
clouds — stringy, heapy, and layered. And there are only three altitudes — high, 
middle, and low. And then there’s one more important cloud type  — the big, 
heaped clouds that generate vertically into the sky. Some of these vertical clouds 
are so harmless that they are called fair weather clouds. But others are the monsters 
that bring the world its most dangerous and violent weather.

So, how’s your Latin? A little cloudius on your Latinus? Relax — all you need to 
know is this:

 » Cirro, in the names of high clouds, means “a curl of hair.”

 » Alto means “middle.”

 » Stratus means “layer.”

 » Cumulus means “heap.”

 » Nimbus means rain.

If you really want to know, the classes of high, middle, and low clouds are called 
stratiform clouds because they form in horizontal layers. The vertical clouds, called 
cumuliform clouds, form tall heaps. Figure 6-4 illustrates the main cloud types.
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High clouds
The atmosphere is higher over the warm Equator and lower over the cold poles, so 
the altitude of cloud types varies with latitude. (Check out the color pages of 
Weather For Dummies for photos of the main cloud types.) Keep in mind, also, that 
these descriptions of altitude and temperature are not written in stone. One day to 
the next, one place to another, the atmosphere has its own way of doing things. So 
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even though specific numbers are given for cloud heights, for example, take them 
as a guide.

In the middle latitudes, where most people live, the bases of high clouds form 
above about 23,000 feet, more than 4 miles up. The air at this altitude is cold, well 
below zero, as a rule, and these generally thin cirro clouds are composed almost 
entirely of ice crystals. You can see icy brightness in the patterns of even the puny 
cumulus forms at this altitude — all these clouds live in a region of high winds. 
These clouds are not weather-makers, for the most part. They cause no precipita-
tion themselves, although cirrostratus may be a harbinger of rain or snow. They 
seldom cover the entire sky and are not thick enough to prevent sunlight from 
casting shadows.

Cirrus
Cirrus clouds are delicate-looking, thin and wispy strands that are silvery and 
almost transparent against the bright blue sky (see Figure  6-5). Cirrus clouds  
in the middle latitudes are commonly carried by the westerlies, the upper  
atmosphere’s prevailing winds that Chapter  5 describes. Often, they take the 
shape of a concentrated cloud form attached to a long, thin strand. These long 
streaks, sometimes called mares’ tails, are ice crystals that have fallen from the 
“parent cloud” and are trailing downward into winds that are slower than the 
winds at the higher elevations where they formed. The appearance of cirrus can 
herald the arrival of a warm front and mean that bad weather is on the way.

FIGURE 6-5: 
Cirrus clouds. 

Jim Reed
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Cirrocumulus
Cirrocumulus clouds are thin patches of small, white rounded clouds arranged usu-
ally in patterns of long waves or rippling rows that remind people of fish scales 
(see Figure 6-6). Cirrocumulus are the clouds that are sometimes called “mack-
erel sky,” although these patterns rarely cover the entire sky. The clouds form 
under conditions of wind shear, when winds change direction or speed from one 
height to another. Cirrocumulus often are seen as signals of precipitation ahead, 
because wind shear occurs out in front of advancing storms.

Cirrostratus
When you see a halo around the Sun or the moon, you are looking through a thin, 
silvery veil that is a cirrostratus cloud (see Figure 6-7). As Chapter 15 describes, sun-
light and moonlight scatters, or is refracted, as it passes through this nearly trans-
parent lens of ice crystals. Thin sheetlike cirrostratus clouds often spread over the 
entire sky. Thickening cirrostratus may signal the onset of rain or snowfall in the 
next 12 to 24 hours, as Chapter 3 describes, because they often form ahead of a 
storm generated by an advancing warm front. The veil of cirrostratus will become 
progressively thicker and then be replaced by lower, denser cloud types.

Middle clouds
In the atmosphere between 6,500 feet and 23,000 feet — from a little over 4 miles 
up down to about a mile and a half — are clouds composed of both water droplets 
and ice crystals. Temperatures in these clouds range from about 32 degrees to –13 
degrees Fahrenheit, and the water droplets they contain are supercooled. These 
droplets are made up of pure water and, because of their tiny size, are able to 
remain liquid rather than freeze into ice even though the temperature is well 

FIGURE 6-6: 
Cirrocumulus 

clouds. 
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below water’s normal freezing point. The middle altos clouds are generally thicker 
than the high cirros, but they are seldom more than about a half-mile from bottom 
to top.

Altocumulus
Altocumulus clouds are gray, puffy patches that sometimes form wave patterns or 
bands (see Figure 6-8). Their patches are bigger than cirrocumulus, and they are 
likely to cover more of the sky. Also, their edges are more sharply defined because 
they contain water droplets rather than ice crystals. Rising air may cause them to 
form “little castles.” They rarely cause precipitation that reaches the ground, 
although they indicate the presence of a layer of unstable air aloft. Altocumulus 
form by convection, the lifting of air, and may signal the advance of a cold front. 
If they appear in the morning of a hot, humid summer day, conditions may be 
right for thunderstorms in the afternoon.

FIGURE 6-7: 
Cirrostratus 

clouds. 
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FIGURE 6-8: 
Altocumulus 

clouds. 
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Altostratus
This layer of gray or bluish-white ice crystals and water droplets covers the entire 
sky much more thickly than the white veil of cirrostratus. Altostratus may be thin 
enough to let the Sun or even the moon peep through as a barely visible “watery” 
disk, but they are too thick to form halos or to allow shadows to form on the 
ground (see Figure 6-9). These cloud layers often arrive ahead of widespread rain 
or snow.

Low clouds
The bases of these clouds extend from the ground, in the case of fog, up to about 
a mile and a half above the ground. Chapter 4 describes the details of fog. Low 
clouds usually are made up of water droplets, although during winter they may 
contain ice crystals or snow.

Stratocumulus
These large lumps of low clouds, called stratocumulus, appear in dark rows or 
patches (see Figure  6-10). They are thick gray clouds, but their irregular roll  
pattern may be broken by patches of blue sky and by dramatic, streaking  
rays of sunlight. They look threatening, but stratocumulus clouds rarely bring 
precipitation.

FIGURE 6-9: 
Altostratus 

clouds. 
National Center for Atmospheric Research/ 
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National Science Foundation
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Here’s a simple rule that helps distinguish altocumulus from stratocumulus: 
Extend your arm up toward the clouds. Individual altocumulus are about the size 
of your thumb, while stratocumulus about the size of your fist.

Stratus
If you’re in a fog, you are in a stratus cloud that is on the ground (see Figure 6-11). 
This uniformly gray cloud cover extends from horizon to horizon. It is the cloud of 
lifted fog, the gray overcast of the early morning seashore. Stratus may block out 
the tops of buildings and hills and occasionally bring mist or drizzle. But stratus 
is not a rain cloud.

Nimbostratus
Nimbostratus are rain clouds (see Figure  6-12). Nimbostratus is a gray deck of 
cloudiness that is darker than a layer of stratus layer and more ragged in pattern 
and less uniform at its base. The Sun is completely blocked out of the sky. This 
low, dark, full-sky cloud cover produces long periods of light to moderate rain or 
snowfall. Because of the precipitation and foggy conditions, the outlines of these 
clouds can be pretty vague. The underside of a nimbostratus may be marked by 
drifts of lower ragged cloud fragments called scuds.

FIGURE 6-10: 
Stratocumulus 

clouds. 
Jim Reed
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FIGURE 6-11: 
Stratus clouds. 
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FIGURE 6-12: 
Nimbostratus 

clouds. 
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Vertical clouds
The clouds that develop vertically in the atmosphere, the cumuliforms that form 
from bottom to top, behave very differently than those stratiforms that occupy the 
sky in separate levels. The clouds of the high, middle, and lower levels are born 
out of air that is rising upward at the speed of roughly 1 mile per hour. Vertical 
clouds are charging bulls by comparison. Air can surge up through some of these 
giants at more than 100 miles per hour.

Vertical clouds are sometimes called convective clouds because they owe their 
existence and their sometimes explosive growth to the rapid vertical mixing of 
warmer and colder air. Often, they form by air radiating upward as the Sun’s heat 
energy warms the land through the day. Stable conditions in the upper air keep a 
lid on cumulus clouds, but in unstable upper air, these clouds can grow to great 
heights in a matter of minutes.

Cumulus
A warm and otherwise clear afternoon may see the fleeting appearance of cumulus 
clouds, which are big, bright, sharply defined white pillows with darker undersides 
and flat bases (see Figure  6-13). Partly cloudy skies in fair weather often are 

HOW HIGH IS HIGH?
You probably know this already: Estimating the height of something in the sky is not so 
easy.

Airports and weather service offices have instruments that help them measure the dis-
tance from the ground up to the base of the clouds — what they call the cloud ceiling. 
Most often, they bounce a beam of light off the clouds, which is seen by a detector on 
the ground. They know the angle of the beam and the distance to the detector, and 
then they do the math.

For the rest of the population, it’s a matter of making very rough estimates and using 
whatever features of the landscape may be handy. You can use mountains and hills and 
tall buildings as yardsticks to the height of clouds. Sometimes airplanes can help. Small 
planes are usually flying below 12,000 feet, while big airliners are cruising up there at 
36,000 feet or so.

As a person gets better and better at identifying the types of clouds, a funny thing hap-
pens to the problem of estimating heights. It sort of gets turned on its head. Instead of 
wondering how high those clouds are, you’ll say to yourself: “Those babies are altocumulus, 
they must be about 15,000 feet!”
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populated by these “fair weather cumulus.” These clouds form in updrafts of air 
and are encircled by downdrafts of air, marked by clear sky. Individual clouds 
commonly last less than an hour.

Convection, or the rising of warm air, is the key to cumulus. They will outline the 
warm boundary around a cool lake, for example, or even the banks of a large river. 
They will originate and grow as the day’s heat builds and dissipate as it cools. As 
the Sun’s heat reaches its maximum by late afternoon, so, too, will the cumulus 
clouds reach their greatest heights.

A more potent type of cumulus cloud called cumulus congestus takes shape in warm, 
humid, often unstable conditions. These clouds can quickly build into closely 
packed, high vertical “towering cumulus” that bring scattered showers. If they 
continue to build, cumulus congestus can become giant cumulonimbus thunder-
storm clouds.

Cumulonimbus
In a matter of 15 minutes, the cauliflower tops of a cumulus congestus cloud can 
surge high into the atmosphere, forming a flat, anvil-shaped crown reaching  
8 or 10 miles altitude. As the top of the cumulonimbus pokes into the lower reaches 
of the stratosphere, it encounters high-speed winds that give its thunderhead that 
swept-away look (see Figure 6-14). The advance of this deck of cirrus often marks 
the approach of a cumulonimbus cloud, and then you might feel a gust of cool air 
from its downdraft just before a thunderstorm.

FIGURE 6-13: 
Cumulus clouds. 
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These enormous cumulonimbus clouds can form individual storms or be part of a 
line of towers called a squall line. These clouds can bring lightning, torrential 
downpours of rain and hail. They can spawn violent downdrafts and tornadoes. 
Nobody who has experienced the weather violence that can be generated by the 
biggest of these monster clouds, called supercells, is likely to mistake them for 
anything else. Chapter 9 describes these thunderstorms in detail.

FIGURE 6-14: 
Cumulonimbus 

clouds. 
National Center for Atmospheric Research/ 

University Corporation for Atmospheric Research/ 
National Science Foundation

A CLOUDY PICTURE
You and I naturally think of clouds as creatures that change the look of one day from 
another. But the people in the climate wing of the Go Figure Academy of Sciences look 
at clouds from a different point of view. They’re interested in the Big Picture — not in 
the clouds of storms that forecasters care about, but rather in the total cloud cover over 
the Earth. They want to know whether this total is going to be increasing or not, and 
what effects such changes will have on the future climate.

They think they know that global warming, which Chapter 13 describes, will bring about 
more cloudiness because it will increase evaporation and throw more water vapor into 
the atmosphere. But the effect of this cloudiness on climate is one of the cutting-edge 
debates among the Big Picture people.

Among the questions: What kinds of clouds would they be? More cumulus clouds are 
likely to absorb more heat radiating off the surface, making the warming warmer, and 
they think the same effect would come from more high-level stratiform, or layered, cir-
rus clouds. On the other hand, more middle-level altos or low-level stratus clouds could 
have the opposite, cooling effect.
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Special clouds
Always the atmosphere seems to be ready to play tricks on the likes of you and me 
with the clouds that take shape. Even if you are a veteran cloud-watcher, once in 
a while, an especially strange shape might stop you in your tracks and make you 
wonder: “What in the world is going on up there?”

Here is a rundown on some of the strange shapes you might see.

Lenticular
Mountains can cause moist air to form waves as it flows over their tops. For miles 
downwind of the mountains, these so-called standing waves hold their shapes, 
even as winds flow through them. Air flowing up the ascending crests of these 
waves can condense into clouds that form flat lens shapes called lenticular clouds 
(see Figure 6-15). These strange forms have been responsible for more than a few 
reports of UFO sightings.

Billows
Layers of different air temperature can develop waves along their common bound-
ary, and the billow clouds that form in these waves can look very much like a row 
of ocean waves.

FIGURE 6-15: 
Lenticular clouds. 

National Center for Atmospheric Research/University Corporation for Atmospheric Research/National Science Foundation
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Banner
A cloud that forms near the top of an isolated mountain peak and drapes away 
downwind is called a banner cloud.

Pileus
Moist air can get pushed over the top of a developing cumulus tower, forming a 
fuzzy cap cloud or pileus, which is, of course, Latin for “skullcap.”

Mammatus
Unlike most clouds that form in rising air, mammatus clouds take shape as big bags 
of sinking air under cumulus or cumulonimbus clouds (see Figure 6-16). These 
big, dark sinking bags often appear ominous. Look for signs of rotation in these 
formations. If you see rotation, it may be a sign of a tornado. If there is no rota-
tion, it is a harmless mammatus. In fact, mammatus often signals that the worst 
is over. The storm is drying up and cooling off. The air is cooling as it is sinking 
because it is giving up more heat through evaporation of water droplets than it is 
gaining through its declining altitude.

Contrails
The exhaust from a jet aircraft often forms a line of cloud as water vapor is blown 
into the cold surrounding air. The shapes of these streaks of condensation can be 
clues to the upper atmosphere’s winds and moisture content. Strong winds will 

FIGURE 6-16: 
Mammatus 

clouds. 
National Center for Atmospheric Research/University Corporation for Atmospheric Research/National Science Foundation



CHAPTER 6  Getting Cirrus      121

quickly spread the streak. If contrails do not rapidly evaporate, it means that the 
air up there is relatively humid.

Clouds of the stratosphere
Almost all the water vapor and almost all the clouds occupy the lower 8 miles of the 
atmosphere known as the Troposphere. Occasionally a giant cumulonimbus cloud or 
a lenticular cloud over an especially high mountain will reach higher into the  
Stratosphere, but weather scientists don’t very often look for clouds up there. Still, 
once in a while, a rare cloud is observed in the upper reaches of the sky.

Nacreous
Over polar regions, at an altitude of about 20 miles, silky nacreous, or mother of 
pearl, clouds occasionally are illuminated by the long nights of the winter Sun. 
Weather scientists think they are made up of ice crystals or supercooled liquid water.

Noctilucent
Far above the layer of the atmosphere responsible for weather, some 50 miles up, 
a rare and mysterious layer of wavy bluish-white clouds is revealed long after 
sunset. Because of their very high altitude these clouds, composed of tiny ice par-
ticles, strangely illuminate the night at high latitudes (see Figure 6-17). Noctilu-
cent clouds means “luminous night clouds.”

FIGURE 6-17: 
Noctilucent 

clouds. 
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Chapter 7
The Greatest Storms 
on Earth

Not for nothing are they called the greatest storms on Earth. Few things in 
nature are more powerful than hurricanes. The giant tropical storms that 
come swirling over of the warm waters near the Equator like enormous 

coiled springs wreak death and destruction across the world every year. In an 
average year, 85 tropical storms form around the world, including 45 that will 
reach the wind intensity of at least 74 miles per hour, and so be classified as hur-
ricanes or typhoons.

This chapter looks at hurricanes from the inside out. Where do they breed? What 
makes one hurricane season busy and another season quiet? How well can weather 
forecasters predict where these destructive giants will make landfall? In this 
chapter are sections that focus on answers to these questions and more.

On average, the National Weather Service reports, ten tropical storms form every 
year in waters affecting the United States  — the Atlantic Ocean, the Gulf of  
Mexico, and the Caribbean Sea — and six of them typically become hurricanes. In 
the United States, hurricane damage currently costs an average of $6.2 billion a year.

In an average three-year period, about five hurricanes strike the U.S. coastline 
anywhere from Texas to Maine, killing from 50 to 100 people. Two of these five are 
major hurricanes with winds greater than 110 miles per hour.

IN THIS CHAPTER

 » Figuring out hurricanes

 » Forecasting the hurricane season

 » Outrunning hurricanes
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In 1998, more than 11,000 people died during a single storm, Hurricane Mitch, in 
Honduras and Nicaragua.

Breeding Grounds
A hurricane is a tropical storm run amok — a rotating mass of thunderstorms that 
has become highly organized into circular cells that are ventilated by bands of 
roaring winds.

In the North Atlantic Ocean and the eastern North Pacific Ocean, they go by the 
name hurricanes. In the western North Pacific, they are called typhoons, and in the 
Indian Ocean and everywhere south of the Equator they are known as cyclones. To 
a weather scientist, they are all tropical cyclones. By whatever name, they are ter-
rible storms that can roam across thousands of miles of ocean and last anywhere 
from just a few hours to as long as a month.

In the northwestern Pacific, the region known as Typhoon Alley, they can strike 
just about any time of year. In the North Atlantic, the hurricane season that 
threatens the Gulf Coast and the East Coast of the United States begins in June and 
continues through the end of October. This is the time of year when the water in 
the Atlantic Ocean north of the Equator is at its warmest. By October, the water in 
the region is beginning to feel the effects of autumn as the Sun’s direct rays shift 
toward the ocean south of the Equator. High season for Southern Hemisphere 
cyclones is December through March.

Storms that form in the Tropics are different from the big frontal mid-latitude 
storms that more commonly sweep across the mid-latitude countryside. The  
big storms of winter may be seen as creatures of the sky, powered by temperature 
contrasts and the energy from the winds they create. Tropical storms seem more 
like ocean critters that form in a uniform environment and are fueled by energy 
from the latent heat of their condensation.

Coastal communities around the world are no longer surprised by the arrival of 
hurricanes as they were many years ago. Before regular monitoring flights by 
airplanes began in the 1940s, the storms on the high seas would come and go 
without anybody knowing it except a passing ship now and then. The worst natu-
ral disaster in United States’ history was a “surprise” hurricane. It came ashore in 
September 1900 and swamped Galveston, Texas, with its storm surge, killing 
more than 8,000 people.
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Now forecasters can see hurricanes coming several days in advance. With aircraft 
roaming the skies and satellites circling the planet, there’s no place for a hurri-
cane to hide. Equipped with powerful computers and monitoring systems and 
instruments, weather scientists and forecasters continue to make progress which 
no doubt has saved thousands of lives in recent years.

Mysteries
Advances are being made, but still, important things about hurricanes are not well 
understood. Forecasters and researchers can see them take shape in the ocean, but 
they cannot very accurately predict their behavior. Why does one tropical storm 
build into a hurricane while another just peters out? Weather scientists don’t 

UNDER THE MICROSCOPE
Hurricanes are the subject of a lot of research by weather scientists in the United States 
and elsewhere. They are a big problem and a major focus of the U.S. Weather Research 
Program.

Around the world, government agencies are teaming up with university researchers and 
scientists at other institutions to tackle some top-priority weather forecasting goals. First 
on the list is a set of ambitious goals for improving hurricane predictions.

Scientists want to be able to better forecast where the hurricane will hit land, how much 
time people have to evacuate before winds get too strong, and just how strong the hur-
ricane is going to be. They want to increase warning lead-time, to narrow the length of 
warned coastline, and to more accurately forecast a storm’s strength.

Other international weather research programs focus on improving forecasts of winter 
storms and spring and summer rains that bring heavy precipitation and the threats of 
flooding. Scientists also are looking more closely at the sources of the storms, including 
great streams of tropical moisture — called Atmospheric Rivers — that sweep into the 
U.S. West Coast from the Pacific Ocean. Chapter 12 describes in more detail the effects 
on hurricanes of regional climate variations such as El Niño and how our changing 
global climate is impacting the lifespans of these great storms.
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know exactly. They also cannot precisely predict where or when a hurricane will 
become stronger or bigger, or when its forward motion will speed up or slow down 
or change direction.

For weather forecasters, an approaching hurricane is a very big and complicated 
problem. From a single storm, thousands, if not millions, of lives can be in  
jeopardy, and several hours are needed to safely evacuate large numbers of people 
from coastal communities that appear to be in harm’s way. And yet, as the section 
of this chapter, “Coming Ashore . . . But Where?” points out, forecasters can’t be 
sure just where or when an approaching hurricane will come ashore. And when 
one does, they cannot very accurately forecast how high the big tidal sea bulge 
known as the storm surge will be when it slams into coastal areas. They can’t be 
sure how much rain will fall when the hurricane moves inland or how many  
tornadoes the hurricane will spawn that might rake the countryside. From one 
year to the next, they can tell you that one Atlantic season is likely to see more 
hurricanes than another. This is helpful information — even if they can’t really 
tell you how many to expect.

These are mysteries that hurricane forecasters throughout the world face all the 
time. Figure 7-1 gives you an idea how big the problem is.
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Birth of a Hurricane
When conditions are right, a thunderstorm cloud takes shape very easily in the 
breeding grounds for hurricanes. In the Tropics, conditions are often just right. 
The Tropics are like a big room full of young people listening to music. Before 
long, the music gets louder and there is dancing. The ocean’s surface is 80 degrees 
or warmer, ready to evaporate into the air at the slightest chance. Winds are light 
and fairly evenly spread out in the sky, so air can rise high. And there is just 
enough disturbance to get that warm, moist air mixing upward, its water vapor 
cooling and condensing into water droplets — a cloud. This kind of mixing hap-
pens all the time along a band near the Equator where southward blowing 
tradewinds and northward blowing tradewinds come together and make a fold in 
the atmosphere.

Weather scientists have a five-dollar word for this thunderstorm belt  —  
Intertropical Convergence Zone. Also, in the Atlantic Ocean north of the Equator, a jet 
of air flowing with the tradewinds from the east, out of North Africa, regularly 
develops wrinkles or waves in it. These easterly waves in the air flow are like musi-
cal beats in the Tropics  — just the things to get thunderstorm clouds to take 
shape. In summer and autumn, dozens of these waves march westward across the 
tropical North Atlantic, although only a few grow to become hurricanes.

TYPHOON ALLEY
An average of 26 tropical storms roam the western North Pacific every year, more than 
any other region on Earth. The Island of Guam, a U.S. territory, is in the middle of it as 
are the population centers of Indonesia and the Philippines. Around the world, an aver-
age of 85 tropical cyclones form every year.

Why does Typhoon Alley get so many typhoons? And how come they can take shape in 
the western North Pacific all year long? Like a lot of mysteries about hurricanes, the 
answers to these questions are found in the ocean. The key is the Warm Pool of ocean 
water that Chapter 12 describes. All year long, the tradewinds and the ocean currents 
are pushing surface water warmed by the tropical Sun toward the far western side of 
the North Pacific. Tropical cyclone seasons come and go in other regions, but the water 
of the Warm Pool always is warm enough to hatch such a storm.
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Disturbance to depression
A shapeless cluster of thunderstorm clouds or tropical disturbance may begin to 
dance around one another if conditions are right. The mass of cloudiness begins 
to get some spin to it. This is the force of the Earth’s rotation at work — causing 
the clouds to twirl counterclockwise north of the Equator and clockwise south of 
the Equator. The winds are blowing in a circular formation, and at the center, an 
area of low air pressure is forming. The disturbance is not so shapeless anymore. 
Its thunderstorms are beginning to get organized. Winds around its weak 
low-pressure center are 23 to 39 miles per hour. The tropical disturbance has 
become a tropical depression.

Storm to hurricane
What was once just a blob of tropical cloudiness on a weather satellite image 
continues to grow in size. Its overall shape is more circular, and with a series of 
satellite images, it’s easy to see that the bands of clouds are rotating around a 
center. Winds around the center are blowing faster than 39 miles per hour, but 
less than 74 miles per hour. The tropical depression has become a tropical storm 
and has earned itself a name. Without ever becoming a hurricane, a tropical 
storm can dump huge amounts of rainfall as it plows inland and cause serious 
flooding.

A hurricane is a tropical storm, only more so. Air pressure has continued to drop 
at the surface of the sea in the center of the storm, and now the center often can 
clearly be seen in the satellite images. There is no mistaking the circular rotation 
of this creature. The whole storm now looks very much like a spinning pinwheel. 
The shapeless blob of a few days ago has grown into a highly organized weather 
machine. At the very center of the wheel of clouds is a dark spot, the eye of the 
hurricane, where often there are no clouds at all and winds are fairly calm. Around 
this clear dark hole in the storm is a sharp, steep eye wall, a high cliff of clouds. 
Around this central core, sustained winds speeds have reached at least 74 miles 
per hour. And all around the hurricane, from the sharply defined eye to the ragged 
outer edges are enormous spiral rain bands of cloudiness. Figure 7-2 shows what a 
hurricane looks like from the inside.
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Bad Weather’s Big Weapons
A hurricane throws everything at you in bad weather’s big arsenal of weapons 
except the ones that come from extreme cold. Crashing lightning and thunder, it 
comes ashore with a tidal bulge and big waves that can swamp coastal communi-
ties. It whips inland with its famously powerful knockdown and blow-over winds, 
and with occasional tornadoes sweeping down from its clouds. Long after passing 
its peak, it pours flooding rains across the battered countryside far from the sea.

Storm surge
Along the coastline, the greatest threat to life and property is the storm surge, the 
large dome of water that is 50 miles to 100 miles wide that sweeps over the shore-
line where the hurricane comes ashore. More than the winds, this is the hazard 
that wrecked Galveston, Texas, in 1900 when an estimated 8,000 people were 
killed (see sidebar). Danger is greatest if a hurricane makes landfall during high 
tide, especially in areas where there is a big difference between high tide and low 
tide. On top of a storm surge that can be more than 15 feet high are large wind-
whipped waves of the storm. It is a lethal combination for harbors and seaside 
vacation resorts. Photographs in the color section earmarked Hurricanes illustrate 
the impact of storm surge.
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FIGURE 7-2: 
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Three things control storm surge: wind speed, water depth, and the very low air 
pressure in the eye of the storm that allows the sea to rise. The stronger the winds, 
the shallower the offshore water, the lower the pressure, the higher the storm 
surge. The Category 5 winds of Hurricane Camille, which struck Mississippi in 
1969, produced a 25-foot surge.

The storm surge of hurricanes, illustrated in Figure 7-3, continues to kill thou-
sands of people living in low-lying coastal areas around the world. In 1973, the 
floodwaters of a 23-foot storm surge from a cyclone drowned more than 300,000 
people in Bangladesh. In 1991, a cyclone in the same area killed 140,000. But the 
death toll in the United States has dropped off dramatically in recent years. This is 
the big payoff for better forecasting and coordinated evacuation of the coastline. 
While property damages have shot upward, the buildings and houses are empty — 
lives lost now are far fewer. But experts agree that part of the statistics is a matter 
of dumb luck. Intense hurricanes making landfall in populated areas of the United 
States have been few and far between in recent decades. But dumb luck gets you 
only so far in the weather business.

Winds
Damaging winds spread the destructive force of a hurricane far and wide. They 
begin long before the storm surge or the eye of the hurricane come ashore and last 
long afterward. As Hurricane Hugo proved in 1989, hurricane winds can cause 
heavy damage very far inland. Its wind gusts near 100 miles per hour, which may 
have been from a tornado spawned by the hurricane, caused heavy damage 175 
from the coast in Charlotte, North Carolina.

Winds of hurricane force, 74 miles per hour or greater, can extend outward from 
the eye for 25 miles for a small hurricane and to more than 150 miles for a large 
hurricane. Beyond these winds, powerful tropical storm-force winds, 35 to  
73 miles per hour, can stretch out as far as 300 miles from the center of a large 
hurricane.
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FIGURE 7-3: 
How storm surge 

takes shape along 
a coastline.
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The speed of wind is fairly easy to get a grip on. All kinds of anemometers are 
around to do the job (these instruments are described in Chapter 16), although it’s 
hard to find one that will stand up to the winds of a hurricane. But the power of 
wind, the pushover power, is a tricky thing to measure. The wind pressure against 
a surface increases quicker than the wind speed. Category 4 hurricane winds 
blowing at 148 miles per hour aren’t going to do twice the damage of a Category 1 
74-mph winds, but more like 100 times the damage.

For several years now, weather scientists have been taking a closer look into the wind 
flows of hurricanes to get a better grip on the damage they do. The wind motions 
turn out to be more complicated that the circulation pattern that most weather sci-
entists had in mind not long ago. Tornado expert Ted Fujita looked closely at the 
damage done in 1992 by Hurricane Andrew in southern Florida and found that the 
worst damage of Andrew was done by powerful whirlwinds inside the bigger hurri-
cane circulation. At maybe 10 miles across, they are smaller than the hurricane, of 
course, and maybe ten times wider than a big tornado. Winds inside these small 
eddies that spin off the eye wall of the hurricane reach speeds of 200 miles per hour.

Tornadoes
The big thunderstorm clouds of hurricanes can threaten the countryside with  
tornadoes for days after the big storm comes ashore. While some tornadoes take 
shape near the eye wall, tornadoes are more likely to form at the fringes in  
the long spiral rain bands many miles from the center of the storm. The more 
intense the hurricane, the more likely it is to threaten tornadoes. Chapter 9 goes 
into the details about tornadoes.

Flooding rainfall
Apart from the lethal storm surges they create, hurricanes dump huge amounts of 
rain, often producing severe flooding. In fact, more than winds, inland flooding 
has been the main cause of hurricane-related deaths in the United States in the 
last 50 years. A typical hurricane brings 6 inches to 12 inches of rainfall. Heaviest 
rains come six hours before and six hours after a hurricane comes ashore, although 
it can continue to dump heavy rainfall long after it has begun to deteriorate. The 
biggest rains occur in hurricanes that move fairly slowly, less than 10 miles per 
hour, or even stall out.

Two of the greatest rainfall disasters in the United States came in 2017 with  
Hurricane Harvey, which dumped 32.47 inches of rain on Houston, Texas, and in 
2018 with Hurricane Florence, which brought 35.93 inches of rain to  Elizabethtown, 
North Carolina. Don’t look now, but recent studies suggest that, with our chang-
ing climate, hurricanes are becoming more water-ladened and are moving more 
slowly after making landfall.
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Forecasters have a major problem on their hands predicting the amounts of rain-
fall during a hurricane. Its powerful winds are whipping over the landscape and 
changing the lower atmosphere’s circulation constantly. Forecasters have a whole 
flock of circulating thunderstorms spiraling toward them in one big, thick band 
after another. With help from Doppler radar and monitoring aircraft, some overall 
estimates can be made. But like a lot of things about hurricanes, it’s hard to be 
very right and easy to be very wrong. Some tropical storms can unload rainfall 
that is measured in feet rather than inches.

HURRICANE MITCH
It started as a tropical depression on October 22, 1998, just another shapeless blob of 
clouds in the southern Caribbean Sea. Within a day it was a tropical storm and given the 
name Mitch. Within four days, it was a Category 5 hurricane, a monster storm carrying 
winds of 180 miles per hour and gusts of more than 200 mph. For all that power, how-
ever, Hurricane Mitch will not be remembered for its winds.

The torrential rains of that great storm killed more than 11,000 people in Central 
America the last six days of that October. Just how big the toll of death will never be 
known. Years after the hurricane, thousands of people in Honduras and Nicaragua 
remained unaccounted for. And for years afterward, deep scars were everywhere 
across the mountainous countryside. In Honduras, most major bridges and secondary 
roads were washed out and many whole villages were swept from the mountainsides. 
Estimates were that it would take 15 years to 20 years just to rebuild basic public ser-
vices in the impoverished nation.

Total rainfall in some mountain areas totaled more than 6 feet — 75 inches — from 
Hurricane Mitch. The mountainsides literally dissolved under the torrents. Mitch stalled 
for days over the narrow strip of mountains. Its circulation pulled big tropical flows up 
from the tropical Pacific as well as the Caribbean. Even as its wind strength faded, the 
effect of the moist air flowing up both sides of the mountains created a continuous 
bomb of rainfall.

The deadliest Atlantic hurricane in more than 200 years finally drifted off into the Gulf of 
Mexico, regained strength, and on November 4 it pounded the Florida Keys with tropical 
storm winds and heavy rains.

Then along came 2020 and hurricanes Eta and Iota. The lives lost were fewer than 
Mitch, but the economic damages were horrendous. Insurance estimates say Eta did a 
record $6 billion in damage — 24 percent of the economy of Honduras — and Iota took 
out another $1.3 billion. Chapter 13 goes into detail about the effects of our changing 
climate on major weather disasters.
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Signals of the Seasons
Weather scientists can’t tell exactly how many hurricanes are going to form in the 
Atlantic basin, or anywhere else, one year to the next, and they can’t tell in 
advance how many are going to make landfall, or where they will come ashore. 
What they can tell beforehand is this: It looks like it’s going to be a busy hurricane 
season, or it looks like it’s going to be quiet, or it looks about average. Forecasters 
even include specific numbers of hurricanes and tropical storms in their seasonal 
forecasts. These numbers are interesting to insurance companies, although my 
people at the Go Figure Academy of Sciences tell me they are not the kind of thing 
you would expect to take to the bank.

The problem with seasonal forecasts for Atlantic basin tropical storms and hur-
ricanes is that the numbers are so small. When you’re counting things on the 
fingers of one hand, it’s hard to make statistical cases stick. You know, 20 is only 
about 5 percent more than 19, but 2 is 100 percent more than 1.

The long-term yearly averages for the Atlantic basin look like this: 9.3 tropical 
storms, 5.8 of them are hurricanes, and 2.2 of those are intense or major hurri-
canes. How about the really big question you want answered, the likelihood of a 
hurricane hitting home? About five hurricanes hit the U.S. coastline, somewhere 
from Texas to Maine, every three years. That’s 1.67 per year.

From one year to the next, the numbers jump around like souped-up hotrods. It’s 
hard to be right and easy to be wrong. Like: “I think there is going to be one major 
hurricane this year, but there could be two. And three, of course, is not out of the 
question.” And then along comes a monster like an Andrew in 1992 or a Mitch in 
1998, and suddenly the yearly averages look pretty darned beside the point anyway.

HURRICANE KATRINA
One of the most deadly and damaging natural disasters to strike the United States was 
a 2005 hurricane named Katrina. It struck in August as one of the biggest and strongest 
hurricanes in U.S. history and practically wiped out the city of New Orleans, Louisiana.

The great storm surge overwhelmed the city’s system of protective levees. Some 1,833 
people were killed. Millions were left homeless along the Gulf Coast states of Louisiana, 
Mississippi, and Alabama. Thousands of residents never returned to New Orleans.

The disaster and its aftermath focused public attention on slow and disjointed federal, 
state, and local government rescue and rehabilitation efforts and on the region’s inade-
quate system of flood protection.
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Researchers are getting a pretty good handle on how changes in some large-scale 
climate conditions affect seasonal activity of hurricanes in the Atlantic Ocean, the 
Caribbean, and the Gulf of Mexico. The five-dollar word for most of these is oscil-
lations, which are see-saw patterns of temperatures or other features in the 
atmosphere or ocean.

The Pacific Ocean warming known as El Niño, which Chapter 12 lays out, really 
puts a damper on Atlantic hurricanes. Its warm waters in the eastern Pacific create 
strong westerly winds that rip the tops off of tropical depressions before they 
reach hurricane strength. La Niña, El Niño’s sister, is the name for extra-cool 
Pacific Ocean surface temperatures and has the opposite effect, prompting more 
hurricanes than usual.

HURRICANE MODIFICATION
What if we could change hurricanes? Cut ’em off at the pass. Zap them in some way to 
stamp out their winds. Or steer them back out into the open ocean. The weather scien-
tists who figured out how to make hurricanes less dangerous to people would be real 
heroes.

Off and on, scientists have been chasing this idea for many years. Here are a few things 
they have tried — or thought about:

• How about nuking them with a bomb? Just blow them to smithereens. This was a 
big idea in the 1950s, before the dangers of nuclear fallout were well understood. 
Nobody really tried it. Even if it worked perfectly, trading a hurricane for a radiation 
cloud circling Earth in the tradewinds does not sound like a bargain.

• How about seeding their clouds? Drain their clouds of water, and so weaken their 
winds. This strategy was tested for about 20 years, but finally — to make a long 
story short — scientists decided that it didn’t work.

Now scientists are looking into the idea of spreading a chemical on the ocean that 
would make it hard for the hurricane to suck up the heat energy that it gets from the 
sea. But so far, nobody has come up with the right chemical.

In the meantime, it looks like the threat of hurricanes is something that people who live 
along the coastline from Texas to Maine are going to have to live with, hunker down 
against — or move away from.
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Hurricane seasons seem to go along at one level of activity for 20 years or more, 
and then they shift into another gear. These patterns of seasonal variation have 
been linked to a variety of causes, including rainfall in western Africa, the direc-
tion of winds in the stratosphere over the Tropics, and other temperature and 
pressure oscillations. However active the season, the history of hurricanes has 
proven more than once that it takes only one storm to cause disaster.

Around the world, 2020 set a record with 50 weather disasters with damages of  
$1 billion or more. Chapter 13 goes into detail about the role of climate change in 
all of this.

Cruisin’ for a Bruisin’
Hurricanes are weather’s greatest storms and are the biggest single threat to life 
and property in the United States. Already, hurricane science has much improved 
in the last several years, but in two important ways, the threat has grown bigger 
rather than smaller.

 » For one thing, a new long-term trend toward more hurricanes seems to have 
kicked in. The United States can expect more hurricanes each season, on 
average, than were likely a few years ago.

 » For another thing, the country has made itself more vulnerable in recent 
years. People continue to move more and more of their homes and busi-
nesses and bodies into the paths of hurricanes.

Circumstances have reached this unfortunate point:

The time that it takes to evacuate some crowded coastal communities is longer than the 
time for which accurate hurricane forecasts can be made.

Although many hurricane scientists feel like they are fighting losing battles 
against these trends, they know that a lot of public interest is focused on the 
progress of their research. Forecasters and researchers are throwing everything 
they can into the job of following and figuring out these great storms — the best 
tools and some of the hardest thinking.

The following sections describe their most important tools.
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Satellites
While the hurricanes are still far out at sea, forecasters rely on direct observations 
from ships and instruments on ocean buoys, but indirect measurements from sat-
ellites are their main tools. These satellites orbit 22,000 miles above the Equator 
at the same rate as the Earth’s daily rotation, so always they hover over the same 
patch of the planet.

Their Big Picture images allow forecasters to track storms night and day all over 
the Atlantic basin. These images are the first important clues to the formation  
of these storms as well as their location, size, and intensity.

Aircraft
As the storms move closer to land, direct measurements are made by “Hurricane 
Hunter” airplanes.

Routinely, the U.S.  Air Force Reserve uses a specially equipped flight of C-130  
aircraft to monitor approaching hurricanes. Their pilots fly into the core of the 
storm. Specialists aboard these planes drop instrument packages through  
the storms that radio back accurate information about the location of its eye, the 
strength of its winds, the direction and pace of its progress and other important 
features such as air pressure, temperature, and humidity.

The National Oceanic and Atmospheric Administration also has two special  
hurricane-probing planes, including a high-altitude jet, that are designed for 
research.

Radar
As the storms get within about 200 miles of the coastline, land-based weather 
radar begins to give forecasters important indirect measurements. The new Dop-
pler radars give forecasters valuable images that give details about the internal 
structure of the storm  — its wind fields, and how they change as a hurricane 
approaches land.

Computer models
Forecasters are increasingly relying on computer models to help them forecast the 
intensity of the hurricane and its movement. Detailed information from all the 
satellite sensors, and aircraft instruments, radars, ships, and buoys continuously 
pours into the computer models. Using a technique called ensemble forecasting 
(described at Chapter 2), forecasters use the results of a group of forecasting mod-
els to help them zero in on landfall locations as hurricanes approach the coast. 
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The cone-shaped pathways outlining the potential track of an oncoming hurri-
cane are the handiwork of ensemble forecasting. At the National Hurricane Center 
in Miami, forecasters also use a special computer model devoted to forecasting a 
hurricane’s storm surge.

Coming Ashore . . . But Where?
When a hurricane moves over land, usually it marks the beginning of the end for 
the big storm, because it is cutting itself off from its fuel supply — the warm 
water of the ocean. Unless it crosses back over warm ocean water at some point, 
eventually it will run out of gas.

Of course, this fact offers no comfort at all to the unlucky people whose homes and 
businesses lie in its path, or track. A hurricane is such a large storm, and the 
momentum of its circulation is so great, its winds and torrential rains can wreak 
havoc far inland from the seashore for several days. Long after it has weakened 
below the speed limits of a hurricane, a tropical storm still can swamp the coun-
tryside with flooding rains. Some dissipating hurricanes get caught up in other 
mid-latitude storm circulations that Chapter 8 describes.

The Big Picture
The Big Picture of the way hurricanes travel over long distances is not very com-
plicated. They travel from east to west in the flow of the tradewinds both north and 
south of the Equator. And along the way they get caught up in other wind circula-
tions and ocean currents that cause them to veer toward the poles and eventually 
slant back around toward the east. In the North Atlantic, for example, the tracks of 
tropical storms and hurricanes often curve northward in the wind flow around the 
Bermuda High and follow the warm waters of the Gulf Stream into the Gulf of 
Mexico or up the Atlantic coast. In the eastern North Pacific, the U.S. West Coast 
almost never encounters hurricanes. The tradewinds blow developing tropical 
storms away from the mainland, and those that do manage to turn northward run 
into the cold waters of the California Current that saps their strength.

But when a hurricane is on the way, people along the coast don’t give a hoot about 
the Big Picture. Really knowing where and when a hurricane is going to move 
inland — that is terribly important information. First and foremost, when a hur-
ricane is coming ashore, this is what you and I want to know:

 » Is it going to hit me, or is it going to miss me?

 » How much time have I got?
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Answering these vital questions about the direction of its track and the pace of its 
advance are the kinds of things about hurricanes that keep weather forecasters 
awake at night. You might think that telling where such an enormously large 
storm is coming ashore would be a piece of cake. After all, it’s been out there chug-
ging along in plain view for several days now, and there it is in the satellite photo, 
bigger than life, just off the coast. Like just about everything about hurricanes, 
however, predicting the exact track that it will take and exactly when it will move 
on shore is a lot harder than it looks.

Tracking the track
Hurricanes don’t move at steady paces, and they don’t move in straight lines. 
They stop and start and zig here and zag there all along the way. Figure 7-4 shows 
some sample hurricane tracks that give you a pretty good idea of the problem that 
forecasters face. It’s a little like a long-distance airplane flight. A mile or two one 
way or another doesn’t mean very much until you approach your destination. And 
by the time you’re over the airport runway, you’re thinking about distance in a 
completely different way.

The closer a hurricane gets to land, the more exact you want to be about the track it 
will take. Figuring out those next several hours, those next several miles doesn’t 
come easily. This is not a plane skidding on the runway or a train pulling into the 
station. Scientists who have studied the forward motion of hurricanes say that for 
all the sound and fury, it moves like a fallen leaf carried along the surface of a 
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flowing stream. And when it starts bumping into the land, the progress of a hurri-
cane can become even more unpredictable. For one thing, the land is a new friction 
layer than can change the speed and direction of its winds. For another, weather 
systems and winds flowing from the land can complicate the picture even more.

Slowly but surely, forecasters are making progress refining their predictions of 
the tracks of land-falling hurricanes. On average, errors in the 24-hour track 
forecasts have been dropping about 1 percent per year, according to a recent study. 
This doesn’t sound like much, but it’s the kind of thing that accumulates impres-
sive gains over the years. In 1970, the expected error in the 24-hour forecast was 
140 miles, and now it’s down to about 100 miles.

And the pace of progress may be picking up. “Hurricane hunter” airplanes now 
drop instruments through the storms that use the satellite-based Global Position-
ing System (GPS) to get a more accurate fix on the hurricane. And a new computer 
model that combines ocean and atmospheric data promises to more accurately 
mimic the complicated feedbacks inside a storm that affect its track and intensity.

In Harm’s Way
When a hurricane is threatening a populated stretch of coastline, weather forecast-
ers in the United States can find themselves in a real bind. High-priority public 
safety issues are making heavy demands on their science. Sure, computer models, 
better data, and smarter science are slowly improving their ability to figure out 
where the storm is going to come ashore. At the same time, however, Mother 
Nature and human nature seem to be making things harder for them every year.

A long-term pattern of relatively quiet hurricane activity in the North Atlantic 
seems to have come to an end in the mid-1990s. Climate has gone through a shift, 
and wind, rainfall, and ocean conditions that scientists think promote tropical 
storm formation are more frequently falling into place. Forecasters find them-
selves dealing with more tropical storms and more hurricanes in the region than 
they have seen since the 1960s.

Meanwhile, all through those quiet decades, the populations of coastal communi-
ties from Texas to New England have grown dramatically. The world over, people 
like to live along coastlines. So even while the number of lives lost to hurricanes 
in the United States has declined over the years, now the stakes are much higher 
than they used to be. Many more people are in harm’s way. And much more 
expensive real estate development is at risk.
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Today, nearly 50 million people live along the hurricane-prone coastlines of the 
Gulf of Mexico and Atlantic Ocean, and the population continues to climb. And 
experts estimate that as many as 90 percent of these people have never experi-
enced the real destructive power of a major hurricane. In addition to these perma-
nent residents, thousands of vacationing tourists swell the population that is in 
harm’s way.

Barrier islands
Of special concern to weather scientists and public safety officials are those folks 
occupying the low-lying strips of sand that form a protective fringe of barrier 
islands off the Atlantic and Gulf coasts. Many of these islands, which are sepa-
rated from the mainland by lagoons, have been extensively developed with dense 
populations living in condominiums and resort hotels. The seaside Florida city of 
Miami Beach, for example, is built entirely on a barrier island. When hurricanes 
come ashore, residents and their properties on barrier islands can be doubly at 
risk. Swelled by the winds and tides, a big storm surge can overtake this low, nar-
row strip of sand. At the same time, escape routes from these islands are limited, 
so evacuations take more time.

This added congestion along the seashore means that not only are more people at 
risk, but they need more advance warning than they used to require. Mass evacu-
ations take a lot more time in densely populated areas. So the 24-hour forecast is 
no longer enough. The public wants longer-term forecasts, and of course, they 
want them to be accurate. But there is a trade-off about weather forecasts every-
where that is even more painfully true about forecasting hurricanes — the longer 
the forecast period, the bigger the errors.

When a hurricane is coming your way, here are the two levels of public announce-
ments you are going to hear:

 » Hurricane Watch: Hurricane conditions are possible in the area, usually 
within 36 hours. Prepare to take immediate action to protect your family and 
property in case a Hurricane Warning is issued.

 » Hurricane Warning: Hurricane conditions are expected in the area, usually 
within 24 hours. Complete all storm preparations and evacuate if directed by 
local officials.
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Playing it safe
Put yourself in the shoes of a top weather forecaster at the National Hurricane 
Center in Miami as an intense hurricane approaches a populated stretch of U.S. 
coastline. Here’s the situation you face:

You have so many people at risk. They need so many hours of lead time to secure 
their property, to gather their belongings, and to safely evacuate their communi-
ties before the winds get too strong. You have only limited confidence in your 
ability to be certain about exactly when and where the big storm is coming ashore 
during the next several hours, and how powerful it is going to be at the time. Nat-
urally, you want to protect everyone from the dangers ahead.

Under the circumstances, you are inclined to build a large margin for error into 
your calculations — to play it safe for everyone involved. So your impulse is to 
designate an area to receive emergency warnings and evacuation procedures that 
is much bigger than the storm. In the name of public safety, you are being espe-
cially cautious and covering every possibility. Who is going to fault you for being 
too safe?

The overwarning problem
After the passage of a major hurricane, two groups of people are interested in the 
value and accuracy of the weather forecasts and the warnings and evacuation 
orders that were issued. There is the group whose homes and businesses were 
damaged or destroyed by the big storm and who may very well have been saved 
from injury and possibly even death by the action that was taken. And then there 
is everybody else. While the smaller group of victims is preoccupied with problems 
of damage and repair, everybody else has time to contemplate the costs and 
inconveniences of the big evacuation.

Hurricane warnings come at a high price in lost economic activity as well as direct 
costs of damage preparation, transportation, and other public safety expenses. 
According to the American Meteorological Society, estimates vary between 
$500,000 and $1 million for every mile of coastline covered by hurricane warnings 
issued in the United States. At the same time, the state of the science of hurricane 
forecasting requires that warnings issued 24 hours in advance of a hurricane 
coming ashore cover an average of 400 miles of coastline. And yet, the typical 
damage path is about 100 miles. This means that three-quarters of the area of a 
hurricane warning is “overwarned.” On average, hurricane warnings cost the 
United States $400 million a year. The price of “underwarning” — of so reducing 
the area of warning that the track of destruction falls outside of it — is increased 
property destruction, and almost certainly more injuries and deaths.
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There may be another cost of overwarning that is harder to estimate than the 
economic burden it imposes. As longer periods of lead time have been required to 
evacuate heavily population areas, the extent of overwarning has been on the rise. 
Overwarning translates into more false alarms for most people who are asked to 
respond to hurricane warnings and to evacuate their homes. Some weather fore-
casters and emergency managers worry about the public’s reaction to this trend of 
more frequent false alarms. They wonder: Will the public lose confidence in the 
hurricane warning system, and so fail to respond to future warnings?

Hurricane Force
Hurricanes are rated according to the speed of their sustained winds and resulting 
potential property damage. This is the hurricane’s intensity, and even though 
storm surge and rainfall have proven to be more lethal hazards, wind speed is 
taken to be the measure of a storm’s power to cause destruction over the 
countryside.

The Saffir-Simpson Hurricane Scale (see Table 7-1) is used to rank the storms 
according to their wind speeds, and certainly, the hurricane force of winds is 
nothing to sneeze at. But it is not always the best way to measure the danger of a 
hurricane. For example, a Category 4 hurricane is seen as more dangerous than a 
Category 3 hurricane, although it is not necessarily a larger storm. Wind speed or 
intensity apparently doesn’t have much to do with size. A big storm with slower 

GALVESTON 1900
The people of Galveston, Texas, had no idea what was about to hit them. Storm warn-
ings has been posted by the Weather Bureau for the Gulf Coast, but there was no hurri-
cane in the forecast for Galveston for September 8, 1900. In 24 hours, at least 8,000 
people were killed, and thousands more were injured and made homeless in the most 
deadly natural disaster in U.S. history.

The most lethal hazard of the hurricane was not the winds. Most people died from 
drowning in the storm surge. Galveston was built on a low-lying strip of sand known as 
a barrier island, and the city was completely swamped by the great tidal bulge that was 
swept ashore by the winds.

The true death toll will never be known. Whole families were wiped out. Thousands of 
bodies were strewn through the wreckage, and for days afterward they were piled up 
and burned.
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winds could endanger many more people than a smaller, more intense hurricane. 
Also, the pace of a storm’s forward progress sometimes can be more important 
than the speed of the winds whipping around it. A hurricane that slows or stops in 
its track over an area of land can do far more damage from flooding than a more 
intense storm that moves through at a clip. In fact, a tropical storm does not even 
have to reach the intensity of hurricane-force winds to seriously threaten people, 
most often with flooding.

Hurricane intensity is another one of those slippery problems in weather science. 
As the saying goes among researchers, it is not well understood. The speeds of the 
winds always seem to be changing — slowing down here and now, speeding up 
there and then. Sometimes weather scientists can point to such things as changes 
in ocean surface temperatures as explanations for these shifts in wind speeds. 
Other times, they don’t have a clue.

Predicting intensity is a major focus of hurricane research. Weather forecasters 
have only to remind themselves what happened with Hurricane Opal in 1995 to 
know how big a problem they have and how far they are from solving it. It was the 
kind of experience that gives hurricane forecasters nightmares.

On October 3, Opal was a Category 1 storm, with 90-mile-per-hour winds, drift-
ing slowly northward through the Gulf of Mexico toward Pensacola, Florida. Fore-
casters went to bed that night confident that Opal would a make landfall as a 
Category 2 hurricane the night of October 4.

TABLE 7-1	 Saffir-Simpson Hurricane Scale
Category Wind Speeds Likely Effects

1 74–95 mph  
(119–153 km/h)

Damage limited to unanchored mobile homes, shrubbery, and trees. Some 
coastal road flooding and minor pier damage.

2 96–110 mph  
(154–177 km/h)

Some roofing material, door, and window damage to buildings. Damage to 
vegetation, mobile homes, and piers. Small crafts in unprotected anchor-
ages break moorings.

3 111–129 mph  
(178–208 km/h)

Structural damage to small residences and utility buildings. Mobile homes 
are destroyed. Coastal flooding destroys smaller structures and larger struc-
tures damaged by floating debris. Possible inland flooding.

4 130–156 mph  
(209–251 km/h)

Extensive wall failures and some complete roof structure failure on small 
residences. Major beach erosion and damage to lower floors of structures 
near the shore. Terrain may be flooded well inland.

5 157+ mph  
(252+ km/h)

Complete roof failure on many residences and industrial buildings. Some 
complete building failures. Small utility buildings blown over or away. Major 
damage to lower floors of all structures near shoreline. Massive evacuation 
of residential areas may be required.
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Overnight, however, Opal jumped to a Category 4 hurricane with winds of  
150 miles per hour and tripled its forward speed, accelerating toward the Florida 
coast at 20 miles per hour. Suddenly that morning, forecasters not only had a 
dangerous hurricane on their hands, but the evacuation time had been cut. Build-
ing toward Category 5, Opal was coming ashore at 5 p.m. that day. Fortunately, 
Opal faded just as suddenly to a weak Category 3 hurricane before making landfall. 
Opal caused several deaths and $3 billion in damage.

HURRICANE ANDREW
Hurricane Andrew in 1992 was one of the most devastating hurricanes to strike the 
United States. The vital statistics say a lot about the two big changes in the way hurri-
canes are affecting the United States.

• Better forecasts and warnings are saving many lives. While 53 people died, the 
death toll was much smaller than it would have been years ago.

• But many more people are living in harm’s way. Property damage came to about 
$30 billion. It was the most costly natural disaster in U.S. history at the time.

Andrew came ashore the morning of August 24, south of Miami Beach, Florida. It took 
three hours to cross extreme southern Florida in the morning, completely levelling the 
town of Homestead. It continued west into the Gulf of Mexico, and two days later took a 
sharp northward turn into Louisiana.

Wind gusts were clocked at 175 miles per hour, but sustained winds measured 145 miles 
per hour, making Andrew a Category 4 hurricane. Its storm surge was 17 feet into 
Biscayne Bay. Unlike many hurricanes, Andrew caused more damage from its winds 
than its storm surge.

Andrew destroyed or damaged more than 200,000 homes and businesses. It left more 
than 160,000 people homeless. One million people in Florida and 1.7 million in 
Louisiana and Mississippi were evacuated from their homes.

For all its power and destruction, Andrew was a relatively small hurricane, its rainbands 
reaching out only 100 miles from the eye.

And forecasters say that if its track had been just a little different, things could have 
been far worse. Andrew’s eye passed about 25 miles south of Miami Beach. If Andrew 
had come ashore just 20 miles farther north, according to two estimates, property dam-
age would have been more than $60 billion.
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Chapter 8
The Ways of Winter

Most everybody knows winter. They may be a little vague about what to 
expect of autumn from one year to the next, and spring can be pretty 
much anybody’s guess. Most years, as the seasons go, winter has a per-

sonality that is hard to mistake. But the funny thing is, more than any other, 
winter is a season with multiple personalities. Not only is it different from year to 
year, but it shows a different face to every region in the country. Around the United 
States, this winter that we are so familiar with is so different from place to place, 
it is hardly recognizable as the same season.

In some parts of the United States, folks are hunkering down for the winter before 
a lot of people elsewhere have given it much thought. Eventually, of course, the 
season gets most of the country in its clutches, one way or another. Not everyone 
is equally impressed, so different are the ways of winter. To some, it is a life-
threatening experience that has literally run them out of town. To others, winter is 
merely an inconvenience. And there are people in southern California, basking in 
their desert climate, who think of winter as a television show or a place you go visit.

This chapter gets into the nitty-gritty details of the season. It describes the mak-
ing of the winter storms known as mid-latitude cyclones and how they affect dif-
ferent regions of the country. It examines the season from San Diego to Seattle 
and from Miami to Maine. The Big Picture reason for the seasons — the tilt of the 
Earth — is something Chapter 3 describes. And Chapter 12 goes into the climate 
conditions, such as El Niño, that can make one winter in much of the world dif-
ferent from the next. This chapter holds winter up to the light and the magnifying 
effects of a mirror that is used for shaving or putting on makeup and watches its 
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many faces change. It’s a fine season, mind you, and I wouldn’t want to go  
without it, but you have to admit, sometimes winter is a little crazy in the  
United States.

Winter’s “Official” First Day
No wonder winter seems a little crazy! Look at what happens in the United States 
when December is three weeks old: The snow has been falling for who knows how 
long. Where it hasn’t been snowing, the rains have been coming in. It’s colder 
than the dickens in many parts of the country, and it’s beginning to feel like it’s 
been like this forever. And along comes somebody to tell you on December 21 that 
the “official” first day of winter has arrived. I don’t know about you, but no mat-
ter what kind of winter I’m in for, I’ve pretty much got the hang of it by the time 
December 21 rolls around. So what goes on here? Is this government work? The 
truth is, there’s nothing official about it, and as you may suspect, it has nothing 
to do with weather here on Earth that day.

This is an astronomer’s idea. It has to do with Earth’s tilt that Chapter 3 describes. 
On this day, the effect of Earth’s tilt is at the maximum — or more accurately, the 
minimum (see Figure 8-1). On December 21 or 22, the Sun’s heat energy reaching 
the lands and waters of the Northern Hemisphere is at its lowest of the year. 
Often, this is referred to as the “shortest day,” meaning not that it has fewer 
hours, of course, but that it has fewer hours of sunlight than any other day. Since 
June 21, the arc of its daily pass through the sky has been dropping farther and 
farther toward the southern horizon, and on this day, the winter solstice, it stops. 
The Latin word solstice means “Sun stands still.” It has gone as far south as it’s 
going to go.

FIGURE 8-1: 
Earth’s tilt gives 

the Northern 
Hemisphere 

minimum 
exposure to 
sunlight on 

Dec. 21.



CHAPTER 8  The Ways of Winter      149

Why anyone would think of this as the first day of winter, I have no idea. But let 
the astronomers think what they will. Astronomers will tell you, by the way, that 
the Northern Hemisphere’s winter lasts precisely 88.99 days. At the Go Figure 
Academy of Sciences, some of my best friends are astronomers, but, you know, I 
give them space. These are people with stars in their eyes. When it comes to 
weather, I say go with the people who have their heads in the clouds. The weather 
scientists know, and you and I know, how long winter has been around by Decem-
ber 21. We feel it in our bones.

It’s a Temperature Thing
Winter is when it gets cold. As the arc of the Sun has slanted farther and farther 
south, the polar air masses have been migrating deeper and deeper down over the 
Northern Hemisphere’s middle latitudes, where most people live. This migration 
of cold air is what makes winter what it is: a battle of warm and cold air masses. 
The battleground stretches clear across the country. What you feel in your bones 
is the fact that for quite some time there, the cold air has seemed to be winning 
every battle, gaining more and more territory over the warm.

If you had to pick a single day, people in most areas in the United States would say 
that winter begins December 1 and continues through the end of February.  
Australians and other residents of the Southern Hemisphere have a completely 
different take on this, of course.

In the coldest parts of North America, however, the people who really know winter 
better than anybody say it begins when the daily average temperature falls below 
freezing (see Figure 8-2). That would be the last ten days of November over most 
of the north, but in places like northern Minnesota and North Dakota, it would be 
the first ten days of November. Across a big swath of the country from eastern 
Massachusetts to Arizona, these temperatures aren’t reached until December 15. 
And in much of the South and the West Coast, those kinds of temperatures are 
never reached — daily average temperatures never fall below freezing.

Does winter begin when the snow first flies? It does for some folks. Nothing more 
dramatically changes the feeling of the season or more beautifully transforms the 
landscape than the first layer of snow to cover the ground. Along with this big 
shift comes the eager hope that a good skiing season is on the way. The first snow 
falls as early as September in the Rockies, in October or early November in the 
northern and mountain states, or late November or early December in the stretch 
from New England to the Mississippi River.
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Every winter season has its own personality, and hardly a season goes by without 
some surprising shifts in patterns of temperatures or storms. Some winters come 
early, and some years it seems to be waiting for Christmas. Many years, in many 
places, the pattern of winter has shown its face by late November. The major 
storm tracks have become established across the northern tier of the United States 
and are populated with systems bringing snow and wind to the upper Midwest, 
the Great Lakes, and Northeast. Along the West Coast, the track of wet and windy 
Pacific storms has pushed south into California.

Coast to Coast
The fact that winter is colder and longer in the northern United States than it is in 
the southern part of the country is not the only important difference in the sea-
son, but it’s a good place to start. After all, if it were not for this uneven distribu-
tion in the heat energy from the Sun between the Tropics and the polar regions, 
Weather For Dummies would be a pretty thin book. No other season brings out these 
differences as dramatically as winter.

North to south across the country, the pattern of January’s average temperatures 
are about what you would expect. Up in International Falls, Minnesota, for exam-
ple, January temperatures average 3 degrees Fahrenheit. Down in New Orleans, 

FIGURE 8-2: 
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Louisiana, it’s likely to be 55 degrees on the same day. Out on the West Coast, the 
same pattern shows up: An average January day up in Seattle will see tempera-
tures hit 44 degrees, while down in Los Angeles, it’s 64 degrees. But notice some-
thing else: The huge difference in temperatures between the northern cities of 
Seattle and International Falls. Something else is at work.

Between the western third of the United States and the eastern two-thirds is a 
world of difference when it comes to weather. Think of it this way: In the western 
third, winter weather is controlled by the prevailing westerly winds that come 
riding in from the Pacific Ocean. The key is the ocean. In the eastern two-thirds, 
winter weather is more often controlled by clashes over the middle of the country 
between the cold continental air masses from the north and the warm moisture 
from the Gulf of Mexico and the Atlantic. The key is the land.

In most of the West, most of the region’s precipitation arrives during winter (see 
Figure 8-3). East of the Rockies, precipitation is spread more evenly across the 
seasons.

FIGURE 8-3: 
Annual amounts 

of precipitation 
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United States.
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Here’s a thumbnail look at what winter usually is like — coast to coast — in dif-
ferent regions around the United States:

 » In the Pacific Northwest, from western Washington, down through Oregon and 
far northern California, winters are rainy and mild along the coast and snowy 
and cold in the mountains. Farther south through California, winters steadily 
get warmer and less rainy.

 » In the Southwest, the great American Desert, winter is a time of only occasional 
rain, long spells of fair weather, and almost always mild temperatures, 
although high elevations see cold temperatures and snow.

 » The Great Basin between the Sierra Nevada and the Rockies feels cold, dry 
winters in the north, and warm and dry winters in the south. In the rain-
shadow of the Sierra Nevada, it’s annual rainfall averages only 6 to 12 inches.

 » In the Rockies, along the great mountain range that divides the country from 
Canada to Mexico, the western slopes wring still more moisture out of the 
Pacific storms flowing in from the west. Valleys are dry and cold, and high 
elevations get heavy snowfall and cold temperatures.

 » Across the Great Plains, the vast stretch of prairie and grassland feels the 
windy, frigid blasts of polar air from the north. The southern Plains get storms 
when this cold mixes with warm, moist air from the south. The northern 
Plains can get blizzards from intense low pressure that develops east of the 
Rockies.

 » From the Midwest to New England, what most often falls from the winter 
storms is snow, which covers the frozen ground for several months. Here are 
the most storms and the longest and often the most ferocious winters of any 
region in the United States.

 » The Eastern Seaboard, from Virginia to Massachusetts, may see more varieties 
of the winter than any region in the country. Some years, it’s more often on 
the “warm side” of storms that ride up through the Ohio Valley. Other years, 
more often it’s on the “cold side” of storms that come up the Atlantic Coast, 
carrying heavy snow and moisture from the Gulf of Mexico.

 » Winter in the Southeast, from the Carolinas to Louisiana, is usually mild and 
relatively dry, as the seasons go in this warm and rainy region. But hardly a 
winter goes by without a few cold snaps, occasional snowfall, and even ice 
storms.
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Storms of Winter
The Sun’s role in the progress of winter is as regular and reliable as Earth’s orbit, 
of course, but the movement of cold northern air farther and farther south over 
the Northern Hemisphere is not so evenly paced. It starts like a series of midnight 
raids and ambushes, gaining ground on a town here, a county there, and breaks 
out into full-scale nationwide warfare before winter is done. Farther and farther 
south it comes, entrenching itself behind the fronts of battle. By about the third 
week of January, on average, the cold air and its jet stream and the storms have 
migrated as far south as they are going to go. These are generally the coldest days 
of the season and often are the stormiest.

The storms of winter that get the whole country’s attention are the sprawling 
giants that sweep across the United States in a matter of days before they finally 
trail out into the North Atlantic. They are bigger than any other storms. Every 
region of the country feels the effects of the biggest dead-of-winter systems. 
Many days of winter, on any weather map, you can see their angled fronts, like 
limp legs, 1,000 miles long, scissoring across the landscape. When they’re talking 
among themselves, meteorologists call them mid-latitude cyclones. These enor-
mous hook-shaped creatures are very different from the tropical cyclones 
described in Chapter 7.

Mid-latitude comes from their location, of course, which Chapter 3 describes. (If 
you live in the continental United States, mid-latitude refers to the “lower 48.”) 
Cyclone comes from the flow of the winds rotating around their centers of low 
pressure. This coil combines with the sharp edge along the backside of their long 
cold fronts to form a giant comma of cloud cover that often is the signature of 
mid-latitude cyclones. The rotation of a cyclone is counterclockwise in the North-
ern Hemisphere, clockwise in the Southern Hemisphere.

Weather scientists have three ways of looking at a mid-latitude storm. These dif-
ferent pictures are looking at the same weather events from different angles. 
What they have on their hands is a very large and complicated storm.

By coming at it from three directions, they can focus on different features that can 
help them get a handle on this big mess of winds and clouds, rain and snow.

 » The polar front theory describes best what happens on the ground, or near 
the ground, when different air masses come together.

 » In the upper atmosphere, scientists picture pressure waves, jet streams, and 
flows that promote ventilation and help these big bruisers grow.

 » To put the picture together and to best illustrate the movements of winds, 
they build a conveyor-belt model.
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A storm is born
During the months of the Northern Hemisphere’s winter, the cold polar air masses 
and the warmer subtropical air masses to the south often tangle with each other 
over the middle latitudes. It is the time of greatest temperature contrasts in the 
upper atmosphere over this region because the polar air is plunging farther south 
toward the warm Equator than any other time of year.

The upper atmosphere this time of year is a shifting pattern of very large waves 
that mark the boundary between the air masses. On one side is the cold, dense 
polar air in a region of high pressure. On the other side is the warm, lighter sub-
tropical air in a region of lower pressure. At the seam between the sharply differ-
ent masses of air, the jet stream and rest of the upper-level westerly winds are 
racing along, faster and more powerfully than any other time of year.

This is where winter’s storms are born, up here in the winds of the middle atmos-
phere, about 3 miles up. As the jet stream rides up over the ridges around the high 
pressure and plunges down into the troughs around the low pressure, it twists and 
changes its speed and altitude — slowing down between a ridge and trough and 
speeding up between a trough and ridge. Sometimes these changes make air pile 
up, or converge, where it slows down, and spread out, or diverge, where it speeds 
up. Down below, pressure builds higher under the descending air over convergence 

CYCLONES
So, what’s a cyclone? The answer to that question depends on where you ask it.

People who live in the South Pacific and the Indian Ocean use the word to describe the 
storm that people in North America and Europe call a hurricane. This is the same storm, 
by the way, that people in the western Pacific Ocean call a typhoon.

When meteorologists use the word cyclone (as in mid-latitude cyclone) or the word 
cyclonic, here’s what they mean:

A cyclone is a low-pressure weather system with a circular pattern of winds. North of 
the Equator, a cyclonic wind pattern is counterclockwise, and south of the Equator, it is 
clockwise. Take these spinning storms and slip them over their poles north and south 
like beanies, and what they have in common suddenly is clear. They are cyclonic 
because their winds are blowing in the same direction that the Earth is rotating.

Their winds flow around and inward toward the center of low pressure. The winds 
rotate outward from a center of high pressure — an anticyclone.
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and surface air pressure falls in the rising air under upper-level divergence. When 
temperature and other conditions are right, this rising air generates a storm. This 
pattern is what weather forecasters are talking about when they say a storm has 
“upper air support.” Figure 8-4 is a satellite view of such a storm.

Working out the wrinkles
Around a growing low-pressure system, circulating flows of warm and cold air 
form a big wrinkle in the boundary between the polar air mass and the subtropical 
air mass. A mid-latitude cyclone, a winter storm, is the atmosphere’s way of 
working out the wrinkle.

Here are the main features of a typical winter storm:

 » Warm front: Flowing around the low pressure, warm air pushes up into the 
cold polar air along a slow-moving warm front that forms a broad band of 
layered clouds and precipitation. North and northwest of this warm front is a 
broad area of rain or snow, depending on local temperatures.

FIGURE 8-4: 
A satellite image 
of a mid-latitude 

storm’s big 
“comma cloud” 

pattern. 
National Oceanic and Atmospheric Administration/Department of Commerce
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 » Cold front: Pushing into the warm air, the cold polar air forms a faster 
traveling front that is a more sharply defined and narrower band of vertical 
cumulus clouds, bringing intense showers and thunderstorms.

 » Occluded front: As the storm matures, near the low-pressure center an 
occluded front forms where the faster-traveling cold front overtakes the warm 
front, lifting the warm air off of the ground. This front can be an area of 
intense storminess.

 » Dry tongue: A region of cold air and higher pressure and clear or clearing 
skies extends up the backside of the cold front’s cloud band. The low pressure 
draws the tongue farther and farther north and toward the center as the 
storm matures. Eventually the dry tongue penetrates to the center of the low 
pressure and helps dissipate the storm.

Much of the precipitation from such a storm falls in the region north and west of 
the low-pressure center, which never sees the passage of the storm’s warm and 
cold fronts. Figure 8-5 illustrates these fronts and their cloud and precipitation 
patterns.

WHAT PUZZLED BEN FRANKLIN
In October 1743, Benjamin Franklin had high hopes for viewing an eclipse of the moon 
on the night of the 21st from his home in Philadelphia. But the weather did not cooper-
ate. A storm blew in that night — a Nor’easter, in fact — and completely obscured the 
sky over Philadelphia. The disappointed Franklin exchanged letters on the subject with 
his brother in Boston, 300 miles away. Boston’s sky was clear the night of the eclipse, 
Franklin learned, but the city was in the grips of a Nor’easter storm the next day.

Ben Franklin established from this exchange of letters the important weather fact that 
storms don’t simply rise up and blow out in a single location — as people thought at the 
time — but that they travel from one place to another across the landscape. This fact 
may strike you as pretty obvious in this day and age of satellites and telephones and 
Internet communications and what-have-you, but it wasn’t obvious then.

What really puzzled Ben Franklin was this: The winds raking the city of Philadelphia that 
night were blowing in off the Atlantic Ocean, from the northeast. And yet, the storm had 
traveled 300 miles northeastward to Boston by the next day. How in the world, Franklin 
wondered, did the storm travel all that way against the wind?

It took weather scientists a long time to figure it out. These storms do not travel in the 
directions of the surface winds circulating around their centers. They are pushed along 
in the direction of the winds in the upper atmosphere.
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FIGURE 8-5: 
An overhead view 

of the main 
features of a 

typical winter 
storm.
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Catching the waves
Why do some wrinkles in the polar front peter out rather than form storms? Why 
do some winter storms grow to be such monsters? Telling the monsters from the 
peter-outers is one of the most difficult jobs of weather forecasting.

In addition to the winds of the middle atmosphere, forecasters also look for short 
waves along the fronts that can strongly influence weather taking place on the 
surface. Where only a few very large long waves are standing nearly permanently 
aloft in the atmosphere, a dozen or more short waves can be rippling along their 
flanks, traveling at the speed of the winds. Short waves have the same ventilating 
effects as the winds on storm systems, but they don’t last as long. When the waves 
and the winds fall into place, they generate some of the most devastating storms 
of winter.

In forecasting a storm, another feature forecasters look for is the location and 
intensity of the high -pressure cell ahead of it. A strong, unyielding high acts as a 
barrier, like a boulder in a stream, forcing air to rise up over it, and adding greatly 
to the precipitation. Look back, for example, on all the great Nor’easters, and you 
will find a powerful high-pressure cell ahead of the storm.

Riding the conveyor belt
Surface maps of the fronts and upper atmosphere charts of pressures, tempera-
tures, and winds overhead are valuable, tried-and-true tools of the weather science 
trade. But there is something wrong with this picture. They are snapshots of two 
very different parts on the same creature. It’s like having a picture of a head and a 
foot. You know there is a body there between them, but it’s pretty hard to draw the 
connections. This problem led weather scientists to look for a new way to picture a 
mid-latitude cyclone, and Figure 8-6 shows what they have come up with.

The conveyor belt model tries to put the storm together as a single creature. Have 
they succeeded? You be the judge. It still looks pretty confusing to me. It is prob-
ably worth remembering, though, that even with all the satellites and other tech-
nologies that take pictures of it, a real winter storm still looks like a pretty 
complicated mess of weather no matter which way you look at it. And this picture 
of a storm is good at explaining several important features of its weather.

The conveyor belt model is a good picture of the storm’s air flows. It shows the 
three main flows of air that typically make up a storm and the directions they 
move from the surface all the way into the upper atmosphere. Two of the flows 
begin at the surface, and one enters the storm from the upper atmosphere.
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The three conveyor belts shown in Figure 8-6 go something like this:

 » The warm conveyor belt moves up out of the wedge of warm air between the 
two fronts and flows up through the warm front that is rising up over the 
colder air to its northeast. This flow generates the wide band of layered  
clouds and the longer bouts of steady precipitation. It moves toward the 
low-pressure center near the surface, but bends to the right as it rises and 
eventually gets caught up in the prevailing westerlies.

 » The cold conveyor belt is generated on the surface, north of the advancing 
warm front, in the cold air mass that the warm front is gradually over-running. 
Over land, this usually is an easterly or northeasterly flow of relatively dry air, 
although it can pick up moisture falling out of the warm front’s clouds and 
deposit it as precipitation northwest of the low-pressure center. Near the 
Atlantic Ocean, this conveyor belt is a marine flow that feeds moisture into a 
storm and gives the dreaded Nor’easter its name. At the surface, this flow is 
moving toward the low center, but as it rises in the atmosphere, it, too, gets 
caught up in the prevailing westerlies.

FIGURE 8-6: 
The conveyor belt 
model of a winter 

storm over the 
middle latitudes.
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 » The dry conveyor belt begins in the upper atmosphere, drops down toward the 
low-pressure center, where its cold, sinking air feeds the cold front, and then 
regains its altitude and also heads off again as part of the westerlies. This flow 
helps generate the cold, clearing skies behind the cold front, and forms the 
dry tongue that flows toward the low pressure and helps dissipate the storm.

Where They Come From
Many of the winter storms that visit the United States originate in areas of the 
world that are much farther away than a lot of people suppose. Many of these 
storms are truly global in scope.

Imagine a typical winter pattern over Asia and Siberia. Over the vast expanses of 
snow, there builds a big high-pressure system. Bitterly cold, dry air rotates clock-
wise around this high and circulates out into the North Pacific Ocean. There it 
meets and clashes with the warm, moist air flowing north along the coast of Japan 
above the western Pacific’s Gulf Stream, called the Kuroshiro Current. From this 
contrast, a storm is born, and the prevailing westerly winds in the upper atmos-
phere carry it across the North Pacific.

A few days later, this storm blows into northern California, Oregon, and  
Washington. It dumps rain along the coast and snow over the Cascades, the Sierra 
Nevada, and eventually over the western slopes of the Rocky Mountains. By now, 
this once-powerful storm has exhausted its energy and wrung out the last of its 
moisture in the snowfall over the Rockies.

Just as it falls down the eastern slope of the Rockies, however, a remarkable 
change occurs. On the high central Plains, the old storm springs to new life as it 
encounters warm, moist air flowing north from the Gulf of Mexico and another 
frigid air mass blowing south from Canada. Now this old Asian storm takes on that 
raw western look of a High Plains drifter. It’s big and ornery all over again, ready 
to kick the daylights out of the upper Midwest and New England.

A storm rebuilt like this eventually could spin out into the North Atlantic, its front 
closed off and its low center weakening again. Still, along the way across the 
Atlantic, it might pick up enough energy and moisture from the northeasterly 
flowing Gulf Stream to rain on England.

There are certain areas of the country where storms that cross the United States 
tend to develop, although as birthplaces of storms, they probably get more credit 
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than they deserve. Rather than originating storms, often they rebuild existing 
storms that pass within their range. As Chapter 3 describes, these places are bat-
tlegrounds where different air masses, like opposing armies, tend to engage one 
another. These areas include the eastern or “leeward” side of the Rocky Moun-
tains, the Great Basin, the Gulf of Mexico, and the Atlantic Ocean just east of the 
Carolinas.

Where They Go
Storms have different personalities. Some are cold, dry, and fast-moving. Others 
are relatively warm, moist, and slow. The amount of rain or snow they deliver 
depends on a variety of features. These include

 » Where they come from

 » The temperatures of their air masses

 » The amount of moisture they contain

 » Their speed of travel

 » The “tracks” they take across the country

Slow-moving storms generally dump more rain and snow. Faster storms tend to 
generate stronger winds. As you might expect, storms with northern tracks are 
coldest. Southern storm tracks pick up warm, moist flows from the Gulf of Mexico 
and usually produce the heaviest rains and snows.

Forecasters know that where storms go, the exact track they take, can make a big 
difference to the type of precipitation an area might expect. The reason is this: 
These winter storms have a cold side, northwest of the center where the winds are 
from the northeast, and a warmer side, to the southeast of the center where the 
winds are southerly. It is not unusual for a storm to bring snow to one side and 
rain to the other. And notice something else: Both of the fronts are on the same 
side of the center. Areas on the cold side of the center may experience heavy 
snowfall, even though there are no fronts passing through.

Take a look at the pattern of storm tracks in Figure 8-7, and you will quickly see 
why New England gets such stormy winters.
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Name That Storm
Some common storms and storm tracks have earned nicknames from meteorolo-
gists around the country. These names give weather experts a shorthand way of 
describing a storm with certain characteristics. (Besides, they’re fun.)

Here are some well-known storms that tend to visit every winter.

Colorado Low
The high Plains region below the eastern slopes of the Rockies, often referred to 
as leeward slopes because they are out of the way of the prevailing westerly winds, 
probably generates the most winter storms for the eastern two-thirds of the 
United States. The region is famous for the storms it builds, but the storms are not 
so famous with weather forecasters, because the tracks they take northeastward 
are hard to predict. This information is crucial to forecasting what kind of weather 
a particular location, such as a major Midwestern city, can expect from them. If a 
Colorado Low passes to the north, its warm side generally brings rain. If it passes 
to the south, its cold side can mean heavy snowfall.

FIGURE 8-7: 
Major winter 
storm tracks 

across the United 
States.
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Alberta Clipper
An Alberta Clipper is a cold and windy storm that forms (or rebuilds a weakened 
Pacific Storm) on the eastern leeward side of the Canadian Rockies in the province 
of Alberta. An Alberta Clipper usually is a speedster that rapidly shoots across the 
northern tier states, over the Great Lakes, and into New England. Across the 
Dakotas, this storm can travel at speeds of 50 miles per hour or more. An Alberta 
Clipper usually does not deposit large amounts of snow, and its flakes are light 
and fluffy, although this storm is notorious for the strength and chill of its winds. 
The Alberta Clipper deserves much of the credit for Chicago’s nickname, the 
Windy City, and its reputation for especially cold winters. Once in a while, if an 
Alberta Clipper travels far enough south as it moves toward the Atlantic, it can 
pick up enough moisture to dump heavy snow as it moves back northward near 
the East Coast.

Chattanooga Choo-choo
With a little support from an upper air jet stream disturbance, a weak cold front 
rising up the western slopes of the Appalachian Mountains in eastern Tennessee 
can suddenly build into a major winter storm. The strengthening low-pressure 
center of a Chattanooga Choo-choo can pull in colder air from the Great Lakes, mix-
ing snow with rainfall. These storms generally move like a slow train to the north-
east, up the Tennessee Valley and through the Ohio Valley, and they often bring 
long periods of heavy snow to the region.

Nor’easter
You may think that a Nor’easter comes from the Northeast. In fact, Northeastern-
ers thought so for a long time, because that’s where the wind comes from during 
one of these big, nasty winter storms. A Nor’easter is a storm that is born or rebuilt 
along the Atlantic Coast. Cold air clashes with the moist warmth of the Gulf 
Stream, the ocean current that Chapter 4 describes, and the storm rides a northern 
track all the way up the East Coast. The northeasterly air flow that is the cold con-
veyor belt of the conveyor belt model of storms is the wind that gives the Nor’easter 
its name. These can be big, powerful storms, like the one shown in Figure 8-8, 
that can bring rain, freezing rain, sleet, and heavy snowfall, as well as coastal 
flooding all along the East Coast. Heavy snowfall can occur as far west as the east-
ern Great Lakes.
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“Bomb” cyclones
Many of the biggest and most damaging Nor’easters are the handiwork of rapidly 
intensifying conditions and are referred to as bombs, and their distinctive explo-
sive growth is referred to as “bombogenesis.” Meteorologists reserve this desig-
nation for circumstances that mark the especially rapid changes in atmospheric 
pressure that occur when two very different air masses collide. Technically,  
bombogenesis occurs when air pressure in a mid-latitude cyclone falls at least  
24 millibars within 24 hours. Responding to such sudden change, in-rushing 
wind speeds can reach the force of hurricanes.

Hatteras bomb
While most mid-latitude cyclones can take a week or more to grow to the size and 
strength of major winter storms, certain special ocean current conditions can 
really speed things along. These conditions develop during winter over the west-
ern Pacific’s big Kuroshio Current off the east coast of Japan, and over the western 
Atlantic’s Gulf Stream off the East Coast of the United States. Off the coast of Cape 
Hatteras, North Carolina, warm, moist air over the Gulf Stream can catch 
low-pressure systems riding north along the eastern seaboard. If upper air condi-
tions are right, and cold continental air is nearby, within 24 hours a Hatteras low 
can turn a young, minor disturbance into a mature, powerful monster.

FIGURE 8-8: 
Satellite photo of 

a Nor’easter 
storm. 

National Oceanic and Atmospheric Administration/Department of Commerce
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Gulf Low
Storms that form in the Gulf of Mexico and follow a track northeastward can be 
real winter blockbusters for the Eastern Seaboard. These systems spend most of 
their lives over the ocean. They soak up warm moisture and heat energy in the 
Gulf, cross Florida, and follow the warm Gulf Stream current up the coast. When 
they run into a strong high-pressure cell, their moist flow can ride over the top 
of the colder, denser air, and forecasters can have an ornery Nor’easter on their 
hands. Weather forecasters can see these storms of the Gulf Low coming a lot 
sooner now than they used to, but still it’s hard to predict how powerful they 
will become.

PERFECT STORMS
If you live just about anywhere along the East Coast of the United States, you are more 
likely to feel the damaging effects of a big Nor’easter than a hurricane. (If you’ve lived 
there very long, you probably already know this.) A lot of people have hurricane adven-
tures to remember, but nearly everyone has a story to tell about a big Nor’easter.

A hurricane is nothing to sneeze at, of course, but a Nor’easter is much more common, 
and its damage is more widespread. Its winds are usually not quite as fierce, but a big 
Nor’easter is three times bigger than a hurricane, its storm surge can be huge, and the 
track it travels is a weather forecaster’s worst nightmare.

While an average hurricane will find a place to plow into the coast, ripping up maybe 60 
miles to 90 miles of real estate, a Nor’easter can leave a trail of damage 900 miles long 
as it follows the coastline from Florida to Maine.

Often the slower moving Nor’easters cause the most damage. On-shore winds build a 
dome of ocean water that surges ashore ahead of the tempest. The longer its winds 
blow, the bigger this storm surge and the deeper its floodwaters are likely to be.

Nor’easters can dish out winter’s worst. Their storm surges and torrential rains can 
cause widespread flooding. Their winds can gust to hurricane force. Their snows can 
bury the countryside, and devastating damage from the freezing rain of ice storms is 
not uncommon. Through the Southeast, they can spawn tornadoes, the storms that 
Chapter 9 describes.



166      PART 3  Some Seasonable Explanations

Pineapple Express
Once in a while, the polar jet stream that carries winter storms across the north-
ern Pacific to the West Coast of the United States dips down toward the tropical 
ocean just as a particularly stormy episode is underway out there. These tropical 
thunderstorms pump enormous amounts of water vapor into the atmosphere. 
The westerly wind drags the warm moisture across the ocean, passing near 
Hawaii along the way, and delivers especially heavy rains to the Pacific Coast. 
This is called a Pineapple Express, although more recent studies observe that this 
just one of a larger pattern of “atmospheric rivers” that periodically transport 
great ribbons of tropical moisture across the oceans. Their moisture is welcome 
in the arid West, but their torrential rains are dreaded in California. The big riv-
ers in Northern California are threatened with flooding during extreme rainfall 
and Southern California’s desert soils are threatened with flash floods and 
mudslides.

Polar vortex
When low temperature records start falling in the eastern half of the United States, 
the term “polar vortex” frequently finds its way into presentations by weather 
forecasters. Under normal winter conditions, a rapidly spinning ring of winds 
called the polar vortex acts as a boundary that keeps especially cold polar air cor-
ralled high in the upper latitudes near the poles. Sometimes this pattern breaks 
down, the boundary collapses, and the frigid air wanders south into the middle 
latitudes of Asia, North America, and Europe (see Figure 8-9).

Sometimes these conditions are called a Siberian Express, although it is not so 
much a storm as it is a blast of arctic air. Something — usually it’s a jet stream 
disturbance over this upper air ridge — causes a portion of this dense, dry air 
to break away, like an iceberg from a glacier, and to slide south. As it passes 
over the Canadian prairies, the eastern flanks of the Rocky Mountains generally 
steer this shallow, heavy flow into the eastern two-thirds of the United States. 
As it sinks deeper and deeper south, it spreads a fast-moving front of precipi-
tation, a sudden drop in temperatures, and bone-chilling winds. Passage of a 
polar vortex or Siberian Express can be a dangerous and damaging weather 
event as it moves deeper south across the United States. Its wind chills can 
endanger people who are unaccustomed to the hazards of such extreme tem-
peratures, and the freezing air can cause heavy losses to such all-year crops as 
citrus groves.
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Panhandle Hook
This storm builds east of the southern flanks of Rockies in the area of southeast-
ern Colorado. It pokes along to the southeast, crossing the Oklahoma panhandle, 
picking up moisture from the Gulf of Mexico along the way, and then takes a 
sharp hook-turn northeastward and picks up speed. A Panhandle Hook plows up 
through the upper Midwest, out over the Great Lakes, and into Canada. This 
storm is notorious for delivering heavy snowfalls to northern Illinois and 
Wisconsin.

Texas Panhandler
Texas Panhandler is another storm that builds from the combination of cold air 
blowing down out of the eastern slopes of the Rockies and warm marine moisture 
flowing up from the Gulf of Mexico. Unlike a “panhandle hook,” this panhandler 
follows a more common track across the Central Plains and the Midwest. Espe-
cially when this storm is moving through a region of subfreezing temperatures, 

FIGURE 8-9: 
A strong jet 

stream keeps 
frigid Arctic air 

close to the poles 
while a weaker jet 

stream allows 
cold air to move 

farther south.
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the warm Gulf air flowing up the warm front slope of a Texas Panhandler can 
bring heavy snows to a vast region of the nation’s midsection.

Blue Norther
A Blue Norther or a Texas Norther is a name sometimes given to an intense storm 
that tracks eastward across the Great Plains. Northerly winds behind the storm 
can send frigid air plunging south through Texas. Temperatures across the region 
can quickly drop 10 degrees Fahrenheit or more. Often such a wind is accompa-
nied by heavy snow that can bring blizzard conditions to the southern Plains. The 
name comes out of old Texas folklore, although nobody is exactly sure where it 
comes from. The storm arrives suddenly, from the north, racing across the  
plains, and the sky above the leading edge of the front is a distinctively dark 
blue-black.

When the Flakes Fly
Everybody loves a snowflake. Up really close, the elaborate and lacey beauty of its 
construction is a marvel, to be sure. There are not very many delicate things about 
the ham-handed ways of winter, but Nature seems really to have outdone herself 
with the design of flakes of snow.

About 100 years ago, a Vermont man, Wilson A.  Bentley, devoted 50 years to 
studying snowflakes, microscopically photographing thousands of these little 
beauties. The Snowflake Man, as he came to be called, claimed never to have seen 
two that were exactly alike. Figure 8-10 is an example of his work. Whether or not 
there are any two snowflakes alike, as Figure 8-11 illustrates, there are definitely 
distinct types of flakes.

One on one, snowflakes are fine, of course, but put billions and billions of these 
delicate little beauties together, and they take on a different look. The first snow-
fall of the season seems always to be a sensation. It takes a while for the eyes to 
become accustomed to its whiteness, to the way its insulating blanket so com-
pletely makes over the landscape, and for the ears to adjust to the quiet it suddenly 
gives the day. Rain is a brass band in comparison.
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On the other hand, if you live in one of the great snowbelts of the world, it doesn’t 
take long for the charms of snowflakes to lose their hold on you. Have you ever 
noticed how quickly snow picks up the dirt and grime on the side of the road? One 
reason is the sand and other materials that highway crews spread on the road to 
improve traction. Another is the soot from vehicle exhaust.

Whew! This is not something you want to take home with you. And notice this 
about these precious little jewels: When they gang up on you, when they fly in 
your cold face during a storm, most of them are ragged, broken pieces of flake. If 
you live in snow country, winter can be a heavy burden.

Even in the regions of the United States that enjoy warmer winters, most precip-
itation begins as snow, in temperatures in the clouds that are below freezing. The 
difference between rainfall and snowfall depends on the temperatures of the lay-
ers of air the snow falls through on its way to the surface. More often than not, a 
raindrop is a melted snowflake.

FIGURE 8-10: 
A microphoto-

graph of a 
snowflake by 

Wilson A. Bentley. 
National Center for Atmospheric Research/ 

University Corporation for Atmospheric Research/ 
National Science Foundation
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Often, there is a fairly distinct boundary between an area of rainfall and snowfall 
from a large storm. In large urban areas, which depend on fleets of snow removal 
equipment to keep commuters commuting, one of the more important and diffi-
cult jobs of weather forecasters is to accurately predict not only precipitation, but 
when and where snow or ice will occur.

It may be a matter of temperature, but the difference between rain and snow is not 
just a matter of degrees. If rain is expected, most often the most important ques-
tion is, “When is it going to rain?” If snow is expected, on the other hand, the most 
important question may be, “How much is it going to snow?” Highway crews, on 
the other hand, are very much interested in when snow is expected to fall. While 
they fight a 3-inch snowstorm much the way they will fight an 8-inch storm, a 
difference in starting time between 7 a.m. and 10 a.m. is critical.

FIGURE 8-11: 
Common types of 

snowflakes.
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Blizzards
Along with ice storms, the snowstorms known as blizzards are the worst that  
winter dishes out. Their winds are strong, and their snow is blowing to the point 
where visibility is very poor. And they’re colder than the dickens. The word  
blizzard gets kicked around a lot on nasty winter days, and often it is used by 
forecasters to describe a storm that brings heavy snow and extreme blowing and 
drifting of snow.

The National Weather Service has an official definition of blizzard as a storm with 
a wind of 35 miles per hour or higher, low temperatures and enough snow in the 
air to reduce visibility to less than a quarter of a mile.

Blizzard warnings hit the airwaves when three things are happening at once. Wind 
speeds are hitting at least 35 miles per hour. Snow may not be falling heavily, but 
a lot of it is flying in the air — usually the small, light flakes that accompany par-
ticularly cold storms and are easily picked up and blown by the winds. Tempera-
tures, meanwhile, are 20 degrees Fahrenheit or lower, and they’re expected to 
stay that cold for some time.

MEASURING SNOW
Measuring rainfall is usually a pretty simple matter of reading the depth on a gauge that 
is attached to a long, narrow cylinder with a funnel at the top. Measuring snow, on the 
other hand, is complicated by the flaky nature of the stuff.

In the slightest wind, snowfall is much less evenly distributed than rain. Even a halfway seri-
ous winter storm will blow it all over the place. Snowfall depth is generally measured on the 
top of a so-called snowboard that has been wiped clean since the last time of observation. 
To overcome the problem of the winds, weather observers measure the depth at several 
locations and then do the math to come up with an average. Ideally, these measurements 
are made at the maximum depth of the snow before it settles, sublimates, or melts.

This new depth figure is then added to the depth of the snow underneath the boards to 
come up with a total depth of snow.

But there’s another complication. In most places, it’s important to know how much liq-
uid water this amount or that amount of snow represents; this is known as the snow-
water equivalent. As a general rule, 10 inches of snow melts down to 1 inch of water. 
But those figures wander all over the place. Really dry, fluffy flakes may take 30 or 40 
inches to yield an inch of water, while only 3 inches of very wet snow yields an inch of 
liquid. The most accurate way to measure the snow-water equivalent is take a core sam-
ple of the snow, melt it down, and measure it like it was rain.
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Snowstorms can get worse. Severe blizzard warnings are issued when winds of  
45 miles per hour are expected, heavy snow is falling or blowing, and tempera-
tures are below 10 degrees Fahrenheit.

Cold polar air behind the passage of a winter storm across the Great Plains can 
carry winds so strong that it whips the freshly fallen, fine powdery snow off the 
ground. This is often called a ground blizzard, because snow is not actually falling 
at the time, although the strong winds, the extreme cold, and the low visibility 
from blowing and drifting snow are just as real and dangerous.

Some blizzards are so bad they go down in history. The 1993 “Storm of the Cen-
tury,” for example, is remembered for its intensity  — 300 people died in the 
March storm — and its size, stretching from Canada to Honduras. Another March 
storm known as the Northern American blizzard “bomb” cyclone in 2019 clob-
bered the United States, especially the southern Rockies.

“GREAT WHITE HURRICANE”
One of the worst winter storms ever to hit the eastern United States was the blizzard of 
1888, a storm that in the middle of March devastated a quarter of the population. 
Seamen who lived to tell about it called this storm the “Great White Hurricane.”

Some villages and towns from Maryland to Maine were buried under 40 inches to 50 
inches of snow and drifts of between 30 and 40 feet.

The cities of Washington, D.C., Philadelphia, New York City, and Boston were cut off 
from the outside world and brought to a standstill. Telegraph, telephone, and electrical 
wires broke under the weight of snow and ice and the force of the winds.

Temperatures ranged from 0 to 20 degrees Fahrenheit over the region, and winds 
howled for two days at nearly the force of hurricanes.

More than 400 people died, many lost in the giant drifts in city streets. Passenger trains 
were buried and marooned. More than 200 ships were sunk, wrecked, or abandoned, 
and 100 seamen died.

In February 1899, another great blizzard hit the region and brought one of the worst 
cold waves in United States history. The low of 15 degrees Fahrenheit below zero in 
Washington, D.C., still stands as the all-time record for the nation’s capital. The mercury 
hit 12 below zero in Georgia, and for only the second time in recorded history, ice 
floated down the Mississippi River to the Gulf of Mexico.
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Ice storms
Nothing in winter does the damage of an ice storm. A blizzard may pose more 
perils to the safety of people while they are out in it, because winds are so strong 
and visibility is so bad, but it is usually the kind of weather that you can shelter 
yourself against. A long storm of freezing rain crushes everything under the 
weight of the glaze of ice it accumulates. Electrical power systems that depend on 
overhead lines are no match for a serious ice storm. Power lines swell with ice and 
droop under the added weight, and before long, their poles snap.

After a blizzard passes, you can usually dig out and go about your business. The 
effects of an ice storm linger for days. Things are broken, the power is off, and 
transportation is nearly impossible. Driving a car through snow takes patience 
and caution. Driving on a street glazed with ice from freezing rain is nearly impos-
sible. It’s like trying to make your way across an ice rink.

The rain from an ice storm usually is the handiwork of a warm front, but it’s the 
layer of very cold air underneath it that deserves the blame for the ice. This frigid 
arctic layer is more dense — heavier — than the air around it and tends to stub-
bornly hang on in low-lying valleys. This is the stuff that causes the raindrops to 
freeze into glaze as they hit the ground.

“THE BLIZZARD OF ’96”
Most everybody calls what happened on the East Coast in January 1996, the “Blizzard of 
’96,” and certainly it’s worthy of the name, although in the technical meaning of the 
word, it may not have had the sustained wind speeds to qualify as a blizzard.

Whatever it was, it paralyzed all major cities along the East Coast from Richmond, 
Virginia, to Boston. It forced the closure of airports, businesses, schools, and govern-
ment offices — including the federal government, which closed for four days.

Severe thunderstorms and record snowfall from this storm also hit the Deep South.

The storm packed the entire region with snow, and then a week later, a warm rainstorm 
washed through much of the East with 2 inches to 6 inches, bringing rapid snowmelt 
that over-flowed rivers from the eastern Ohio Valley to New England and south to 
Washington, D.C. Some 154 people died in the storm, 33 were killed in the flooding, and 
damage from the two events totaled $3 billion.
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Life and Limb
Every season has its own set of health and safety hazards, and winter in most 
areas of the world certainly has its share.

Naturally, regions of the world with the hardest winters see these hazards most 
often, but experts have noticed something else: It’s where severe winter weather 
is most unusual that it poses the biggest threat. People who live in places that fre-
quently experience severe cold and heavy snows know how to handle these condi-
tions and how to avoid threats to their safety. Basic precautions against the 
dangers of severe cold are part of the daily routine of life during winter in  
the Great Plains, the Midwest, and Northeast. In the southern United States, on 
the other hand, where houses aren’t built for cold weather and folks are less 
accustomed to its hazards, the occasional ice storm is a bigger safety threat.

Severe cold can overwhelm the body’s ability to produce heat. When the body feels 
this problem coming, the heart begins pumping faster in order to try to keep up 
the heat. It’s working extra hard to fight off this cold, and this is the time to be 
especially careful about asking it to do a lot of extra physical work.

“ICE STORM OF THE CENTURY”
It was Canada’s worst natural disaster. Five days of rain fell in early January 1998 as 
warm, moist air from the Gulf of Mexico rode over a layer of Arctic air and the rain fall-
ing through the frigid air froze instantly on every exposed surface.

In the northeastern United States, federal disasters were declared in Maine, New 
Hampshire, Vermont, and upstate New York, but populous southeastern Canada took 
the worst.

From eastern Ontario to New Brunswick and Nova Scotia, the weight of the ice toppled 
steel electrical power transmission line towers and crushed trees. A total of eight million 
people were without electricity at the height of the disaster, and many were without 
power for a month. One climatologist described the damage to the electrical power grid 
this way: “What it took human beings a half-century to construct took nature a matter of 
hours to knock down.”

The storm killed 35 people, and property damage was in the billions of dollars. In 
Quebec and Ontario, where 90 percent of the world’s maple syrup is produced, millions 
of maple trees were destroyed.
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Avoid overexertion and exposure. Exertions from attempting to push your car, 
shoveling heavy drifts, and performing other difficult chores during strong winds, 
blinding snow, and bitter cold of a blizzard may cause a heart attack — even for 
people in apparently good physical condition.

Avoid alcoholic beverages. Alcohol causes the body to lose its heat more rapidly — 
even though one may feel warmer after drinking alcoholic beverages. Alcohol, 
sedatives, tranquilizers, or pain relievers aggravate the condition of someone 
stricken by such circumstance. They only slow down body processes even more.

Cold weather exposure
When your body loses the battle against the cold, often it’s somebody else who 
notices it. When the cold has got you bad, you are not always the best judge of the 
seriousness of the problem. You still think you’re okay, you just need to rest a 
minute longer. It’s somebody else who realizes that you are showing some of 
these signs of cold weather exposure:

 » You can’t stop shivering.

 » You’re fumbling your hands.

 » Your speech is slow and slurred, and maybe even incoherent.

 » You’re stumbling and lurching as you walk.

 » You’re drowsy and exhausted.

 » Maybe you’ve rested and can’t even get up.

A person acting like this needs to get into dry clothes and a warm bed. They need 
a warm “hot water bottle” or a heating pad or warm towels on their chest or 
shoulders or stomach. They need some warm, nonalcoholic drinks. They should 
have their feet up, so warm blood flows to their head. They need to be kept quiet. 
They shouldn’t be massaged or rubbed. In extreme cases, they need a doctor.

Frostbite
Sometimes, when you stop feeling cold can be the most dangerous sign.  Frostbite — 
the freezing of your body’s tissue — causes a loss of feeling in your fingers or toes, 
the tip of your nose, or you ear lobes, and they appear white or pale.

A person with frostbite needs medical attention immediately. They should not rub 
the affected tissue with snow or ice. The frostbitten tissue needs to be warmed, 
and the person should be treated as a victim of exposure.
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The best thing is to avoid frostbite. Dress warmly in loose layers of clothes covered 
with a water-repellant shell. Stay dry. Change those wet socks. Not only do wet 
clothes lose their power to insulate against the cold, but the water in them con-
ducts the body’s heat away. Wear a hat. And as most everybody in cold country 
knows, mittens are a lot warmer than gloves.

Caught in a car
You’re caught in your car in a blizzard. Do you stay in the vehicle? Or do you give 
in to that panicky urge and try to make a run for it? Experts in these matters say 
there are no two ways about it: The only safe thing to do is stay in your vehicle.

Nothing is easier or more dangerous than getting lost in the whiteout conditions 
of blowing and drifting snow during a blizzard.

Your car is shelter, and you are more likely to be found in it than out of it.

Here are some tips:

 » Keep the vehicle’s dome light on to make it more visible for rescuers.

 » Watch out for carbon monoxide, the odorless exhaust gas that is poisonous. 
Run the car’s engine and heater only as often as you need to. Make sure that a 
downwind window is open for ventilation and don’t let snow block the 
exhaust pipe.

 » Move around in the car, changing positions once in a while and doing a little 
exercise, like clapping your hands and moving your arms and legs.

 » If you’re alone, try to stay awake as long as possible. If you are not alone, sleep 
in shifts, keeping one person watching for help.
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Chapter 9
Twists and Turns of 
Spring

Ah, spring! How come nobody says, “Ah, winter”? Among the seasons, year in 
and year out, spring gets the best publicity. Winter could use some help 
from spring’s public relations consultant. Everybody knows what to call a 

cold and stormy and miserable winter season. They call it a bad winter or a hard 
winter. Spring, on the other hand, is a season that can do no wrong. What do 
people call a cold and stormy and miserable spring? They call it a long winter!

The poets have done this for spring. Those romantic homebodies have this special 
thing for this season, and I think I know why. Sure, everybody likes to feel that 
warming sun and to see the lengthening hours of daylight. But it’s not just the 
weather. Spring gets credit for everything — every flower bud and sprout, and the 
song from every robin and bluebird that returns from the south. And when those 
romantic poets finally pull back their curtains and get a look at what the birds and 
the bees are up to this time of year, well, it sets their hearts to singing.

But there’s another side to this season of transition between winter and summer. 
Spring has a mean streak. It is not stable, and among forecasters, its weather has 
a reputation for being painfully unpredictable. Every season has its own perils in 
the United States, but there are parts of the country where spring can be a really 
dangerous brute. Spring is about the business of reclaiming the ground that was 
lost to winter’s cold. It is wielding the power of an advancing sun, and taking no 
prisoners along the way.

IN THIS CHAPTER

 » Checking out spring’s mean streak

 » Looking inside thunderstorms

 » Plugging into lightning

 » Chasing tornadoes
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This chapter is about this other side — the thunderstorm side — the mean side of 
spring. Across the southeastern United States, the Great Plains, and the Midwest, 
dangerous thunderstorms can fill the spring sky. You can hear their great roars 
and see flashes of lightning burning hotter than the surface of a star. Spring is the 
peak season for tornadoes, the most violent and terrifying winds on the planet.

When Has Spring Sprung?
If you were in the business of running the Earth, spring probably would not be the 
first season you would want to hire. For all their faults, winter and summer are 
much more reliable. My advice would be to put them in charge of the place. You 
can’t do without it, you know, but spring has this difficult, fitful temperament. 
Some days it does great work, and you’re smelling the daffodils. The next day, it 
doesn’t show up, and you’re shoveling snow again.

And then there are its thunderstorms. Tempestuous is a word that comes to mind. 
Of course, everybody knows that eventually spring gets its work done. Because 
you’re in charge of the place, you can let somebody else — some poor weather 
forecaster — worry about whether spring is going to show up from one day to the 
next, and how it’s going to behave.

Astronomers see the Big Picture, and from the distance of space, everything looks 
pretty much like clockwork. They don’t have to deal with the mess that the atmos-
phere creates — you know, the weather — so they have a clear and simple idea 
about spring.

To astronomers, the season is marked by a certain spot in Earth’s orbit around the 
Sun. They call it the vernal equinox, the instant when the planet reaches the half-
way mark in the annual circular path that leads from winter to summer. Chapter 3 
shows how the seasons are caused by the fact that Earth is tilted in relation to the 
Sun. The vernal equinox almost always happens on March 21 — the day when the 
effect of Earth’s slant is the same, equal, in both the southern half and the north-
ern half. The Sun is directly over the Equator, and everywhere that day the length 
of day and night are equal. That’s what the Latin word equinox refers to — this 
equal time. Vernal refers to spring. The same thing happens in September at the 
autumnal equinox. (So, if autumn is another name for fall, how come vern isn’t 
another name for spring? Go figure.)

On March 21, there are 12 hours of sunlight and 12 hours of darkness. Astronomers 
call this the first day of spring.
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Well, it’s a big planet, and whether or not March 21 sounds like the first day of 
spring to you pretty much depends on where you live. In the Northern  Hemisphere, 
the general idea that spring is the months of March, April, and May is a commonly 
accepted compromise. Spring weather comes earlier in the southern parts of the 
United States and later in the north.

Coast to Coast
In the Pacific Ocean north of the Equator, the large high-pressure system that 
dominates much of the weather in the western United States has begun to rebuild 
in strength in early spring, and the jet stream that guides storms into the region 
has begun retreating back toward the pole. Some years in southern California and 
the Southwestern desert, it feels like spring begins shortly after New Year’s Day, 
although people in the Pacific Northwest have months more of rainfall to look 
forward to. Along much of the frost-free West Coast, days of spring usually are 
mild and often clear of fog. (Hey, they don’t call it pacific for nothing.)

In the heights of the western mountains, spring is a radical mix of bursting sun-
light and snow showers, which can linger as late as June. Still, the warming trend 
is allowing creeks and rivers to begin swelling with runoff of melting snow.

Thunderstorms, spring’s storms of choice, are not uncommon in the West this 
time of year, especially along the western slopes of the mountains, but they are 
nothing like the violent giants that are taking shape east of the Rockies. From the 
Great Plains, across the prairies, and over the big river valleys of the Midwest, the 
long season of the thunderstorm has begun. Figure 9-1 shows you the “average 
thunderstorm days” around the country every year. Before spring is over, Tornado 
Alley, from northern Texas to Iowa, will begin to live up to its reputation.

In the Atlantic Ocean, the Bermuda High is beginning to gain strength and is 
shifting westward. Air circulating around it carries warm moisture from the Gulf 
of Mexico into the interior of the United States. The warm, jumpy moisture will 
clash with the cold, dry dense air masses left over from the continental winter. 
Cold and dry, warm and moist — air masses with these traits do not play well 
together. The bigger their differences, the more severe the thunderstorms they 
make. For months now, the sky over an expanding region in the midsection of the 
country will have some nasty fights on its hands.
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Thunderstorms
Nearly 1,800 thunderstorms are occurring at any moment around the world. Holy 
smoke! The National Weather Service estimates that every year there are about 
100,000 thunderstorms in the United States, and about 10,000 of them are severe. 
Around the world — equatorial regions of South America and Africa are the real 
hotspots — more than 40,000 thunderstorms form every day. The people at the 
National Weather Service have done the math: That’s 16 million a year!

Looking at the planet as a whole, thunderstorms are one of the main ways that 
Earth pumps water vapor from the warm ocean into the atmosphere and so begins 
redistributing the Sun’s uneven heat energy. Chapter  3 describes this heat- 
distribution problem.

Thunderstorms are a little hard to believe. For one thing, a lot of them seem to 
come out of nowhere. They take shape so fast that they can be on top of you before 
you realize it. And while they seem enormous when you’re under one, as storms 
go they are too small to be predicted by the supercomputer weather models. Think 
about it. If you hadn’t seen one, would you really believe that a single storm could 
set the sky on fire with humongous flashes of electricity, roar like a giant beast, 
smash the ground with big chunks of ice on a hot summer day, and thrash the 
land with the most powerful winds on the planet?

FIGURE 9-1: 
The number  

of days  
thunderstorms 

are reported,  
on average,  

each year.
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Whatever they do for the planet by helping to sort the Sun’s heat more evenly, 
these storms are a menace to society. (And they ought to be locked up!) Just look 
at the messes they make in the United States alone:

 » Their lightning kills dozens of people and causes thousands of fires every year.

 » Their hailstones cause $1 billion a year in property damage and crop losses.

 » Their flash floods are the biggest killers of all.

 » They have straight-line winds that can hit 100 miles per hour or more.

 » They have downburst winds that can cause airplane crashes.

 » And then there are their tornadoes, 1,000 or so a year.

On the other hand, the rainfall from these storms is not something you would 
want to go without. It is the main source of moisture for the crops that grow 
across much of the United States. And their lightning flashes fix nitrogen com-
pounds in the soil, producing a form of fertilizer.

Like all storms, a thunderstorm needs rising air. Chapter 6 describes the various 
ways air gets a lift off the surface. And the temperature of the upper air needs to 
be arranged so that the air continues rising — conditions that weather scientists 
call unstable.

The key to the size and power of a thunderstorm, weather scientists say, is the 
available moisture and strength of the up-and-down motions of its air flows, the 
updrafts of warm, moist air and the downdrafts of cool precipitation. Weak updraft 
storms are more common and less threatening than strong updraft storms, as you 
probably figured out, and supercells  — well, their updrafts and downdrafts are 
super. You can usually see the difference. A weak updraft storm makes a cloud top 
that is softer looking and less shapely. A strong updraft makes well-formed cau-
liflower edges and a big flat crown that looks like a blacksmith’s anvil.

Thunderstorms organize themselves into cells. (I told you they should be locked 
up!) A cell is a single pair of air motions — an updraft coupled to a downdraft. 
Figure 9-2 gives you an inside look at a typical thunderstorm.

Also, midlevel winds that tilt the top of the storm allow a cell to continue to grow 
rather than collapse onto itself from the dampening effect of its own downdraft. 
The slant shape gives the cool downdraft carrying precipitation and the warm 
updraft carrying moist “fuel” their own spaces, separate from one another, 
although they are interdependent.
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The winds can make a big difference in how a thunderstorm develops and what 
kind of threat it can become. When the air is fairly calm when thunderstorms 
come along, they can sit over the same place for hours, dumping flood- threatening, 
gutter-gushing rain. When winds are strong, on the other hand, things can go two 
very different directions. The winds may blow the storms apart, or they may 
become powerful giants. Predicting which is going to happen is not so easy.

How . . . exactly . . . “severe”?
You hear it all the time in weather watches and warnings during spring and sum-
mer: Severe thunderstorms are on the way. The meaning is clear enough: These 
things are dangerous, and it’s time to keep your wits about you. But what exactly 
is so severe about them?

What the National Weather Service means by severe — as in BULLETIN: SEVERE 
THUNDERSTORM WATCH — is a storm that produces one or more of the following 
safety hazards:

 » Hailstones that are ¾-inch or larger.

 » Wind speeds that are 58 miles per hour or faster.

 » Tornadoes of any size.

A watch is an alert that tells you conditions in a large area are ripe for severe thun-
derstorms to form. A warning comes when severe thunderstorms are in your area 
now. Don’t wait. Go to a safe place. When you hear a warning, don’t get caught 
watching.

FIGURE 9-2: 
Life cycle of a 

single-cell 
thunderstorm.
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For a thunderstorm to become really severe, and dangerous, several things fall 
into place:

 » A big fuel supply of warm, moist air keeps pouring up into the sky.

 » A supply of dry, thirsty air sucks up the moisture through evaporation. 
Between the dry and moist air can form a dryline of plunging air.

 » Upper air temperatures remain unstable, so that rising air is always warmer 
than the air around it and so it continues to rise.

 » Winds are blowing in different directions, causing the thunderstorm cells to 
tilt over, giving their updrafts and downdrafts their own spaces to grow.

 » If a layer of warmer air above the ground is keeping a lid on things a while, 
once the rising air breaks through this convective cap, everything explodes 
upward.

Shapes and sizes
Thunderstorms come in different shapes and sizes. The smaller ones are less 
severe, as a rule, although even a modest-sized storm can cause heavy rains or 
hail and dangerous lightning. And their downbursts can be a threat to airplane 
pilots.

And the supercells, well, they’re in a class by themselves.

Single cell
A single-cell thunderstorm usually lasts between 40 to 60 minutes. They can pro-
duce downbursts, hail, heavy rainfall, and once in a while even a weak tornado, 
but most single-cell storms do not produce severe weather. In fact, a completely 
isolated single-cell storm is really kind of a rare creature. The conditions that 
make a single storm usually can just as easily make more than a single storm. And 
thunderstorms that seem to be separate single cells can be linked by their updrafts 
and downdrafts that feed on one another.

A typical single-cell storm is relatively brief because winds are usually light. The 
storm stands up straight under such circumstances and before long the cool 
downdraft collapses directly onto the warm updraft. As Figure 9-3 illustrates, the 
big difference between such a minor thunderstorm and a severe thunderstorm is 
in the tilt. If the winds can push the storm over at an angle, the downdraft will fall 
ahead or behind the updraft, and the cell will continue to grow.
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Air-mass thunderstorms is a name that is sometimes given to common single-cell 
or multicell thunderstorms that rise quickly in the heat of the afternoon and dis-
sipate in about an hour. They are not related to a front of air or other weather 
system. These types of thunderstorms are especially common in the humid sum-
mer days in the southeastern United States, especially Florida.

Clusters
The most common of the storm types, multicell clusters are groups of cells in dif-
ferent stages of development, moving as a single unit, and capable of moderate 
hail, flash floods, and weak tornadoes. Forecasters know immediately that a clus-
ter is much more likely to produce severe weather than a single-cell storm.

In a multicell storm, as shown from the inside in Figure 9-4 and from the outside 
in Figure 9-5, the clouds along the leading edge of the storm will show signs of 
decay, their wind-driven anvil tops pulled out ahead of the cluster. The stronger 
updraft clouds will be near the center. A flanking line of developing clouds brings 
up the rear, facing the wind, which is usually from the west or southwest.

Typically, rain or hail falls from the highest towers. Some clusters are well- 
organized systems that can produce severe weather, while others are not so likely 
to do so. The threat of flash flooding is much higher from multicell clusters than 
single-cell storms. Clusters can also produce hail the size of golf balls and winds 
up to 80 miles per hour.

FIGURE 9-3: 
A single-cell 

thunderstorm. 
Jim Reed
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Complexes
Thunderstorm cells also can organize themselves into large circular cluster sys-
tems called mesoscale convective complexes. (Mesoscale is a five-dollar word for 
something that is usually a couple hundred miles across.) A squall line is a meso-
scale complex, but they can also take shape in large circular systems, as the satel-
lite image of Figure 9-6 illustrates.

FIGURE 9-4: 
Inside a multicell 

cluster 
thunderstorm.

FIGURE 9-5: 
A multicell cluster 

thunderstorm. 
Jim Reed
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As their downdrafts and updrafts feed off each other, dying off in one spot and 
building up in another, these systems also develop other features that help keep 
them going for hours. The cold, dense downdrafts force warm moist air upward, 
and as more and more of them begin working together, such a system can develop 
its own low pressure at the surface, causing air to rush inward and adding to the 
rising motion.

These complexes are great pulsating circles of thunder and lightning, rain and 
wind. Often forming at night, such a complex can spread over hundreds of square 
miles, covering a whole state at a time. They last for 12 hours, on average, but they 
can last 24 hours. Tornadoes can form, but the biggest threat from these com-
plexes is flooding. They can bring hours of heavy rain to an area. According to one 
estimate, these complexes account for 80 percent of the rainfall supply during the 
growing season in the U.S. Midwestern cornbelt.

These systems can begin taking shape in late afternoon or early evening in the 
Great Plains or the Missouri River Valley and tend to reach their peak during the 
late night and early morning hours. As they build in strength they tend to migrate 
eastward, sometimes reaching the Great Lakes or the East Coast.

Squall lines
Thunderstorm cells can organize themselves along a narrow line that runs for 
 hundreds of miles in front of an advancing cold front. Squall lines can form up 
against a cold front, where the dense cold air is plowing under warm moisture, 

FIGURE 9-6: 
A thunderstorm 

complex. 
Jim Reed
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making it rise. Also, somehow, they can develop as far as 100 miles out ahead of the 
front in the warm, moist air mass of a middle latitude storm, which Chapter  8 
describes.

Early in the day, squall line thunderstorms typically form near the front. Later in 
the day, the building downdrafts from the front pushes the line farther east. 
Helped along by the rising air motion during the heat of the day, squall lines ahead 
of cold fronts usually reach their peak strength in late afternoon and evening. 
Usually they weaken overnight as surface temperatures cool.

Their cells have a somewhat different look to them. While most advancing thun-
derstorms dump heavy downpours of rain or hail in front of them, as Figure 9-7 
illustrates, squall line cells lead with their winds.

A dark bank of clouds coming out of the western sky, a squall line arrives with a 
bang (see Figure 9-8). Its long straight-line gust front of in-rushing warm, moist 
air can reach 80 miles per hour, hurricane force, and its powerful, cold downdrafts 
can come with sudden bursts of rain or hail. Weak tornadoes can form along squall 
lines, but their greatest threat is flash flooding. Driven by an advancing cold front, 
a squall line usually moves fairly quickly through an area, although layers of heavy 
clouds in its trail can bring hours of heavy rain. And when their frontal system 
stalls, squall line cells can drift back and forth, bringing torrential rains.

An approaching squall line can play tricks on you. Looking at the dark clouds lead-
ing the way, you might think the storm will blow over once they pass. But often 
behind the dark roll is heavy rainfall coming from the lighter clouds in the milky 
sky that you can’t see so well.

FIGURE 9-7: 
Inside a  

squall line 
thunderstorm.
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Airports and airlines keep their eyes peeled for these great walls of violent winds. 
Pilots can find themselves diverted hundreds of miles off of their normal flight 
paths in order to avoid a big bank of 50,000-foot-high squall line clouds.

Supercell
A giant tornado machine known as a supercell is a thunderstorm with a deep rotat-
ing updraft, hence the name rotating supercell. Its cloud, a cumulonimbus described 
in Chapter 6, reaches up 10 miles or more through the whole layer of atmosphere 
where weather takes place. While clusters and squall lines are organized into sep-
arate cells that move together, a supercell operates more or less like an economy-
sized package of a single-cell storm — run amok!

There is also a key difference in the rear flanking line, the part of the storm that 
looks like the tail. In a cluster, this side facing the wind is generating updrafts that 
will make new cells that compete with the old cells. This single-cell giant, on the 
other hand, doesn’t put up with competition. The updrafts of the flanking line are 
pulled directly in to feed the updraft of the supercell.

FIGURE 9-8: 
Satellite photo of 

a squall line of 
thunderstorms. 

National Oceanic and Atmospheric Administration/Department of Commerce
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A supercell gets its updraft rotation by tilting the winds. This rotation speeds up the 
updraft, causing the cell to grow bigger faster. When the air comes rushing into the 
storm, it spins horizontally, like a pencil rolling across the top of a desk. You can 
see the effect of this motion in the rolled look in the cloud of the storm’s gust front.

As the air flow gets yanked up into the updraft, the angle of its spin changes. The 
pencil is still spinning, but it’s been pulled up on its end, so it’s spinning like a top.

If a supercell is going to produce tornadoes, this is where they often will appear — 
toward the rear part of the storm, in an area of twisted spin, where the rolling 
downdraft in the flanking line meets the rotating updraft.

A supercell is extremely dangerous (see Figures 9-9 and 9-10). Everything that is 
hazardous about thunderstorms is most hazardous about supercells, including 
their heavy rains and chances of flooding, the size of their hailstones, the strength 
of their winds, and the size and violence of the tornadoes they spawn. In this 
sense, they are more predictable than other thunderstorms. When forecasters 
identify a storm as a supercell, they know that the risks to public safety are high, 
and it’s time to issue a severe weather warning.

FIGURE 9-9: 
Inside a supercell 

thunderstorm.
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Hail the Size of Hailstones
It’s pretty remarkable, when you think about it, these large pieces of ice falling 
from the sky in the warmth of a spring or summer day. Imagine the temperature 
differences and powerful wind shifts for such cold and heavy objects to form up in 
the clouds and then suddenly fall from the sky.

You would think that something that is responsible for more than $1 billion in 
property damages and crop losses ever year in the United States would get more 
respect. But no, when it comes to hailstones, they seem to exist only in relation to 
other objects.

Look what happens when people talk about hail: When it is relatively small, as it 
is most of the time, it is said to be pea-sized. When things really get cooking up 
there and it makes a few round trips of downdrafts and updrafts before falling an 
inch or so in diameter, then it is said to be golf ball–sized. When it really gets out 
of hand, the sky lets loose with hailstones that are baseball-sized or softball-sized  
or even grapefruit-sized. Chapter 3 describes the formation of hail.

Hailstones are damaging and can cause injury, and once in a while, even death. 
History records a hailstorm on April 22, 1888, that killed 246 people in the  
Moradabad and Baheri districts in northern India. In May 1986, an intense hail-
storm in China killed 100 people and injured 9,000. Figure 9-11 shows you the 
average number of days of hail throughout the United States.

FIGURE 9-10: 
A supercell 

thunderstorm. 
Jim Reed
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Flash Floods
Thunderstorms are the deadliest of all storms. Fast-moving thunderstorms bring 
more hail and tornadoes, but the slow-moving thunderstorms really are the 
worst. Their torrential rains bring a high risk of flash flooding — flooding that 
occurs in a matter of minutes or hours.

The National Weather Service calls flash floods “the Number One weather-related 
killer in the United States.” Statistics come and go from one year to the next, but 
deaths caused by flooding rank high on every year’s list. Unlike hurricanes and 
tornadoes, flooding is a lethal threat in every state. Chapter 10 describes floods in 
detail as well as the advice of experts about what you can do to prepare for these 
disasters.

HAIL OF FAME
For the record, supercells in three locales vie for the title of producing the world’s  
largest hailstone, all with irregularly shaped diameters in the range of 8 to 9 inches  
(20 to 23 centimeters): in the Libyan capital of Tripoli on October 27, 2020; in Villa Carlos 
Paz, Argentina on February 8, 2018; and in Vivian, South Dakota on July 23, 2010.

FIGURE 9-11: 
The average 

number of days 
hail is observed.
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ZAP! Crack! Bam!
Lightning is just too weird. Out of this tremendously wet and cold up-and-down 
turbulence of winds and ice crystals and rain comes this humongous spark of elec-
tricity. I mean, are you sure? I’m not much of an electrician, I have to admit, but 
still, up there in the sky in the middle of that blustery rain and hail — this really 
is not where I expect to find this stuff.

I’m not the only one. Lightning is one of those strange subjects that seems to get 
weirder and weirder the more you look into it. Scientists have this little phrase 
that they use when they don’t have a very good grip on something. They say it is 
not well understood. When I hear those words, the tune that used to introduce the 
old television drama Twilight Zone pops into my head, and the hairs start to rise on 
the backs of my arms. (Do you suppose that it’s the static electricity in the air?) 
Anyway, when they start describing the processes that produce the various elec-
trical features of a thunderstorm, look for this little phrase and somewhere you 
should find it: It is not well understood.

For some reason, a giant cumulonimbus thunderstorm cloud, described in  
Chapter 6, develops positive and negative electrical charges in different parts. It’s 
like a big battery. Check out Figure 9-12. The ice crystals on top become positive, and 
the water droplets and rain at the bottom become negative. This strong negative 
voltage at the bottom of the cloud has a way of pushing the negative voltage on the 
ground out to the side of the storm, because like-voltages repel one another. So the 
ground beneath the negative bottom of the cloud is made positive. These different 
electrical charges grow stronger and stronger, and then ZAP! — a spark, a lightning 
bolt.

The same thing happens in cloud-to-cloud lightning, which is the most common 
sort. The positively charged portion of the cloud, usually near the top, sparks with 
the negatively charged parts of another cloud, and the sky lights up with a giant 
streak.

Four out of five lightning bolts are within the cloud of a thunderstorm or flash 
from one cloud to another. About one in five travel from a cloud to the ground, 
which is enough already.

A stroke of lightning heats the air it strikes up to 54,000 degrees — roughly five 
times hotter than the surface of the Sun. Go figure.

Lightning is the most common cause of wildfires, a particular menace in the 
western United States. Each year, about 10,000 fires are started by lightning in the 
United States.
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Lightning strikes, and the air explodes, and the sound of the shockwave is thunder. 
The great boom lets go at the same instant as the lightning, but the sound waves 
travel so much slower than the light waves that the thunder always seems to fol-
low the lightning. Figure  9-12 shows the electrical charges and lightning that 
occur inside a thunderstorm.

Can lightning strike the same place twice? You bet it can. In fact, when you think 
about it, whatever led lightning to strike the first time can lead it to strike there 
again. Unless it’s no longer standing, of course. It is not uncommon for tall build-
ings to be struck often by lightning.

Rumbles and claps
The sound of distant lightning arrives as a deep rumble. It’s a much deeper, more 
muffled and uneven sound than the enormous crack  — or thunderclap  — and 
explosive boom from lightning that strikes nearby.

Why so different? Along the way, the higher pitched cracking parts in the sound 
wave get absorbed or scattered, and that really deep, low pitch is all that survives 
the trip. The lightning strike itself can cover quite a distance across the sky, some 
of it closer and some of it farther away, and the difference in the distance accounts 
for that uneven rumbling. Some parts of the sound have farther to go than others, 
and so arrive later.

FIGURE 9-12: 
The electrical 
charges and 

lightning inside a 
thunderstorm.
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How far away can you hear thunder? When it comes to traveling sound waves, a 
lot depends on conditions in the atmosphere, and as you can imagine, when light-
ning is in the sky, conditions can get pretty goofy. On average, 10 miles is about 
the limit, although as much as 25 miles may be possible under some rare 
circumstances.

There is a name for lightning that is too far away for its thunder to be heard. It’s 
called heat lightning. This has nothing to do with the heat or the lightning, of 
course, but only your distance from the flash. At this distance, usually you see it 
reflected off the face of a cloud.

Different strokes
The lightning that you see as a streak or a fork is called streak lightning or fork 
lightning. If the clouds obscure the streak, it is called sheet lightning. But lightning 
also comes in other shapes and sizes and colors that you wouldn’t believe.

Ball lightning
Once in a very great while, something called ball lightning is formed. A ball the 
size of a grapefruit or even as big as a basketball comes floating through the air, 
usually near the ground. It glows yellow or reddish, and it gives off a sizzling or 
crackling sound for several seconds before it disappears. This is truly an Unidenti-
fied Flying Object — a UFO. How this happens, nobody really knows.

COUNTING DOWN TO THUNDER
The speed of light: 186,000 miles per second.

The speed of sound: 1,100 feet per second.

For all practical purposes, at the speed of light you see lightning the instant it flashes. 
Hearing the thunder is another matter, and the huge difference between the travel 
times of these two waves allows you to estimate the distance to the thunderstorm.

It takes the sound of thunder five seconds to travel a mile. So if you count the seconds 
between the instant you see the lightning and the instant you hear its thunder, you can 
estimate how far you are from the lightning. If ten seconds passes, for example, it’s  
2 miles away.

Why does thunder seem to last so long while lightning is so brief? Again, it’s the speed of 
sound. It takes much longer for the thunder to reach you from the lightning stroke at 
the top of the cloud than from the streak you see near the ground.
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St. Elmo’s Fire
Another weird and rare thing happens sometimes, usually toward the end of a 
thunderstorm. Tall objects like the mast of a ship or the steeple of a church will 
begin to glow and sizzle and hiss and spark and the air around it will give off a 
strange greenish glow. Called St. Elmo’s Fire, this strange weather phenomena has 
been described as a natural “plasma” event, the same circumstance that causes 
neon lights to glow. The storm has built up such a strong difference in electrical 
charge between its cloud and the ground that air molecules begin to tear apart, and 
the blue and green glow is from its component gases, oxygen and nitrogen.

Sprites and jets
Even weirder things have been spotted at the very tops of some of the really big 
thunderclouds. Astronauts aboard the Space Shuttle and the International Space 
Station have reported some interesting views of this. While lightning is flashing 
far below, up at the very tops of some clouds, a gigantic red blob flashes as much 
as 60 miles above the cloud. This bright reddish thing has strange blue-green 
tentacles dangling from it.

Also, there are mysterious blue jets squirting up from the tops of some of these 
clouds. They travel about 60 miles per second and reach upwards of 30 miles 
above the clouds. Sprites and jets and ball lightning are the subjects of some 
interesting research, but for the time being, they are not well understood.

Lightning safety tips
Lightning is the thunderstorm’s most dangerous threat. On average, it kills  
80 people every year just in the United States and injures another 300 persons. 
Most people hit by lightning are not killed, and two out of three fully recover.

By the way, there is no truth to the notion that people struck by lightning still 
carry an electrical charge. It is perfectly safe and vitally important to give them 
immediate first aid.

When storms of a thunderstorm gather, when lightning is seen or the crack of 
thunder is heard nearby, a few things are worth remembering.

 » Take cover in a building, if possible. Inside, avoid electrical conductors like 
telephone wires, plumping pipes, and stoves.

 » Never take shelter under a tree. If out in the open, avoid tall structures, metal 
objects, and water.
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 » The lightning threat does not pass when the rain ends. Often, it strikes its 
victims when it is not raining or just after it has stopped.

 » Cars are relatively safe, as are airplanes, because even if they are struck, the 
lightning will travel around the metal body of the vehicle, rather than through 
its occupants.

Downbursts
The late Ted Fujita, the famous tornado researcher at the University of Chicago, 
discovered a powerful and dangerous feature of tornadoes while surveying the 
damage done by the worst bout of tornadoes ever to strike the United States — the 
super outbreak of 1974. Flying over West Virginia, Fujita noticed a particularly 
clear starburst pattern of wind damage down below.

This led him to realize that under some circumstances, downdrafts that carry cold 
air and precipitation down from the great heights of a supercell or squall line can 
hit the ground with powerful blasts of wind. When powerful downdraft winds 
reach the surface, they spread gusts of straight-flowing surface winds outward in 
all directions at speeds up to 165 miles per hour.

Fujita coined the terms downburst to describe the wind and decided they come in 
two sizes — microbursts that cover 2.5 miles or less, and larger macrobursts.

LIGHTNING RODS
When you hear it said that someone “acts as a lightning rod” on a particularly controver-
sial subject, the expression very nearly reflects what Ben Franklin had in mind with his 
invention 250 years ago.

The phrase means that someone is standing out and attracting all the criticism and 
attention, deflecting it away from others, who are able to go about their business.

What Franklin invented was a metal rod that sticks up higher than any other point at the 
top of a church steeple or other tall building that is an easy target for a lightning strike. 
Attached to the rod is wire that runs the length of the building and extends down into 
the ground. The rod attracts the lightning, which otherwise would strike the church, and 
the wire conducts the charge harmlessly to the ground.
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Downbursts can be invisible, clear air, or they can be accompanied by lashing 
rains. A dry downburst can fall out of virga, rain that evaporates before reaching 
the ground. The evaporation process cools the air, making it heavier than the air 
around it and causing it to speed downward.

What is peculiar about downbursts, however, is not so much their wind speeds as 
their abrupt change in wind direction. Such a wind formation poses a particular 
threat to airplanes that are landing or taking off at airports.

Put yourself in the pilot’s seat for a minute: Coming in for a landing, the pilot 
detects a powerful headwind and noses the plane upward to sail down through the 
extra lift. As the aircraft nears the runway, however, it passes through the center 
of the microburst, and in an instant the powerful headwind is a powerful tailwind. 
The plane suddenly loses altitude — and sometimes there is not enough altitude 
to lose.

During the 1970s and 1980s, microbursts were blamed for 27 airplane crashes in 
the United States that killed 491 people and injured another 206.

The discovery of microbursts led to the installation of millions of dollars’ worth of 
special radars, known as Terminal Doppler Weather Radars, and weather stations 
at airports around the United States during the 1990s to help air traffic controllers 
warn pilots when local conditions are ripe for these dangerous winds.

Because tornado comes from the Spanish word for turn, sometimes the Spanish 
word derecho — straight or direct — is used as a colorful way to describe macro-
bursts, the big winds that can run out straight ahead of a squall line. Behind an 
ugly gust front of dust and soil, dangerous and damaging straight-line winds can 
come with the force of a hurricane — at an estimated high speed of 167 miles per 
hour, it has the force of an F3 tornado.

These wind gusts, which generally last ten minutes or less, have been known to 
blow over trees and wreck farm buildings across hundreds of miles of countryside. 
Derechos most often occur at night as a squall line of thunderstorms develops 
across the Great Plains and spawns a series of downbursts in front of a long string 
of storms.

The key to these downbursts is the winds that are blowing a few miles above the 
ground. When the winds up there are strong and their air is dry, conditions for 
downbursts are ripe. Precipitation evaporates in the dry flow, dramatically cooling 
the winds and causing them to plunge to the ground.
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Really Twisted Winds
Tornadoes are nature’s most violent storms. No doubt about it. Nothing that the 
atmosphere can dish out is more destructive. They can sweep up anything that 
moves. They lift buildings from their foundations. The strongest even peel up 
roads! They make a swirling cloud of violently flying debris. They are very dan-
gerous to all living things, not only because of the sheer power of their winds, but 
the missiles of debris they create.

Wind measuring instruments are destroyed by tornadoes, although according to 
reliable estimates, their winds can exceed 250 miles per hour. Flying at those 
speeds, pieces of straw can penetrate wood. According to most scientists, the top 
wind speeds in the strongest tornadoes are about 280 miles per hour.

In an average year, 1,200 tornadoes are reported in the United States, far more 
than any other place in the world.

On average, tornadoes cause 80 deaths in the United States every year and 1,500 
injuries, although averages don’t mean very much when it comes to these storms. 
In 1998, for example, 130 people died in tornadoes in the United States, including 
42 who were killed in an outbreak in central Florida and 34 who died in a single 
tornado in Birmingham, Alabama. Most human casualties are people in mobile 
homes and vehicles. The deadliest single tornado struck on March 18, 1925.  
In three and a half hours, it traveled 219 miles through Missouri, Illinois, and 
Indiana, killing 695 people.

EL TERRIBLE DERECHO
The most costly and damaging derecho on record tore through the U.S. Midwest on 
August 10, 2020. Powered by a long line of thunderstorms, its hurricane-force, straight-
line wind knocked down trees and powerlines, tore up farm equipment, and ruined  
millions of acres of crops from western Iowa to eastern Nebraska.

Folks accustomed to severe weather had never seen anything like it. Its winds reached 
more than 100 miles per hour. An event that typically lasts 10 to 20 minutes blew for 
nearly an hour. It spawned 25 tornadoes that ripped across Iowa, Illinois, Wisconsin, 
and Indiana. It killed four people. Property damage was estimated at up to $11 billion. 
Thousands of residents were without electrical power for weeks. By a particularly rare 
coincidence, another derecho clobbered Colorado and Wyoming two months earlier.
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Most tornadoes, nearly 90 percent, travel from the southwest to the northeast, 
although some follow quick-changing zigzag paths. Weak tornadoes, or decaying 
tornadoes, often have a think ropelike appearance. The most violent tornadoes 
have a broad, dark funnel-shape that extends from a dark wall cloud of a large 
thunderstorm; these are known as “wedge tornadoes.”

There have been reports of some tornadoes that practically stand still, hovering 
over a single field.

Others crawl along at 5 miles per hour. But the average tornado travels 35 miles 
per hour, and some have been clocked at more than 70 miles per hour. A tornado 
in 1917 traveled a record 293 miles. The average width of a tornado’s path is about 
140 yards, although some have been reported to be more than a mile wide.

Most tornadoes occur between 3 p.m. and 9 p.m., although they have been known 
to strike at all hours of the day or night. They usually last only about 15 minutes, 
usually moving constantly, spending only a matter of seconds in any single place, 
although some have been known to stay on the ground for hours.

Twisters over water are called waterspouts. Some of them are merely the result of 
land-formed tornadoes moving out over water, but most of them are not. They are 
a different kettle of fish. More often, a waterspout is a whirlwind that forms over 
warm water. The experts say that waterspouts tend to develop under rapidly 
growing cumulus clouds. Tornadoes, on the other hand, form under clouds that 
have already matured into giant clusters or supercells (see Figure 9-13).

THE SUPER OUTBREAK OF 1974
The worst tornado outbreak in history occurred in the United States April 3-4, 1974.  
A total of 148 twisters touched down in 13 states and Canada — Alabama, Georgia, 
Illinois, Indiana, Kentucky, Michigan, Mississippi, North Carolina, Ohio, South Carolina, 
Tennessee, Virginia, and West Virginia. It lasted 16 hours. A total of 330 people were 
killed, and 5,484 were injured.

The Super Outbreak was the most tornadoes in the most states, but it was not the 
deadliest tornado outbreak. That was the Tri-State Tornado of March 18, 1925, when 
695 people were killed in Missouri, Illinois, and Indiana.

Property damage from the Super Outbreak was estimated at $600 million at the time. 
Especially hard hit were the states of Alabama, Kentucky, and Ohio. The most damaging 
and deadly twister hit Xenia, Ohio. A tornado touched down southwest of Xenia and 
destroyed half of the town. The death toll was 34 in Xenia and damage to property 
totaled $100 million.
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Waterspouts are weaker and smaller than tornadoes, although their winds can 
reach 90 miles per hour and can damage boats. The warm ocean waters near the 
Florida Keys seem to make more waterspouts than anywhere else, although they 
also occur over large lakes such as the Great Lakes or even high mountain lakes 
such as Lake Tahoe in the Sierra Nevada. The Great Lakes waterspouts usually 
come in late autumn when a cold air mass moves over the warm water.

FIGURE 9-13: 
When tornadoes 

are likely to 
occur.

THE CHASE IS ON
There are storm chasers, and then there are the rest of us. If the very idea of chasing a 
severe thunderstorm so that you can get as close as possible to a tornado — the most 
violent and dangerous storm on the planet — sounds absolutely crazy to you, well hold 
that thought. It is the wiser part of human nature to seek shelter from the storm.

Besides, by all accounts, there are already enough people out there driving along those 
narrow country roads of the plains, through the winds and the rains, stalking the wily 
tornado. Some are meteorologists with mobile Doppler radars doing serious science. 
Some are out there more for the thrill of witnessing the incredible fury of nature.

Many storm chasers do valuable work, and their daring has become an important part 
of tornado science. The mobile radars are seeing ever more clearly the fine details of air 
flows inside of storms. Observations continue to add new wrinkles and features to ideas 
about how and why one storm forms a tornado and another storm doesn’t. And the 
spotters provide valuable information to storm forecasters.

For the rest of us, there are the videos they bring back that end up on television. And, of 
course, in the warmth and safety of our homes now, there is the 1996 movie Twister and 
the 2014 film Into the Storm.
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Tornado Alley
The size of the place known as Tornado Alley expands through spring and summer 
as heating from the Sun grows warmer and the flow of warm moisture from  
the Gulf of Mexico spreads farther north. An area that includes central Texas, 
Oklahoma, and Kansas is the hard core of the season, but before it is over, Tornado 
Alley extends north to Nebraska and Iowa. And as Figure 9-14 illustrates, it covers 
most of the region from the Rocky Mountains to the Appalachians.

It shrinks and swells over time, but there is only one Tornado Alley. Nowhere else 
in the world sees weather conditions in a combination that is so perfect for these 
storms. Here’s what makes the storms of Tornado Alley so bad:

 » Beginning in spring and continuing through summer, low-level winds from the 
south and southeast bring a plentiful supply of warm tropical moisture up 
from the Gulf of Mexico into the Great Plains.

FIGURE 9-14: 
Tornado Alley.
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 » From down off of the eastern slopes of the Rocky Mountains or from out of 
the deserts of northern Mexico come other flows of very dry air that travels 
about 3,000 feet above the ground.

 » From 10,000 feet, the prevailing westerly winds, sometimes accompanied by a 
powerful jet stream, race overhead, carrying cool air from the Pacific Ocean.

Sometimes, the winds form a convective cap lid of warm air over the Plains that 
the rising air is eventually able to break through and explode upward into the sky 
(see Figure 9-15). These are the ingredients for the most severe thunderstorms 
and most powerful twisters — sharp differences in temperatures at different lev-
els, big contrasts in dryness and moisture, and layers of powerful winds that are 
blowing from different directions at different speeds.

Forecasting
Weather forecasters in Tornado Alley have a pretty good idea of the menu of con-
ditions that are necessary to make severe thunderstorms, and they’re pretty good 
at being able to forecast that severe thunderstorms are on the way. They can say 
that large hailstones and strong winds are likely, and a tornado is a possibility 
during the next several hours or the next day or two.

FIGURE 9-15: 
A satellite image 

of a mesoscale 
convective 

complex. 
National Oceanic and Atmospheric Administration/National Climatic Data Center
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But they can’t forecast a tornado. The question of which of the conditions on the 
menu for severe thunderstorms actually causes tornadoes to form in these storms 
remains one of the most difficult mysteries of weather science. A severe thunder-
storm that causes a tornado can look exactly like a severe thunderstorm that does 
not cause a tornado. Weather researchers have been working on the problem for 
years, chasing tornadoes all over the countryside, and still it is one of those things 
that is not well understood.

The presence in the area of supercell thunderstorms really puts pressure on fore-
casters in local weather service field offices. The national Storm Prediction Center 
in Norman, Oklahoma, is on the phone giving advice, but the buck stops in the 
local office. The local forecasters know that a lethal tornado could come spinning 
down out of the dark cloud at any moment, but they can’t be sure until they see it 
show up on a Doppler radar screen or a funnel is actually observed.

Billions of dollars have been spent in the last several years on research and com-
puter modeling and radars and satellite technologies and high-speed communi-
cations, and progress has been made. On average, when tornado warnings were 
issued in 1994, communities had 6 minutes to react. By 1998, the average lead 
time for warnings had been stretched to 13 minutes, and extending lead time fur-
ther is a goal of continuing research.

Television meteorologists, other media outlets, and mobile phone apps play vital 
roles in such weather emergencies, continuously broadcasting the locations and 
predicted paths of tornadoes. Many lives are being saved by the increased public 
awareness and the lengthening time of advance warning that is available. In fact, 
the longer lead-time has reached the point where people are rethinking the idea of 
public shelters for tornadoes. As minutes are added to advance warnings, now it 
may be possible for people in harm’s way to rush to a shelter before a tornado hits.

More than 15,000 severe storm and tornado watches and warnings are issued by 
the National Weather Service every year. Most of the time they are accurate. 
Sometimes they are missed. Occasionally there are false alarms. The successes are 
taken for granted and often overlooked in the details of a tornado disaster. The 
failures and the false alarms seem to be remembered forever. Perfectly reasonable 
people who will forgive you for missing the rain on their picnic now have a differ-
ent attitude. When it comes to tornadoes, they want perfection.

The famous tornado researcher from the University of Chicago, the late Ted Fujita, 
devised a scale to measure the power and damage of these whirlwinds. When 
meteorologists and storm chasers talk about Category-1 or F-3 tornadoes, they 
are using the Fujita Scale.

Table 9-1 shows you how to use the Fujita Scale to tell one tornado from another.
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FINLAY’S SECRET STORMS
The world’s first tornado expert was a U.S. Army sergeant named John Finlay, who was 
assigned the job of researching these storms in 1882. The National Weather Service was 
a brand-new agency under the army’s Signal Service, and Finlay was assigned to figure 
out how to predict these mysterious killer storms.

By 1887, he had a network of 2,400 volunteers reporting tornadoes, and Finlay’s pio-
neering research was leading to better understanding of what it takes to make a twister. 
He was focusing his early prediction efforts on dewpoint and winds.

Then a curious thing happened. The Signal Service officials decided that public panic 
was a bigger threat than tornadoes. At a time when much of the western plains were 
still being settled, did it occur to the powers-that-be that Finlay’s results were not good 
for real estate values? In any event, they banned the use of the word “tornado” in fore-
casts and abolished Finlay’s research unit.

“Tornado” was officially forbidden until 1938, and it wasn’t until the 1950s that the 
nation’s weather service began issuing forecasts for severe thunderstorms and 
tornadoes.

TABLE 9-1	 Interpreting the Enhanced Fujita Scale
Category Description

Category F0 Gale tornado, winds 65–86 mph (105–137 km/h). Light damage. Some damage to chimneys, 
branches broken off trees, shallow-rooted trees pushed over, damage to sign boards.

Category F1 Moderate tornado, winds 86–110 mph (138–177 km/h). Moderate damage. Roof surfaces 
peeled off, mobile homes pushed off foundations or overturned, moving cars pushed off 
the roads.

Category F2 Significant tornado, winds 111–135 mph (178–217 km/h). Considerable damage. Roofs torn 
off frame houses, mobile homes demolished, rail cars pushed over, large trees snapped or 
uprooted, light-object “missiles” generated.

Category F3 Severe tornado, winds 136–165 mph (218–266 km/h). Severe damage. Roofs and some walls 
torn off well-constructed houses, trains overturned, most trees in forest uprooted, heavy 
cars lifted off the ground and thrown.

Category F4 Devastating tornado, winds 166–200 mph (267–322 km/h). Devastating damage.  
Well-constructed houses leveled, structure with weak foundation blown off some distance, 
cars thrown, and large missiles generated.

Category F5 Incredible tornado, winds over 200 mph (over 322 km/h). Incredible damage. Strong frame 
houses lifted off foundations and carried considerable distance to disintegrate, automobile-
sized missiles fly more than 100 yards, bark torn from trees, incredible phenomena occur.
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Lives and Limbs
What are the odds of a tornado crossing your path? Even in Tornado Alley, the 
odds are against such an unhappy occasion. When it happens, of course, it’s a  
disaster — but still, the odds are high against it.

People think about tornadoes in tornado country the way people in the Southeast 
think about hurricanes and people in California think about earthquakes. It’s part 
of the background of daily life that you really don’t give very much thought to, 
because chances are, it’s not going to happen.

TORNADO MYTHS
For a long time, people were told to open the windows on the sides of their houses that 
are away from the path of an approaching twister. This was to equalize the air pressure 
inside and outside the house, because experts thought that the tornado’s low pressure 
caused the house to “explode.”

Well, it turns out that houses don’t really “explode,” the debris pile just looks like it 
sometimes. Often, the wind lifts the roof off, and the walls are peeled away like onion 
skins. Also, weather scientists realized that the most powerful storms on Earth were not 
going to be affected one way or another by a few panes of glass.

There are a number of myths about tornadoes, such as the thought that hills protect 
areas from tornadoes, and that Mammatus Clouds, which hang from the undersides of 
thunderstorm anvils, spin out tornadoes.

The Super Outbreak of 1974 debunked several myths in just a few fell swoops.

One was that a tornado won’t touch down where two big rivers come together. On  
April 3, 1974, a tornado hit the town of Cairo, Illinois, where the Ohio River joins the 
Mississippi.

Another myth was that tornadoes won’t go up or down hills. One Super Outbreak tor-
nado hit Guin, Alabama, climbed 1,640-foot Monte Sano Mountain, and roared down 
the other side. Another formed at 1,800 feet east of Mulberry Gap, Tennessee, crossed 
a 3,000-foot ridge, moved down the canyon, and then climbed 3,300-foot Rich Nob.

Do tornadoes stay out of steep valleys? That was another myth that bit the dust April 3, 
1974. A tornado hit Monticello, Indiana, wiping out three schools, and then descended a 
60-foot bluff over the Tippecanoe River and damaged homes.
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The five-dollar word for this is complacency  — a self-satisfied unawareness of  
danger — and somebody is always getting on their high horse about it. The truth 
is, day in and day out, most people have other things to worry about that just seem 
more real. And it’s just human nature to be optimistic, and to think things are 
going to turn out for the best. But it leaves you and me open for some terrible sur-
prises once in a while, which is kind of sad, when you think about it. Government 
people in the disaster business and American Red Cross relief workers who deal 
with victims of these storms see this sense of surprise on people’s faces all  
the time.

A watch or a warning?
Don’t confuse a “watch” with a “warning.” There is a big difference. Here is what 
they are about:

 » Tornado Watch: When National Weather Service forecasters issue a Tornado 
Watch, they are making a forecast that tornadoes are possible in your area. It’s 
time to remain alert to signs of approaching storms and to make sure that 
you are prepared for an emergency.

 » Tornado Warning: This is an emergency message. A tornado has been sighted 
in your area, or weather radar indicates one is present. Now is the time to get 
to safety, to put your emergency plan into action.

Tornado do’s — and nots!
The National Weather Service and the American Red Cross have put together these 
basic tips about tornado safety:

 » Seek shelter immediately, preferably underground in a basement, or in an 
interior room on the lowest floor such as a closet or bathroom.

 » Stay away from windows.

 » Get out of your car or your mobile home and seek shelter in a sturdy struc-
ture. In the open, lie flat in a ditch or depression.

 » Protect your head from flying debris.

 » Do not try to outrun a tornado in your car.

 » Do not seek shelter under a bridge or overpass. The idea that these are safe 
shelters is just plain wrong.
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THE FASTEST WIND ON EARTH
One of the most powerful tornadoes ever observed struck the outskirts of Oklahoma 
City on May 3, 1999. This giant twister, a half-mile wide, had the fastest winds ever 
recorded on Earth. Radar readings of the F-5 tornado that hit Moore, Oklahoma, that 
day measured the winds at 302 miles per hour (or 135 meters per second). The fastest 
winds were between 150 feet and 300 feet above the ground. The path of this tornado 
covered more than 40 miles.

The twister was one of 78 tornadoes that formed the afternoon and evening that day in 
Oklahoma, northwest Texas, and south-central Kansas. The outbreak killed 48 people 
and injured 800. Most of the casualties were in Oklahoma, where 1,800 homes were 
destroyed, another 2,500 damaged.

Another twister that hit Moore, Oklahoma, on May 20, 2013, set other records besides 
wind speeds. Twenty-five people were killed, more than 200 injured, and 1,130 homes 
were destroyed. It damaged almost three times as many structures as any previous 
American tornado and caused property losses that were estimated at more than  
$2 billion at the time. It was the nation’s first billion-dollar tornado.
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Chapter 10
Extremely Summer

Let the poets fawn over spring, the April showers and the May flowers and 
what-have-you. Any school kid will tell you that summer is the season that 
weather is all about. All those long, dark days of winter and the dampness of 

spring are things you have to put up with just to get the world ready for another 
good dose of summertime.

Sure, it rains in the summer over the eastern two-thirds of the United States, but 
most days it comes and goes. The rainstorms of summer usually are not like the 
huge, cold, and powerful dead-of-winter storms that can keep a kid trapped 
indoors all day.

But summer can be a season of extremes. It is the time of year when the Sun’s 
energy is having its greatest effect on the atmosphere, the land, and the sea. When 
the Sun’s heat energy in the atmosphere is at its peak, a lot can go wrong in a 
hurry. If conditions are unusual in the atmosphere or in the ocean or over the 
land, the weather that results also can be unusual in a very big way.

The good ol’ summertime can be a time of weather disasters. Summer’s warmth 
suddenly can turn into a staggering heat wave. It is a time when severe thunder-
storms are possible over a large portion of the eastern two-thirds of the United 
States. The threat of tornadoes, which Chapter 9 describes, is at its peak. A single 
thunderstorm can cause a local flash flood. A large, stubborn pattern of thunder-
storms can bring days of torrential rains that cause big rivers to spill out of their 
banks.

IN THIS CHAPTER

 » Taking the heat

 » Facing the flood

 » Dreading the drought
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At the other extreme, summer is the time when drought — the lack of rainfall — 
is most likely to get everybody’s attention. The stage may have been set months 
earlier, when winter rain or snow failed to arrive to replenish reservoirs or 
groundwater. But now, in the parched heat of summer, is when the water is most 
sorely missed. The dangerous summer extremes of heat and rain and drought is 
what this chapter is all about. Chapter 7 describes tropical storms and hurricanes, 
which also begin showing up along the south and eastern coasts this time of year.

Good Ol’ Summer Timing
As with all seasons, which are controlled by Earth’s tilt as it orbits the Sun, which 
Chapter 3 describes, summer means something to astronomers that doesn’t have 
anything to do with the weather. Ask astronomers, and they will tell you that, rain 
or shine, summer begins on June 21 in the northern half of the world. That is the 
day of the summer solstice in the Northern Hemisphere (and the winter solstice in 
the Southern Hemisphere). As Figure  10-1 illustrates, June 21 is the day when 
Earth reaches the place along its path in space when its tilt allows the highest 
amount of the Sun’s radiation to reach the Northern Hemisphere.

Looking at the situation on June 21 from Earth, the daily path of the Sun across the 
sky has reached its highest point overhead, and from now on, the hours of day-
light will become shorter. At noon that day, the Sun’s track has reached as far 
north — as high overhead — as it is going to go. It will seem to sort of stay on that 
same track for a few days before you notice that it has started back toward the 
south. This impression that the Sun has stopped in its tracks is where the old Latin 
word solstice comes from: It means “sun stands still.”

June 21 does not make the same impression on somebody looking at the Northern 
Hemisphere’s sky as it does on somebody with stars in their eyes. On one hand, if 

FIGURE 10-1: 
The Sun is at 

highest point in 
the sky over 

Northern 
Hemisphere.
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you think of it as the first day of summer, like an astronomer, in most places in 
the United States, in most years, June 21 feels pretty late. Usually, the weather of 
summer has been around for a while. On the other hand, if you think of it as the 
beginning of the end of summer, when the Sun’s light is starting to fade from the 
Northern Hemisphere, June 21 feels too early.

Even though the sunlight starts to fade after that day, the temperatures in the 
Northern Hemisphere don’t really start cooling off during the days just after  
June 21. In fact, in the Northern Hemisphere, the warmest weather of the summer 
usually comes several weeks later, in July or August. Weather scientists explain 
the difference in timing this way: Even though daylight hours are growing shorter 
after June 21, for several weeks the amount of heat energy arriving from the Sun 
will still be more than the amount that the warmed Earth radiates back into space. 
So the summer warmth continues to build up. This seasonal lag is the time it takes 
for Earth’s atmosphere and land and oceans to respond to these sunlight changes.

The seasons come and go like clockwork in the eyes of astronomers. In the  
Northern Hemisphere, they will tell you, summer lasts 93.65 days. But the weather 
of summer doesn’t work that way. The Sun rises on time, it’s true, and the things 
that combine to make the season’s heatwaves and storms and floods and droughts 
all work together. But as every school kid and weather forecaster can tell you, 
nothing important about summer reminds you of a clock!

Coast to Coast
Summer is all about heat. The Sun has won back the land it gave up during autumn 
and winter to the cold air masses of the Northern Hemisphere. Once again, it’s the 
star of the show. The months of meteorological summer are generally considered 
June, July, and August, but the Sun’s energy — measured by the average daily  
temperature — really is the long and short of it. When average daily temperatures 
hit 68 degrees Fahrenheit, summer has arrived.

As Figure 10-2 illustrates, in the eastern two-thirds of the United States, when 
your summer arrives and how long it stays depends most of all on your latitude —  
the distance between you and the Equator. That’s the long and short of it. If 
68-degree daily average temperature is the general rule, summer arrives as early 
as March 1 in southern Florida and as late as July 1 in northern Maine.

Out West it’s a different story. It is still true that latitude is important, of course. 
The desert climates of the Southwest are as famous as Florida for their long and 
hot summers as well as their short and warm winters. And the differences between 
the Southwestern summer and the Northwestern summer certainly are big. But 
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two other large features in the western third of the United States have a lot to do 
with summer temperatures and weather. While the valleys get hot in summer, in 
large areas of the mountainous west — the Rocky Mountains, the Sierra, and the 
Cascade ranges — daytime temperatures stay cooler because of their elevation. 
Second, the prevailing westerly winds keep flowing over much of the west. Pacific 
Ocean air is drier and cooler than flows prevailing elsewhere in the country.

Chilled by the Pacific Ocean’s cold, southward-flowing California Current, the air 
flowing inland over northern California and much of the west has a dewpoint — or 
temperature to reach saturation  — of 50 degrees Fahrenheit or so. This is  
nearly 20 degrees lower than the dewpoint of air near the Gulf Coast and over the 
Southeast. Flowing inland, and heating up over the western deserts, this Pacific 
air can reach a bone-dry relative humidity of 10 or 20 percent. It rises in this heat, 
of course, but it has a long way to go to reach its saturation point and create 
clouds. At the water’s surface, evaporation is putting a lot more water vapor into 
the air above the Southeast’s warm Gulf Stream than the West Coast’s cold 
 California Current.

The clues to the biggest differences between summer weather patterns in the 
eastern two-thirds of the country and summer weather out West are out in the 
oceans. As the Sun’s energy warms the Northern Hemisphere, two large high- 
pressure areas grow bigger and bigger out at sea — the Pacific High off the west 
coast, and the Bermuda High off the East and Gulf Coasts. You may think that 

FIGURE 10-2: 
Summer 

temperatures 
arrive at different 

times across the 
United States.
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these two high-pressure systems would have the same effect on weather in the 
United States, but just the opposite is true.

As Figure 10-3 illustrates, the most important difference is this: The West Coast is 
to the east of the Pacific High, and the East Coast is to the west of the Bermuda 
High. Because winds circulate clockwise around high pressure in the Northern 
Hemisphere, the two coasts get flows of air from very different parts of their 
neighboring oceans. Out West, the northerly flow keeps summertime conditions 
drier and cooler than they would be otherwise during the summer. In the East, the 
southerly flow of the neighboring Gulf and Atlantic makes some days more humid.

The vegetation on the landscape contributes to these big differences as well. In the 
West, the parched ground produces a plant life that survives by retaining moisture 
through the long, dry summers in the region. In the East, humid conditions pro-
duce a widespread leafy vegetation that feeds back large amounts of moisture into 
the air.

These big air flow differences affect more than temperatures. They mean that in 
much of the western third of the United States, summer is a relatively dry season. 
Outside of the rainy Pacific Northwest, most of the precipitation arrives in winter 
or spring. In the East, that constant flow of tropical moisture means it can rain all 
summer long. Check out Figure 10-4 and see the difference in the rainy seasons 
between Sacramento, California, and Washington, D.C., two cities that are on 
opposite sides of the country at pretty much the same latitude.

FIGURE 10-3: 
Different coasts, 
very different air 

flows.
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Avoiding That Radiant Feeling
Among people who know the effects of exposure to too much solar radiation  
worshipping the summer Sun has lost a lot of its charms, even in places like sunny 
California.

It’s not just the immediate pain of sunburn, although that can be bad enough. 
Especially if you skin is light, your complexion fair, overexposure to sunlight can 
come back to haunt you years later in more serious forms of suffering.

Sunburn is skin damage. Your skin has the ability to repair this damage, but only 
up to a point. The more often and more seriously you subject your skin cells to the 
damage of overexposure to sunlight, as a rule, the sooner you reach the limits of 
your skin’s ability to repair the damage, and the more serious the consequences.

Sun damage can lead to skin cancer years later. Skin cancer is the most common 
form of cancer. About 1 million cases of skin cancer are diagnosed every year in the 
United States. Most skin cancer can be easily treated if detected early, but not all 
of it. The disease kills more than 9,000 people a year in the United States.

Scientists have isolated the dangerous part of the sunlight. It’s the ultraviolet (UV) 
rays that travel at a wavelength of light that you and I can’t see. A layer of ozone 
high in the atmosphere filters out a lot of the UV radiation, but not all of it, and 
during summer, when the Sun is highest in the sky, levels of UV radiation can be 
especially hazardous.

The National Weather Service and other forecasting services have begun issuing a 
daily UV Index Forecast for many cities around the United States. Weather scien-
tists measure the ozone layer and other features like cloudiness and predict the 
intensity of the ultraviolet radiation reaching within about 30 miles of the city. It 
ranges from 0 to 15, from low to high UV intensity.

FIGURE 10-4: 
Rainy seasons for 
two cities at same 

latitude on 
opposite sides of 

the U.S.
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The Heat Is On
Wet or dry, summers in the United States are hot. The same thing that causes 
those giant masses of cold air to form in winter is responsible for big masses of 
hot air in the summer. Land reacts to the coming and going of the Sun’s heat 
energy in a big way, much more so than water. It absorbs the heat more easily and 
loses it quicker. The bigger the continent, as a rule, the more common the extremes 
of temperature. Most summers in the United States see dangerous heatwaves in 
one place or another.

West of the Rockies, it’s a dry heat, as the saying goes, meaning it is not very 
humid — but boy, can it get hot! The Pacific shoreline is bathed in cooling ocean 
breezes. In fact, San Francisco often is under a fog bank during summer. But travel 
inland and the temperature rises mile by mile. Leave San Francisco in 65 degrees 
Fahrenheit some summer afternoons, drive 90 miles east, and your poor body 
doesn’t know what to do with itself — in the Central Valley, it’s 105 degrees in the 
shade. (Incidentally, temperatures are always measured in the shade.) And in the 
desert Southwest, high pressure is building, and the place is ablaze this time of 
year. In Yuma, Arizona, for example, 107 degrees in July is a normal high 
temperature.

THE UV INDEX
Here are the official National Weather Service Ultraviolet Index exposure levels and  
protective measures suggested by the U.S. Environmental Protection Agency:

Index UV Exposure What To Do

0 to 2 Minimal Apply skin protection factor (SPF) 15 sunscreen

3 to 4 Low SPF 15 and protective clothing (hat)

5 to 6 Moderate SPF 15, protective clothing, and sunglasses

7 to 9 High SPF 15, protective clothing, sunglasses. Try to 
avoid the Sun between 10 a.m. and 4 p.m.

10+ Very High SPF 15, protective clothing, sunglasses, and 
avoid being in the Sun between 10 a.m.  
and 4 p.m.
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East of the Rockies, some of the time it’s a wet heat, as high temperatures combine 
with high humidity, but conditions are more changeable. A westerly wind can 
carry air that is so hot it breaks temperature records, but it is relatively dry air. A 
north wind can bring dry but relatively cool air from the north. Coming from the 
south or southeast, winds bringing in tropical warmth from the Gulf of Mexico or 
Atlantic can give the region a real bath.

Also, the warm temperatures of summer are more evenly spread around than the 
cold temperatures of winter. There is a bigger difference in the intensity of sun-
shine between north and south in the winter than the summer. In July, for 
instance, Fairbanks, Alaska, has an average high in the low 70s, while far to the 
south, Flagstaff, Arizona, see July highs that average in the low 80s. In winter, on 
the other hand, while Flagstaff has highs averaging 42 degrees, Fairbanks’ aver-
age high is –1. The mid-latitude storms, which feed off the differences between 
warm and cold air masses, are strong in winter and weaker in summer.

In January, most often there is big difference between temperatures in Houston, 
Texas, for example, and Minneapolis, Minnesota. In summer, however, most of 
the time a big, warm blanket of air covers the entire region, and the temperature 
differences are not as great. Sometimes, when the northward flow of warm 

THE SHADOW KNOWS
So why are temperatures always measured in the shade? After all, when I get really hot, 
as often as not it’s because I haven’t been in the shade, I’ve been too long in the Sun. 
Why let the thermometer cool it all day in the shade and tell me what the temperature 
around me would have been if I had?

There’s more than one good reason for measuring temperatures in the shade:

• A thermometer is made of material — glass, plastic, metal — that would warm very 
quickly and make the instrument’s readings radically higher than the air around it. 
In no time, you would have a lot of broken temperature records — and a lot of bro-
ken thermometers.

• Depending on such conditions of cloudiness and air quality, the intensity of sun-
shine goes up and down more often and more quickly than the temperature of the 
air. And the air can warm up or cool off for reasons that don’t have anything to do 
with the sunshine overhead.

• Taking temperatures in the shade is a standard that allows measurements to be 
compared the same way all over the world. Everybody’s sunlight might be a little 
different from everybody else’s from one day to the next, but everybody’s shade is 
the same.
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moisture from the Gulf of Mexico is strong, there is little difference in tempera-
tures and humidity between the southern Plains and the upper Midwest.

Heatwaves
When summer temperatures are on the rise, weather forecasters begin to worry 
when high pressure squats over a region for too long. They are keeping their eyes 
peeled not just on the temperatures you are feeling on the ground, but also on the 
temperatures in the air over your head. They are looking at the temperature profile 
of the air to see whether it continues to get cooler the higher it goes.

If the air is warmer overhead than it is at the surface, the building heat will be 
prevented from escaping up into the higher altitudes. These conditions form a 
temperature inversion that acts as a lid over the region, preventing the normal 
process of nighttime cooling. Not only does the heat stay low to the ground, but so 
does the air pollution. It’s like living in a hot room without any ventilation.

The National Weather Service defines a heatwave as a period of two days in a row 
when apparent temperatures on its official Heat Index are likely to be greater than 
105 degrees to 110 degrees Fahrenheit, although these standards depend greatly 
on local climate. A heatwave in Tucson, Arizona, does not kick in at the same tem-
peratures as a heatwave in Duluth, Minnesota.

Chapter 2 describes the official Heat Index that combines the effects of high tem-
peratures and humidity. This idea is like the wind chill factor that lets you know 
how cold it really feels when the wind is blowing at one speed or another. The Heat 
Index gives you the apparent temperature — how hot it really feels to the body in 
the shade when humidity is added to the actual temperature.

Heatwaves are very dangerous, and forecasters’ warnings about them should not 
be ignored. They are not just matters of discomfort or inconvenience. Your health 
and even your life can be at risk. The National Weather Service reports that in a 
normal year about 175 Americans die from the effects of the summer heat. This is 
a greater death toll than lightning, hurricanes, tornadoes, or floods. According to 
another estimate, every summer health officials in the United States point to heat 
as the key cause of about 2,000 deaths. Whatever the numbers, on average, the 
heat of summer kills more people than all weather hazards, with the possible 
exception of the cold of winter.

One study found that in the 40-year period from 1936 through 1975, nearly 20,000 
people were killed in the United States by the effects of heat and the Sun’s radia-
tion. In a disastrous heatwave of 1980, more than 1,250 people died.
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And these are the direct casualties. How many more deaths are advanced by heat-
wave weather? How many diseased or aging hearts give out that might have con-
tinued working under better conditions? Nobody really knows, but there are 
experts who believe that summer heat is the biggest killer of all.

Heat kills by taxing the human body beyond its abilities. The elderly are especially 
vulnerable because the cooling mechanisms of their bodies do not work as well. 
The same conditions that might cause heat cramps in a 17-year-old might cause 
more serious heat exhaustion in a 40-year-old, and in a person over 60 it can 
mean dangerous heat stroke.

CHICAGO’S SUMMER OF DEATH
Like everybody in the region, people in Chicago had heard that a heatwave was in the 
forecast. But hot, muggy weather comes with the season in the Midwest, and it’s some-
thing that everybody knows they just have to put up with once in a while. Nobody could 
foresee what would hit the city in four days in July 1995. It had never happened before.

The heat grew intense on July 12, climbing well above the 90-degree mark, and an inver-
sion layer of warm air overhead trapped the heat near the ground like a lid on a pot. But 
it was not just the heat. The spring had been especially wet, and humidity was very high. 
The dewpoint rose that night to 76 degrees, meaning the trapped air was so saturated 
that it would not absorb any more water vapor through the cooling evaporation of 
sweat from the body. This also had the effect of keeping nighttime temperatures espe-
cially high for two days. Temperatures reached 104 degrees on July 13, and the high 
humidity made it feel like 119 degrees.

For four days the city sweltered, and by the end of it, more than 700 people were dead 
from the effects of the heat. Many of the victims were elderly, and many were poor, 
without access to air conditioning. Many lived alone, and many lived in the top floors of 
apartment buildings.

Chicago’s tragedy changed the way public health officials and emergency managers 
think about and prepare for heatwaves. Now officials in large cities are on the lookout 
for these bouts of high temperatures and high humidity. They have plans to open air-
conditioned public buildings and alert citizens to the threat. And the National Weather 
Service has devised computer models that give up to two days’ advance warning of a 
coming heatwave.
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Stranded on crowded islands
Cities pose special hazards during periods of especially high summer tempera-
tures. Weather scientists refer to it as the heat island effect. The Sun’s rays beat 
down on pavements and sidewalks, the roofs and sides of buildings, and these 
surfaces absorb and hold the heat and are slow to give it up, especially at night. 
Day and night temperatures in a city can be several degrees hotter than the sur-
rounding countryside.

HOW HEAT KILLS
Your body is always generating heat. It wants to keep a certain level of heat inside — 
98.6 degrees Fahrenheit — but not more, so it needs a cooling system. Your heart, your 
blood vessels, your skin, and the glands that make you sweat all work together to do 
this job. Tiny blood vessels carry warm blood into your skin, which radiates it away. 
When necessary, glands pour sweat out onto your skin, and loss of the heat that is used 
to evaporate the liquid cools you off more.

Everything works pretty well until the temperature outside of your body rises above 90 
degrees and humidity is high. When the air already contains a lot of moisture — as it 
approaches its dewpoint, in other words — it doesn’t easily take up any more water 
vapor through evaporation. Evaporation rates depend on temperature, so your hot, 
perspiring skin is shedding plenty of moisture. Trouble is, when it is very hot, water 
vapor molecules are jumping onto your skin as fast or faster than evaporation can send 
them away. So even though you keep sweating, you don’t really get any cooler. Now 
your heart is pumping extra hard, although you may not notice it, but your cooling sys-
tem is on the blink. A lot of warm blood is flowing through your skin, but the tempera-
ture outside your body is almost as warm as it is inside your body. And your glands are 
pouring out liquid for the air to drink up, and cool you off, but the air isn’t thirsty.

The temperature of your body’s inner core begins to rise above 98.6 degrees, and you 
are flirting with serious illness. You’re sweating heavily. Painful muscle spasms called 
heat cramps may develop in your legs or abdomen. As your body temperature contin-
ues rising, you grow weak, pale, and clammy. Your pulse grows weak. You faint and 
vomit. Still the heat continues climbing inside your body. When your body temperature 
reaches 106 degrees, instead of sweating, your skin is hot and dry. Your heart is pump-
ing frantically, and your pulse is rapid and strong. You lose consciousness.

Now, I ask you: Is this any way to treat a body?
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The calm, stagnant air also causes the continual buildup of hazardous pollution 
from toxic exhausts of vehicles and factories. Making matters even worse, con-
stantly running air-conditioners means that demand for electricity skyrockets 
during heatwaves. Electrical power plants are usually located at remote distances 
from cities, and the long transmission lines also are stressed by the heat, some-
times leading to power failures.

Storms of Summer
The warm temperatures of summer have a large and long-term feel about them in 
many parts of the country. Sometimes you can imagine those long summer days 
lasting forever.

The storms of the season, on the other hand, look local and feel temporary. They 
are summer showers. Most of them pop up in the warmth of the late afternoon 
across much of the Midwest, although in the Plains, thunderstorms are common 
in the hours before dawn and after dusk. In a matter of minutes, they are gone, as 
quickly as they came. In a rush, first in big, blotchy drops and then in a sudden 
downpour, a little rain has fallen. The dust has been settled out of the air. Some-
times there is a strong scent of ozone gas that formed in the thunderstorm’s 
lightning.

COOLING IT
Experts at the National Weather Service and the American Red Cross offer these per-
sonal safety tips for people caught in a heatwave:

• Slow down. Avoid strenuous activity. Your body is already working extra hard.

• Dress lightly. Lightweight, light-colored clothes reflect heat and sunlight and keep 
you cooler.

• Eat lightly. Protein-rich foods increase body heat and water loss.

• Drink heavily. Your body needs plenty of water to keep cool, but avoid drinking 
alcohol, which dries out the body.

• Stay out of the Sun. Especially avoid sunburn, which makes it hard for the skin to 
release body heat.

• Find air-conditioning. If you do not have air-conditioning where you live, spend as 
much time as possible in an air-conditioned building, such as a library, theater, or 
other public place, such as a mall.
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But a storm of summer is not as local or as temporary as it looks. Sure, it came and 
went like a flash in the pan — charging up and blow off and then vanishing from 
the sky. But a weather scientist will tell you that the storm has left behind tem-
perature and humidity conditions in the atmosphere that make it easier for 
another thunderstorm to take shape there the next day.

Sure, most thunderstorms are small and brief weather events, but the conditions 
that make them likely often are large features of the sky that can hang around for 
months. The summer’s thunderstorms are creatures that thrive on heat and mois-
ture. Take those features out of the summer sky and poof! — no summer rainfall. 
As Figure 10-5 points out, the flow that supplies the tropical moisture that fuels 
summer storms east of the Rockies is part of a very large and long-lasting feature 
in the atmosphere over the Atlantic Ocean. While individual storms are usually 
small and seemingly minor, they are really part of a big, season-long rainfall 
pattern.

Thunderstorms are sensational. At a safe distance, they might strike you as majes-
tic creatures with their bright billowing castles of cumulus cloud and their great 
fibrous crowns spreading far and wide. Their lightning and thunder are always 
impressive. When they are on top of you, they can be fearsome events. Flash 
flooding is possible from their downpours. Their hail can destroy a crop in min-
utes. Their wind gusts can snap the branches of trees and twist their trunks. And 
their lightning is as dangerous as it looks.

And when conditions combine to allow thunderstorms to organize themselves 
into the larger systems described in Chapter 9, there is nothing brief or temporary 
about them. Their slow movement and torrential rains can bring flash floods that 

FIGURE 10-5: 
Summer 

moisture is part 
of a giant air flow 
over the Atlantic 

Ocean.
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are some of the most dangerous weather disasters. They can even persist so long 
during some summers that very large river flooding disasters spread across  
the land.

Out of Whack
When it comes to natural weather disasters in the United States and around the 
world, nothing in history compares to the devastation of the floods that follow too 
much rain, and the droughts and famines that follow too little.

Droughts and floods that result from season-long patterns of rainfall are related 
in an important way. If you’re not getting the summer rain you are accustomed to, 
it probably is falling on somebody else who is not expecting it and doesn’t want it 
nearly as much. Both your drought and their flood occur when important features of 
the ocean-atmosphere system are thrown out of whack.

Stubborn high-pressure systems can take shape over places that usually experi-
ence low pressure, and low-pressure systems are found in unusual places. Highs 
can block the normal flow of prevailing westerly winds in the upper atmosphere 
that help summer storms develop. Unusually shaped jet streams can push winter 
storms over deserts instead of forests.

WRONG TURNS
Experts say that nearly half of people who die during flash floods are people in cars or 
trucks whose drivers make two dangerous mistakes. Here’s where they make the wrong 
turns:

• They miscalculate the depth of water crossing a street or highway, so they don’t 
realize how deep as it is.

• They underestimate the power of the water to pick up their vehicle and float it 
away.

Water is heavy. A gallon weighs 8 and a half pounds, a cubic foot weighs 62.4 pounds, 
and a big bathtub of it weighs three quarters of a ton. Flowing water is powerful. Just  
6 inches of fast-flowing water can knock you off your feet. If your car stalls in just a foot  
of flowing water, it typically has 500 pounds of force pushing against it. And in 2 feet of 
water, the average car floats away.
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Chapter 12 describes the coupled ocean-atmosphere system and the climate con-
ditions such as El Niño and La Niña that lead to floods and droughts. Big changes 
in the temperatures of water at the surface of the oceans that last for several 
months are the kinds of things that can shift the locations of areas of heavy rain-
fall and dryness around the world.

For example, La Niña conditions, when temperatures across much of the Pacific 
are unusually cool, are sometimes blamed for droughts in the Midwest.

When It Rains Too Much . . .
Weather’s big winds, the tornadoes and hurricanes, get more media attention 
because of their made-for-television drama, but the real killers are floods (see 
Figure 10-6). Even in a hurricane, many more people are likely to perish in the 
flash floods of its coastal storm surge or its torrential inland rains than are likely 
to be casualties of its winds.

The widespread flooding that comes when big rivers break out of their banks usu-
ally takes an unfortunate combination of weather events, but it only takes a single 
thunderstorm to make a flash flood, a sudden small flood.

FIGURE 10-6: 
Flash flood in the 

Midwest. 
National Center for Atmospheric Research/University Corporation for Atmospheric Research/National Science Foundation
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Some of the worst floods occur in summer in the United States, especially in the 
eastern two-thirds of the nation, although flooding is a threat all year long to one 
part of the country or another.

Great storms of winter can overwhelm the big river systems when the land they 
drain won’t absorb any more water and they are already carrying the loads of run-
off from earlier rains. This happens sometimes when the eastward progress of big 
frontal systems becomes stalled and they concentrate their rainfall in one place.

In the west, rivers and streams flood occasionally when unusually heavy rain-
storms follow warm temperatures in late spring. The rain falls on melting moun-
tain snow, filling streams and rivers with more water than their banks can contain. 
In mountainous terrain, sudden torrential downpours can quickly fill small 
streams in narrow canyons with dangerously charging water.

East of the Rockies, flash floods are a common threat from severe thunderstorms 
in spring and summer. Flash floods and more widespread river flooding can occur 
especially when the severe thunderstorms organize themselves into the big sys-
tems described in Chapter 9.

In the Southwest, floodwaters can sweep down into the arroyos, the normally dry 
riverbeds of the desert, ripping across highways and into housing subdivisions 
that have been built in harm’s way.

The upper Midwest faces a special threat when melting ice jams form temporary 
dams that unexpectedly force flows from heavy spring rainstorms over 
riverbanks.

All across the country, spreading real estate development raises the risks of flood-
ing. Overflows that used to be harmless flooding of rural fields can become major 
threats in areas of urban sprawl. Streets and highways and parking lots, houses 
and buildings take the place of ground that used to absorb the rains, sharply 
increasing runoff from storms. Experts estimate that real estate development 
increases rainfall runoff two to six times over what would occur on natural ter-
rain. Housing and other development built in natural floodways pinches off the 
normal flows of small streams at the same time it raises the amount of storm 
drainage flowing into them. Urban storm drain systems can be quickly over-
whelmed by the sudden downpours of severe thunderstorms, turning streets into 
swiftly flowing rivers.

The tropical storms and hurricanes of summer and autumn, which Chapter  7 
describes, pose special flooding threats to coastal regions around the Gulf of Mex-
ico and along the eastern seaboard. Tidal surges combine with heavy rains from 
these giant storms that can choke coastal rivers and bays. Escape routes can be cut 
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THE FELONY SUMMER OF ’93
If bad weather were a criminal offense, the summer of 1993 would be in a dark cell of a 
bad prison. The season made a terrible mess of most of the eastern two-thirds of the 
United States. The Midwest was devastated with flooding of historic proportions, and 
the Southeast was hit with heatwaves and drought.

Weather scientists suspect that El Niño, warm water in the tropical Pacific Ocean, was 
an accomplice, but they can’t prove it. In any case, all summer long, low pressure hung 
high over the Great Plains, along with an especially powerful jet stream, and a giant 
Bermuda High pressure system blanketed the Midwest with warm moisture. Hoards of 
supercell thunderstorms dropped softball-sized hail in places, spawned nearly 650 tor-
nadoes, twice the normal number, and dumped torrential rains.

Widespread flooding along hundreds of miles of the Mississippi River system tore out 
bridges, swamped millions of acres of farmland and several towns (see figure). Caught 
in the dry eye of the Bermuda High, the Southeast had the second driest July on record 
and some of the hottest temperatures ever.

At the end of the summer, at least 100 people were dead from the effects of the heat in 
the Southeast and Northeast. Another 48 were dead from the floods. And the bill for 
the losses to property and crops for the season came to more than $16 billion.

National Center for Atmospheric Research/ 
University Corporation for Atmospheric Research/ 

National Science Foundation
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off by high water. Flooding threatens coastal communities and inland areas long 
after hurricanes lose their most powerful punch as they come ashore. In fact, 
flooding is a much bigger and more common threat from a hurricane than its 
powerful winds.

Widespread river flooding causes more property damage, but flash floods, the 
sudden rising of small streams and the swamping of streets, are more lethal to 
humans. They can develop in a matter of seconds. Floods kill about 100 people a 
year in the United States. Many victims are caught in their sleep when floods 
strike suddenly at night. Many others, nearly half of all flash flood victims, are 
caught in their cars and swept into floodwaters when they try to cross flooded 
areas of streets and highways.

When It Rains Too Little . . .
The long periods of below-normal precipitation known as droughts are common 
circumstances that are different from all other weather events. Droughts are the 
result of something that is expected, but doesn’t happen. Like floods, droughts 
occur almost every year somewhere in the United States, and their seasons depend 
on where you live. No matter where you live, however, summer is the season when 
the effects of drought always are most noticeable. This is the growing season 
when high temperatures evaporate the most moisture from the soil and everybody 
uses more water.

In some areas of the West, where summers are normally dry, a coming drought 
can be identified months in advance. Where the water supplies of farms and large 
urban populations depend on water from melted snow that is stored behind big 
reservoirs, you can see drought coming as soon as the winter snow season ends. 
When the depth of the mountain snow pack is measured and found to be too 
small, the word goes out to all water users who are downstream of the reservoirs. 
Farmers are warned that they will not receive their normal supplies for crop irri-
gation and people in cities are warned to expect rationing or other limitations on 
uses of water that are not considered necessary when times are dry. Southern 
Californians may suddenly realize that they live in a desert. Swimming pools and 
backyard spas may go empty, and lawns may go brown.

In the eastern two-thirds of the United States, where summers are normally wet, 
drought most often first shows itself in the heat of the season. In the regions that 
get much of their rainfall and water supplies in summer, drought is something 
that creeps up on you with the passing of the long days of dry skies. When you first 
hear the D-word, usually it’s from a farmer.
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Farmers who keep their eyes on the moisture of the soil are usually the first to 
notice the signs of drought and often are its biggest victims. City slickers may 
hardly notice a drought that can wreck a farmer’s year. Even a dry spell of several 
weeks that is not generally considered a drought can ruin a wheat crop in the 
Great Plains or a corn crop in the Midwest if it comes during the summer growing 
season. An agricultural drought is generally thought of as a lack of sufficient water 
for a particular crop, while a meteorological drought is a longer-term condition of 
below-normal rain.

WILDFIRE SEASON
Wildfire seasons are underway somewhere in the United States just about every month 
of the year. Because winter is the dry season in Florida, wildfires are a hazard very early 
in the year. Early spring is often the dry wildfire season over much of the East Coast, 
including New England, while the Midwest has wildfire seasons in the spring and fall. 
The South is often most at risk from wildfires in the fall, while the western states have a 
long wildfire season through the summer and autumn. Santa Ana winds, which 
Chapter 5 describes, can fan wildfires in Southern California clear through December.

Wildfires are affected by the kind of long-term seasonal differences you think of as cli-
mate factors. An especially dry or wet winter or spring or summer, for example, raises 
or lowers the risk of fire, and wildfires are more likely in drought conditions anytime, 
everywhere. Studying climate conditions, forecasters often can predict well in advance 
what level of seasonal fire danger a region might expect.

Wildfires also are affected by immediate weather events. In a matter of minutes, a rash 
of lightning storms can set off wildfires.

Bad fire weather conditions can combine with human error for disastrous results. In 
May 2000, a “controlled burn” fire set by the National Park Service to clear brush at the 
Bandelier National Monument flared out of control in New Mexico and burned for days. 
More than 400 families saw their houses destroyed in and around Los Alamos. Park 
Service managers had failed to account for high winds forecast for the region.

During fire season, a National Weather Service forecaster is assigned to predict every 
day how weather conditions are going to affect the danger of wildfires in a region and 
also how such conditions and winds and humidity will affect the ability of firefighters to 
battle such fires.

Large wildfires can create their own weather. Their hot updrafts can cause cumulus 
clouds to form, even thunderstorms that occasional bring rain and hail. The powerful 
updrafts can change the circulation of the winds, causing air to rush in toward the fire 
and fanning it into an explosive firestorm.
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East of the Rockies, droughts and floods are related to one another in a way. It’s a 
feast-or-famine kind of thing. The biggest threats of flooding are from the giant 
complexes of thunderstorms that get organized over the region, where 50 or more 
of them might be expected through the summer months. And yet, the farmers of 
the Great Plains and the Midwest rely on these storm complexes for 80 percent of 
their growing season rainfall.

THE DUST BOWL
Droughts have come and gone many times over the United States, but one stands out 
more than any other in history and literature for the deep scars it left. It is a series of 
four droughts that combined over the southern and central Great Plains and lasted the 
whole decade of the 1930s. It came to be known as the Dust Bowl (see figure).

Farmers plowed and planted their fields, but nothing would grow. Winds picked up the 
soil in great clouds that darkened the sky into “black blizzards,” and it rained nothing but 
dust over the region for months on end. Desperate families were forced from their land, 
and thousands crossed the desert into Southern California in search of food, a job, and 
a new start. The famous novel by John Steinbeck, The Grapes of Wrath, is a story about 
such a family moving west to escape the Dust Bowl.

The Dust Bowl experience changed the country. It changed the way farmers treat the 
land in the Great Plains, from Texas to North Dakota, where the soil is subject to wind 
erosion. The plight of the farm families changed the way the government treated the 
poor, inspiring several “New Deal” relief programs of the era of the Great Depression. 
And it changed the way weather scientists think about drought — how long they can 
last, and how bad they can be.

National Oceanic and Atmospheric Administration/Department of Commerce
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In poorer nations, drought can lead to food shortages or famines that cause wide-
spread disease and starvation. In the past, millions of people have died in the 
famines that followed droughts in India and Africa. Hardly a year goes by, it 
seems, when drought does not threaten lives in some parts of the world.

In the United States, droughts affect prices for some foods as suppliers purchase 
goods that are in short supply on the international market. The economic losses 
caused by drought in the United States are huge. Experts peg the yearly losses at 
$6 billion to $8 billion — on average, far more than any other weather events. 
Floods cost $2.4 billion a year, on average, and hurricanes between $1.2 billion 
and $4.8 billion.
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Chapter 11
Falling for Autumn

Spring gets all the credit for making the world go around, and gets all the 
good press coverage about the seasons. It’s that sense of a new year of 
growth and all. And of course, you know how the poets are about the birds 

and the bees that time of year. But really, when it comes to plain good weather, in 
many parts of the world autumn is the loveliest time of year, especially the early 
part of the season.

There’s a cool, dry, restful stability about early autumn that the other seasons 
can’t match. There’s no time like early autumn, after the excesses of summer 
have left and before winter shows its face. Take October — now there is a month 
of nice, peaceful weather. No more summer thunderstorms. In fact, in the United 
States, October is the driest month of the year from Portland, Maine, all the way 
along the East Coast and around into the Gulf Coast to New Orleans, Louisiana. 
Even Florida is drying out.

There are exceptions, of course. That’s one of the interesting things about weather. 
Just when you say something nice about a month, somebody can remember some-
thing nasty about it. As Chapter  7 describes, hurricane season runs right on 
through October, for example, and in fact, the Gulf of Mexico and the Caribbean 
Sea can be especially dangerous then. And it was in October 1991 when “The Per-
fect Storm” hit New England. Still, usually autumn is nice, although nobody calls 
it The Perfect Season.

IN THIS CHAPTER

 » Comparing autumn east and west

 » Falling for the colors

 » Getting the foggiest notions
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This chapter describes the variety of weather around the United States during this 
period of transition between summer and winter. You find out what’s behind  
the famously brilliant fall colors of the leaves in the hardwood forests of New 
England. You get a look at “Indian Summer” and the fogs of falls and even a peek 
into the weather behind The Perfect Storm.

The Timing Thing
Right down to the minute, astronomers can tell you when autumn begins  — 
always on or about September 22. The Sun’s rays are beaming down smack over 
the Equator. As far as the Northern Hemisphere is concerned, those rays are head-
ing south. The tilting Earth is at the midway point in its orbit of the Sun between 
June 21 when the Northern Hemisphere gets its rays at the max, and December 21 
when the northern half is tilted away and gets the least of the Sun’s warmth. As 
Chapter 3 describes, it is the day of the autumnal equinox, the time, like the first 
day of spring, when every place on Earth has 12 hours of daylight and 12 hours of 
night. That’s what the Latin word equinox means — equal night.

But down in the mess of gases known as the atmosphere, as usual, a lot of other 
stuff is going on. Big changes are at work in the atmosphere. Cold air is on the 
move. Before long, as the days grow shorter, the night of the first frost arrives 
across the northern states from the Rockies to New England. And the leaves on the 
trees in the hardwood forests catch fire with the brilliant colors of autumn.

Falling Highs and Lows
Dramatic changes are taking place this time of year in the giant high- and 
low-pressure systems that influence weather all over the world. In the Pacific 
Ocean, centers of air pressure are shifting in a big way with the beginning of fall. 
The Pacific High which has been an important feature of much of the summer 
weather across the western United States has started shrinking and dropping 
south. Before this season is out, this high usually will have dwindled to a shadow 
of its former self and will have migrated to the warmer waters off the coast of San 
Diego.

The north Pacific’s high pressure, meanwhile, is being replaced by a low-pressure 
system known as the Aleutian Low that is a big feature of late fall and winter 
weather over much of the country. The winds flowing in the counterclockwise 
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rotation of this big low-pressure system sling many of the Pacific storms of late 
fall and winter far over the continent.

In the west’s Great Basin, high pressure is beginning to replace a large region of 
low pressure that built up above the summer heat. Around this high builds a new 
circulation that has the far-flung effects — fanning wildfires, and turning around 
ocean breezes, pushing fog away from the West Coast.

In the lands of the far north, the chilling effect of the fall’s dwindling sunshine 
waken the polar highs over Canada, and these masses of cold, dry air begin to 
grow and intensify and to slide farther and farther south. Many years, the migra-
tion of this air brings welcome relief to regions of the Midwest from the soggy 
days and nights of summer.

In the Atlantic, the big Bermuda High that has kept tropical moisture flowing up 
over much of the eastern two-thirds of the United States shrinks in size through 
autumn and migrates to the east. (In fact, it is called the Azores High this time of 
year.) Still, when low-pressure troughs developed in the upper atmosphere this 
time of year, the high pressure in the Atlantic still can bring an unseasonably mild 
and humid southerly flow to the East.

Coast to Coast
Like all the seasons, autumn has a very different look and feel in different regions 
across the United States. Early autumn is especially different from east to west.

Most of the East is beginning to dry out from the showers of soggy summer. As a 
rule, the sky of early autumn is cooler, drier, and more stable than much of the 
rest of the year. With less heating, summer-type thunderstorms are far less fre-
quent. And early in the season, usually conditions are not yet right for the big 
mid-latitude storms that will bring winter’s precipitation.

The biggest weather threats in the eastern and southern parts of the United States 
this time of year most often are tropical storms and hurricanes, which Chapter 7 
describes. Such a storm can turn the region very wet in a hurry. Some years there 
are several, and some come ashore, and some years they don’t. The tropical storm 
season lasts through October. Riding up the East Coast, once in a while these 
storms collide with cold Arctic air and generate fierce wintry storms.

Across parts of the West, the early autumn sky may be showing the first serious 
clouds to be seen in months. The region is saying goodbye to its long dry summer 
and finally there’s a hint of moisture on the way.
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In the rainy Pacific Northwest, another wet season can arrive very quickly. The jet 
stream is beginning to slide back south of the Canadian border and Pacific storms 
are finding their tracks back down over the region.

Across the northern plains, and from the upper Midwest to New England, cool air 
comes quickly with the fading light. In the upper atmosphere, the westerly winds 
that will bring winter storms are building strength as autumn wears on. Winter 
storm tracks begin appearing, and before autumn is done, winds will howl across 
the Great Lakes, and snow will fall over much of the Midwest and Northeast.

By the end of autumn, the winter storm tracks are well established, the westerly 
winds and the jet streams are flowing far south over the United States, and most 
of the country looks and feels a lot like winter.

In a Pigment’s Eye
A funny thing about the famous fall colors: It’s not so much that the leaves turn 
yellow or orange or purple or red as it is that they stop turning green. The pigments 
that bring those brilliant autumn hues to the trees that drop their leaves were 
there under the green. When the leaves are cooking food for the plants, they pro-
duce a lot of green pigments that hide the other colors. As fading sunlight and 
cooling temperatures signal the trees and leafy plants that it’s time to shut down 
food production, those green pigments pack it in for the year.

Not all dying leaves knock your socks off, of course. The drab brown of a shriveling 
elm is not much to write home about. Maples, on the other hand, make real spec-
tacles of themselves, although they differ from one species to another. Leaves of 
red maple turn brilliant scarlet. Sugar maples become orange and red. Black 
maples are a glowing yellow. Hickories are golden bronze. Aspen and yellow-
poplar become golden yellow. Dogwood turns purplish red. Leaves of beech are 
light tan. Sourwood and black tupelo turn crimson. Oaks turn red, brown, or  
reddish-brown late in the year after most trees have lost their leaves.

Experts have given up the old idea that frost promotes these changes in color. 
Barring an early hard freeze, the best seasons of fall colors, especially the red and 
purple pigments, come from a lot of autumn days that are warm and sunny and 
autumn nights that are cool and crisp — but not freezing. Soil moisture is another 
key factor. Like a hard freeze, the stress of droughts makes for dull autumn leaves. 
A warm, wet spring can lead to an especially brilliant fall.
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WHAT WAS SO PERFECT ABOUT IT?
Big Nor’easters are a dime a dozen off the coast of New England. There was a doozy 
known as the 1962 Columbus Day Storm, for example, and the March 1993 
“Superstorm.” So what made the big bruiser that whipped up during the last week of 
October 1991 “The Perfect Storm”?

Weather forecasters say three ingredients came together at the same time in the North 
Atlantic to produce the storm that became the subject of the best-selling book and movie.

• A large high-pressure system over northern Canada supplied a large pool of cold air.

• A weak low-pressure system was traveling along the front where this large cold air 
mass pushed off the coast of New England on October 27.

• Flowing up from the tropics was the fuel that gave this Nor’easter its epic propor-
tions: the warm, moist air of a dying hurricane.

Retired National Weather Service meteorologist Bob Case was on duty at the Boston 
forecast office in October 1991 when this whopper was taking shape, and here’s how he 
describes the situation:

“When a low-pressure system along the front moved into the Maritimes southeast of 
Nova Scotia, it began to intensify due to the cold dry air introduced from the north. 
These circumstances alone could have created a strong storm, but then, like throwing 
gasoline on a fire, a dying Hurricane Grace delivered immeasurable tropical energy to 
create the perfect storm.”

National Oceanic and Atmospheric Administration/National Climatic Data Center
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Indian Summer
The idea of a welcome warm spell that comes fairly often, but not always, after the 
first killing frost and stretch of cold autumn weather is as old as the hills. Why the 
early European settlers in the United States gave it the name “Indian summer” is 
a factoid that seems to have fallen through the cracks of history. They could have 
called it “St. Luke’s summer” or “St. Martin’s summer,” which are common 
names for it in England. Elsewhere in Europe it is called “Old Wives’ summer.”

The more northerly the climate, the more severe the oncoming winters, the more 
cherished the tradition of Indian summers. It’s not just a long summer. The idea 
is that the temperatures of the coming winter have made themselves felt, and 
then along comes this last welcome visit of summer warmth at a time of year that 
could just as easily be stormy and freezing cold. Indian summer skies are clear, 
and its days sunny and often hazy.

By whatever name, Indian summer reflects something that also is true of spring, 
that other fairly unpredictable season of transition. The reasons for the seasons 
are the steady, clockwork motions of Earth orbiting the Sun at a tilt. But down 
under the atmosphere where weather happens, the gains and losses of the Sun’s 
energy come and go in fits and starts, like advances and retreats of opposing 
armies.

In the Fogs
The stable, cooling air of the season and the evaporation of summer’s moisture 
from the ground can make autumn a foggy and treacherous time of year over the 
Northeast and much of the Midwest. Because the water now is warmer than the 
air, steam fogs that Chapter 5 describes often form easily over many lakes great 
and small. Dewpoints still are much higher than they will be when winter sets in, 
so the air condenses into fog more easily than it will when colder temperatures 
arrive.

After the fog forms during the long, cool night, the next day’s sunlight may be too 
feeble to evaporate it very quickly. The result can be that children are waiting for 
school buses in the dark early morning fogs of October before clocks are switched 
from Daylight Saving Time. Many school systems in the region call for two-hour 
delays in the start of school on such mornings.
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Foggy autumn mornings make all travel difficult and highway travel often dan-
gerous. Some of the worst chain-reaction traffic accidents occur in these condi-
tions. Air travel can be seriously disrupted. Fog can cause delays on some flights 
that have a ripple effect throughout the nation’s air traffic system.

The same conditions that bring fog can lead to heavy dew across the countryside. 
As Chapter 4 describes, dew is formed when water vapor from evaporation collects 
on the ground, blades of grass, and other surfaces as it comes into contact with 
cold night air.

Fires of the Wild West
Autumn can be a dangerous time in the West. Most of the countryside is hot, and 
it hasn’t seen rainfall in months. It is fire weather, and forecasters across the 
region always find themselves in the thick of it.

As Chapter 5 describes, the strengthening off-shore flow creates dry, hot Santa 
Ana winds that can fan wildfires through the mountain canyons of central and 
southern California.

The desert brushlands are especially dry this time of year, and when the Santa 
Anas are blowing down from the high desert — downslope winds that are warm-
ing as they fall — the slightest spark can grow to a raging firestorm in a matter of 
minutes.

Weather forecasters carefully follow wind and other weather conditions this time 
of year in the west to help firefighters watch for hazardous fire conditions over 
much of the west during autumn. The fire hazard can extend far into the season 
before rains finally quell the danger in southern California and the Southwest. 
Chapter 13 has more to say about how our changing climate affects such wildfire-
prone regions as Australia and western North America.
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IN THIS PART . . .

Find out about the main climates of the world and why 
thinking of climate as “long-term weather” is a tried- 
and-true approach.

Get details on El Niño and La Niña and see how they 
affect the weather.

Get an introduction to climate change: What is it all 
about? What is global warming doing to our weather? 
And what are the consequences of our changing 
atmosphere on our day-to-day weather?

See how weather conditions affect air pollution and why 
because of air pollution, the ozone layer — the thin layer  
of gas high in the sky that protects us from the Sun’s 
radiation — is getting thinner and thinner.
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Chapter 12
Climate Is What You 
Expect; Weather Is What 
You Get

At the Go Figure Academy of Sciences, the people who work in the climate 
wing of the meteorology building have their own ways of looking at 
weather. They are not as interested as forecasters in day-to-day weather 

events in particular places. It’s the longer-term view of weather on a somewhat 
bigger scale that gets the attention of the climate people. You know, it’s the vision 
thing, The Big Picture. Weather is a tree, you might say, and climate is the forest. 
There really are two ways to look at climate, and in this chapter and the next, 
we’re going to look at it both ways.

Thinking of climate as “long-term weather” is a tried-and-true approach. 
 Climate is what you might call the stable version of what our atmosphere dishes 
out every year. And it makes perfect sense. We don’t have to travel very far to 
realizethatthepatternsofseasonsdifferfromoneanotheraroundtheworld.You
know, a winter in Southern California feels nothing like what it does in  Scandinavia 
that time of year. These winters are not always the same from one year to the 
next, of course, but they are never going to be confused with one another.  Southern 
CaliforniaandScandinaviahavedifferentclimates.

IN THIS CHAPTER

 » Describing the main climates of the 
world

 » Finding El Niño and La Niña and 
seeing how they affect weather

 » Sorting out the natural variations of 
climate
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But the composition of the atmosphere has been changing over the years, primar-
ily because a lot of industrial activity and gas-powered automobiles have been 
usingtheskyasahandyplacetodumptonsofgaseouswaste —carbondioxide,
methane, what-have-you. What we have created is a new atmosphere, composed 
of new proportions of gases. This new brew doesn’t behave like the old one. It’s 
changingourclimate —inSouthernCaliforniaaswellasinScandinavia —and
it’schangingourweather.Thisistheotherwaytothinkaboutclimate —notas
stable,butassomethingonthemove.Chapter 13explainsit.

First, in this chapter, I tell you why climate’s important, what (or who!) El Niño 
is, and why you should care. Before you know it, you’ll be seeing The Big Picture, 
too. You won’t even need a meteorology degree, and you’ll be thinking like a  
climatologist —ifyoureallywantto!

Climate or Weather?
Thekeydifferencebetweenclimateandweather istimeframe.Peoplewhoare
talking about individual storms are talking about weather. Climate is the pattern of 
weather over the duration of a season or a year, a decade, or even longer. Weather 
conditions tell you whether or not a storm is coming. Climate conditions might 
tell you something about sea surface temperatures or the shape of the jet stream, 
the storm track, and so where storms are likely to go during a season.

Climateorweather —sowhat?Isthisdifferenceimportanttoyou?Sometimesit
is, sometimes it isn’t. Here are some reasons why it might be:

 » You want to know what you are talking about.

 » You want to know how to make use of the information. (For example, if someone 
tells you a hurricane is on the way, it might be time to head for the hills. If 
someone tells you El Niño is on the way, it might be time to put on a new roof.)

 » You can be sure that farmers know the difference. Weather information tells 
farmers how their crops are going to grow. Climate information tells them 
whether they should plant that crop in the first place.

Climates of the World
Climate is pretty basic information about a place. Technically, climatology is the 
averageofaregion’sseasonalweatherdata,butinthosedrystatistics —andthe
wetstatistics —isinformationthatreallytellsyoualotaboutaplace.Ittellsyou
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if you want to live there, for one thing, and if you do, what kinds of clothes you’ll 
wear and what type of house you will live in. There are several ways experts use to 
describedifferentclimatefeaturesofaplace,butthebasicsare,well,basicallythe
same.Mostoften,aregion’sclimateisclassifiedaccordingtothesetwofeatures:
first,theaverageamountofprecipitation —rainandsnow —thatfallsduringthe
year and its variation from season to season, and, second, the range of average 
high and low temperatures during a typical day and their seasonal variation.

Every place on Earth has its own climate, its own kinds of winters, springs, sum-
mers, and falls, more or less, and it has been climatologists’ job to describe what 
“normal”precipitationortemperaturepatternsareatdifferenttimesofyearhere
and there. A lot of cataloging of weather statistics has been going on. Experts refer 
to these sets of statistical averages as a climatology of a place. Climatology tells 
you what to expect of one season or another in a particular locale.

Here are the basic climate types:

 » Tropical climates: In the regions around the Equator, all year long the Sun is 
high in the sky. There is really no winter, no cold season between the tropics 
of Capricorn and Cancer. Often it is humid, rainy, and always warm. These 
conditions nourish the world’s tropical rainforests and jungles. Tropical 
climates stretch across Africa south of the Sahara Desert and across South 
America over the vast Amazon region of Brazil.

 » Dry climates: The deserts of the world and the semidry grasslands known as the 
steppes occupy 26 percent of the land area. In dry climates, in most of the year 
chances are good that more water will be lost to evaporation, from the ground  
to the sky, than will be gained as precipitation, from the sky to the ground.  
North America’s dry climates include the deserts of northern Mexico and the 
 southwestern United States, the strip along the eastern slopes of the Sierra 
Nevada, and the Great Basin. The semidry climates in North America occur in 
coastal southern California, the northern valleys of the Great Basin, and in most 
of the Great Plains.

 » Mid-latitude mild-winter climates: These subtropical climates are often 
influenced by ocean conditions. These include the southeastern United States, 
with their hot, muggy summers, northern California with its long, dry sum-
mers, and the rainy Pacific Northwest. What they have in common are 
relatively mild winter temperatures.



244      PART 4  The Long Run

 » Mid-latitude severe-winter climates: These climates are controlled by 
conditions that develop over large land masses, such as North America’s 
northern interior. As you might expect, they are generally north of the 
mild-winter climates. Their summers can be hot and humid like New England 
or cool like the upper Midwest. Another variation is a “subpolar” climate of 
short, cool summers such as extends across much of Canada and Alaska. 
What they all have in common, as you might have guessed, is severe winters.

 » Polar climates: No surprises here. Winters are long and severe. Even though 
summer days are long, daylight lasts many hours, the Sun never gets very 
high above the horizon, and so its light never really warms up the land. Polar 
climates extend across the Arctic, northern Canada, Alaska, Asia, and coastal 
Greenland. In the Southern Hemisphere, only the continent of Antarctica has 
a polar climate.

What Makes Climates Different?
Maybe you’ve already suspected this: The world’s climate patterns are the result 
of persistently uneven ways that the Sun’s heat energy and the sky’s moisture are 
distributed around the globe. Climates have a number of main features and forces 

THE “CLIMATE” CLIMATE
Try this at home. Notice how often people use the word climate — on television or in the 
newspaper or wherever — and how seldom they actually mean climate. You hear it 
fairly often in news accounts or political commentaries about this or that. But almost 
always the word is used figuratively. That is to say, they are not really talking about aver-
age seasonal characteristics of a place or about large ocean and atmospheric features 
that affect patterns of weather over time.

For example, there is the popular Economic Climate and the Business Climate. These cli-
mates are sometimes favorable, but usually they are unfavorable, and always they 
could be improved. There is another popular climate on newspaper opinion pages, and 
that is the Political Climate. When this comes up, usually the Political Climate is going 
from bad to worse. Another favorite is the Climate of Fear — which is never good.

My people at the Go Figure Academy of Sciences have been trying to look into this, but 
it’s not easy. Maybe you have noticed this, too: It’s hard to find one of these opinionated 
commentators when you really want one. Maybe the climate just isn’t right.
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thatshapethem —theintensityofsunshine,theunevenarrangementoflandand
water, prevailing winds and ocean currents, persistent high- and low-pressure 
areas, mountain barriers, and elevation.

 » Sunshine: The difference between the Tropics and the polar climates makes 
one thing pretty obvious: The longer a place gets intense sunshine, the 
warmer its climate. But the situation in the Tropics sets in motion a not- 
so-obvious process that affects climate everywhere. Powerful storms around 
the Equator send toward the poles a series of circulation cells that create 
bands of heat and cold and wetness and dryness around the world. (In 
Chapter 5, you get a look at these cells.)

 » Land and water: It takes large land masses like the continents of Africa and 
North America and Eurasia to create extremely hot and cold temperatures. 
Oceans just don’t act that way. Water absorbs the Sun’s heat and holds onto it 
a lot longer. This is what climate scientists are talking about when they say the 
ocean has a long “thermal memory.” In the tropical ocean, temperatures are 
warm, but they vary only a few degrees all year long. Land is a different story. 
Sunlight bounces right off of it, warming up the air above it. And when it gets 
dark, the heat absorbed by the land quickly radiates away. There seems  
to be almost no limits to the range of its extremes. The world heat record is 
134 degrees Fahrenheit (56.7 degrees Celsius) in Death Valley, California. On 
the cold side, the world record is 129 degrees below zero in Vostok, Antarctica 
(–89.4 degrees Celsius), while the North American record is –81 degrees 
Fahrenheit (–62.8 degrees Celsius) in Snag, Yukon. The U.S. cold record, 
outside of Alaska, is –70 degrees Fahrenheit (–56.7 degrees Celsius) in Rogers 
Pass, Montana.

 » Prevailing winds: Around the world, two sets of winds dominate climate. 
Near the Equator, easterly winds, which merchant sailors named the trade 
winds, flow from east to west. At the mid-latitudes, the big storms of winter 
flow from west to east in the prevailing westerlies.

 » Ocean currents: Big ocean currents deliver cool and warm water over great 
distances, and the warming and cooling affects climates in big ways. Off the 
U.S. West Coast, for example, the southbound California Current keeps the 
climate of California cooler than it would be without it. And in the Atlantic, the 
Gulf Stream bathes the coast of the Southeastern United States in warm 
tropical waters and then heads northwestward all the way to England and 
northern Europe. If you take a look on a map or a globe at England and 
northern Europe and notice how far north they are, you might think winters 
there must be colder than the dickens. But because of this long conveyor-belt 
of warm water of the Gulf Stream, these regions enjoy warmer climates.
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 » Highs and lows: The great thunderstorms in the Tropics loft moist air high 
into the atmosphere that eventually comes down dry in fairly predictable 
places. This descending air creates high pressure over the Southwestern 
deserts of the United States, making its climate hot and dry. Where it occurs 
over the northern Pacific Ocean, you find the “Pacific High” that dominates 
California’s summer climate. As winds blow clockwise around this high- 
pressure area, they carry Pacific moisture to the north of California, making 
for long, hot, and dry summers over most of the state. Off the Atlantic 
Coast, another persistent high-pressure area — the Bermuda High — has the 
opposite effect. The Southeastern United States is on the other side of the 
high pressure. In the eastern two-thirds of the United States, summers 
often are hot and muggy because winds circulating clockwise around the 
Bermuda High are carrying warm tropical moist air up from the Gulf of 
Mexico.

 » Mountains: Air flowing into the side of a mountain has the same effect as 
water in a river flowing up against a large rock. It rises up and over the 
mountain. As it does this, the rising air cools, causing clouds to form. Often it 
snows or rains. On the other side of the mountain, something very different 
happens. The air that has been dried out on the way up one side now falls 
back down the slope and warms up again. The climate on the side where the 
wind comes often is cool and wet. On the other side, in what is called the rain 
shadow, the climate is dry.

 » Elevation: The distance above sea level of a particular place affects its 
climate in two ways. During daylight, a town on a mountainside 1,000 feet 
above sea level won’t get as warm as a town down in the valley. Air cools as it 
rises, and the air over the mountain town has an altitude of 1,000 feet. It’s not 
as cool as the air 1,000 feet above the floor of the valley, mind you, because 
it’s getting the sunlight radiated off of the mountain. But it’s still not as warm 
as the valley town. This relatively warm 1,000-foot air is fairly unstable, a 
condition that can lead to the frequent formation over mountains of cumulus 
and even cumulonimbus clouds, which Chapter 6 describes. At night, tem-
peratures cool off more quickly in the mountain town than the valley town 
because the air has less heat-absorbing atmosphere above it: 1,000 feet-
worth, to be exact.

As Chapter 5 describes, the warm air that rose as a valley breeze up the side 
of the mountain during the day more quickly chills at night and slides back 
down into the valley as a mountain breeze.
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Climate and the Seasons
Rememberlastwinter?Wasitwarmerthannormal,orcolder?Wasitwetteror
drierthanmostwintersinyourarea?PeopleattheGoFigureAcademyofSciences
who work in the climate branch of weather science can tell you all about last 
winterandhowitwasdifferentthanaveragewintersineverypartoftheworld.
But keeping track of such things isn’t all they do. Climate science has a forward 
looktoitnow.Researchersarebeginningtofigureoutwhywintersaredifferent
from one another. More interesting still, climatologists are even beginning to 
offertheirownkindsofpredictions.Whileaweatherforecastertriestotellyou
what tomorrow will be like in your city, a climatologist might try to tell you what 
next winter will be like in your part of the world.

Shiftingclimateconditionshavepowerfulimpactsaroundtheworld.Theyaffect
where storms come from and where they go. They determine whether the jet 
stream —thestormtrack —loopsaroundtheworldlikeapieceofwetspaghetti
ortravelsstraightlikeafreighttrain.Theyaffectthenumberoftropicalstorms
andhurricanesthatformeverysummerandautumninthePacificandAtlantic
oceans.Terriblefloodsarecausedbyaseasonoftorrentialrainsfallingonanarea
that is not prepared for it. And droughts and famines can result from climate con-
ditions that steer patterns of precipitation away from areas accustomed to rain-
fall. Historians now realize that shifting climate conditions have contributed to 
the rise and fall of whole civilizations over the centuries.

A climate of mystery
Butwait . . . justaminute.Cometothinkofit,whyshouldonewinterbeanydif-
ferentthananyother?(Whoa!ThenwhatwouldmyneighborandItalkabout?)
Really, if the seasons are shaped by the tilt of the Earth as it rotates around the 
Sun(seeChapter 3),howcomethisgood,ol’reliableastronomicalarrangement
doesn’tmaketheseasonsasregularasclockwork?IfallthatmattersistheSun’s
position in the sky, one winter ought to be pretty much like any other. (Weather 
would be pretty boring in that case, and you would be reading about something 
else.)

Instead, of course, the seasons are full of surprises. Some winters are cold and 
snowy or rainy, full of storms and hardship, while others are so warm and dry 
they hardly feel like winters at all. What makes a hard winter hard, or an easy one 
easy?What’sgoingonhere?
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Here’swhatyourclimatepeoplehavebeenfindingout:Justlikeweather,there
are things happening on Earth that cause climate to change. There is such a thing 
as natural climate variation.Itjusthappensatdifferenttimescalesthanweather.
Instead of changing from day to day, climate changes from year to year or decade 
to decade or time scales that are even longer. Also, climate shifts are more subtle, 
not so easy to notice. They don’t come through like a storm. It takes several storms 
to recognize the signs of an especially hard winter, for example, and some weeks 
have to go by before you decide that an especially mild winter season is at hand. 
Natural climate variations over long time scales are even harder to pick up.

“It’s the ocean, stupid”
(Question:Whowasitthatfirsttoldapresidentialcandidate:“It’stheeconomy,
stupid.” Answer: I have no idea.)

Naturally, you look to the sky when you think about weather and storms. But the 
sky isn’t going to tell you much about the seasons. Things are not so obvious when 
itcomestoclimatequestionsliketheyear-to-yeardifferencesintheseasons.

Here is a big idea in weather science: The atmosphere responds in a big way to 
what’sgoingonunderneathit.Whenitflowsovericesheetsandsnowfields,for
example,itgetsthechills.Whenitflowsoverthecontinents,itpicksupsomeof
the heat or some of the cold of the land.

But remember this large fact about your favorite planet: Earth is covered with 
watermorethananythingelse —70.8percent,tobeexact —andtheoceanis
wherealotoftheweatherandclimateactionis.Infact,theseaandtheskyinflu-
ence each other so strongly that weather scientists have come to refer to them as 
parts of a single coupled system. Get this idea down and mention it as often as you 
can. “Well, of course,” you say, “it’s a coupled system.” And there you are, right at 
the cutting edge of weather science!

Working with this idea, climate researchers have been teaming up with oceanog-
raphersinrecentyearstoseehowallthiswateronEarthaffectsseasonaldiffer-
ences and other weather trends. They don’t have all the answers yet, but they’re 
findingoutsomeveryinterestingthings.That’swhatnameslikeElNiñoandLa
Niña are all about. They are labels climate scientists have given to certain sets of 
coupled ocean-atmosphere conditions that cause seasonal and longer-term 
changes in weather patterns around the world.
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Pacific Body Parts
Want to knowwhy Seattle has a reputation for cloudy skies and rain?Orwhy
sunnySouthernCaliforniaissunny?

The answers to these climate questions have a lot to do with what is going on 
thousandsofmilesawayinthePacificOcean.ThebigPacificstormsofthemid-
latitudesareusuallypushedintothePacificNorthwest —andnormallynotinto
theSouthwest —alongapathtraveledbythejetstream.

The oceans of the world have features such as prevailing currents of warm and 
coolwaterandlayersofdifferenttemperatureandsalinity,orsaltcontent,that
areimportanttoweatherandclimatethousandsofmilesaway.ThePacificOcean
has a certain look to it, a certain arrangement of features like parts of a body, that 
is familiar to someone who knows what they are looking for and has all the gear 
to see it. All it takes is a few satellites and ships and submarines and balloons and 
buoys,what-have-you —andtheknow-howofmodernclimatescience.Here’s
what it looks like.

The Warm Pool
AcrossthePacificOceanfromSouthAmericatoAsiaisabiglayerofcold,deepocean
water and a thinner top layer of warmer water. Normally, the warm top layer is 

COULD IT BE SUNSPOTS?
Could it be sunspots that cause the variations in the same season? Is that why one win-
ter is so different from another? Sunspots would be a pretty well-educated guess. After 
all, if the changing position of the Sun in the sky accounts for the differences between 
winter and spring, summer and fall, perhaps the 11-year cycle of highs and lows in sun-
spot activity on your star changes the seasons themselves. A perfectly plausible 
explanation.

Experts — astronomers, weather scientists, mathematicians, the best in the business — 
have been looking into this idea for a long time. They’re still working on it. As it happens, 
the Sun’s radiation difference from high to low is only about one-tenth of 1 percent, but 
it may be that Earth’s atmosphere magnifies these effects. If this is true, it may be that 
these cycles affect our climate from one decade to the next.

For the differences we see from one winter to the next, apparently the short answer is: 
No, it is not sunspots. For the longer timescales of climate, researchers still aren’t sure.



250      PART 4  The Long Run

shapedlikeawedge —thinneronthesidenearSouthAmericaandthickerover
against Asia. This is because the trade winds are blowing, constantly dragging  
warm surface water with them from east to west. (For more on trade winds, see  
Chapter 5.)Thispiled-upwarmwatermakesabigwarmpool(technicallyknownas
the Warm Pool). Above this pool form big, drenching thunderstorms that regularly 
irrigate the great rainforests and jungles of Borneo and south Asia. Come to think of 
it, those rainforests and jungles wouldn’t be there if it weren’t for those storms.

Anyway, this pool and these thunderstorms are the business end of a big circula-
tion loop that is formed between the ocean and the atmosphere. Some moisture 
fromthesestormsfindsitswayintothePacificjetstream,andsoalotofitends
up in the streets of Seattle. In a way, the Warm Pool acts like a boiler-room, 
pumpingbigflowsofwarmairandwetcloudshighintothesky.

The Cold Tongue
OntheeasternsideofthetropicalPacific,theoceanupagainsttheshoresofSouth
AmericanneartheEquatorhasaverydifferentlooktoitthanitdoesontheoppo-
site shores near Asia. Where there is a warm pool of water piled up in the western 
Pacific,coolwaterusuallystretchesout fromtheshoresof theeasternPacific.
This is part of an ocean-atmosphere feedback loop called the Walker Circulation.

Thewarmair thatflows into theatmosphereabove theWarmPool in thewest
travels east, giving up heat and moisture as it goes, and when it falls back to Earth 
around South America, it is cool and dry. Here it gets caught up in the trade wind 
flow,thewestboundsurfacewindsandagainitheadsbacktowardAsia,alongthe
surface of the sea. As these winds blow across the surface, the Sun-warmed water 
on top of the sea goes along for the ride. In the ocean, the removal of this warm 
surfacewaterhastheeffectofcausingcolderwaterfromthedepthstoriseupand
take its place. This water forms a long cold tongue that sticks out along the Equator 
from South America toward the Warm Pool. (Technical name: the Cold Tongue.)

Notice this close link between the sea and the sky, what scientists call a feedback 
loop. The atmosphere’s constant winds cause the Warm Pool to form across the 
ocean. The ocean’s Warm Pool causes these big storms to rise high into the atmos-
phere. The storms drive a giant circulation pattern that causes the winds to blow. 
So around and around it goes, like a dog chasing its tail. The people at the Go 
Figure Academy of Sciences report that sometimes the atmosphere seems to be in 
charge, and sometimes it looks like it’s the ocean. So they can’t tell which is the 
dog and which is the tail.
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El Niño, His Cool Sister, and Their  
Kissing Cousins

Justwhenyouthinkyou’vegottheseasonsinyourareaallfiguredout,alongcomes
a winter that is nothing like what you expect. Around the country, around the 
world, everything seems to be upside down. Places like Seattle that are accustomed 
to cool temperatures and a lot of rain instead get warm, dry weather. Places like 
sunny Southern California, the Southwest desert, and even the Southeastern United 
States get cold temperatures and heavy rain. In the usually cold Northeast, it does-
n’t even feel like winter. And it snows in weird places like in Guadalajara, Mexico.

That’salmostasuresignofElNiño —above-averagePacificOceanseasurface
temperatures and atmospheric conditions that change the places where storms go.

Cold temperatures and rain befall the usually dry deserts, and warm dryness 
comes to the usually cool forests of North America, South America, and much of 
the rest of the world. The important thing is not that there is more hard winter 
weather around the world during El Niño, although during a big El Niño, there 
certainly seem to be more storms. El Niño’s “Bad Boy” reputation as a natural 
disaster comes not from extra storminess, but from the fact that it puts storms in 
places that can’t handle them so well.

COULD IT BE VOLCANOES?
Could volcano eruptions cause the climate to change? The answer is, yes.

Eruptions of large volcanoes pump enormous clouds of stuff high into the upper por-
tion of the atmosphere known as the stratosphere. Some of the very big ones spew out 
tons and tons of sulfur gases and tiny ash particles, and researchers have come to real-
ize that these eruptions can affect weather around the world for years afterward.

While the heavier ash and dust particles settle out of the stratosphere over a period of 
months, the sulfur gases combine with water vapor in the sunlight and form a reflective 
veil of sulfuric acid particles. These particles are bright and shiny and cause sunlight to 
bounce back out into space. The result is less sunlight reaching Earth and cooler tem-
peratures around the world.

So it was that the year 1816, the infamous “year without a summer,” followed the mas-
sive eruption in 1815 of Mount Tambora in Indonesia. More recently, the eruption of El 
Chichón in Mexico in 1982 and Mount Pinatubo in the Philippines in 1991 caused tem-
peratures to drop around the world.
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Is El Niño a bad boy?
IsElNiñoreallybadnews?Italldependsonwhereyoulive.ApowerfulElNiñois
terrible news to people in Ecuador and Peru, for example, who often face deadly 
floods in their steep desert terrain. It’s notmuch good to Southern California
either,andforthesamereason —thedesertsoilcan’tabsorbmuchwater,sothe
rainsbringonfloodsandmudslides.ButthefolksinSeattleandwesternCanada
don’t mind a mild winter once in a while. In the northeastern United States, often 
ElNiñomeansmilderwintertemperaturesandlesssnowthanusual —lesshard-
ship and a welcome savings on winter heating bills. And for people across the Gulf 
States and the eastern seaboard, El Niño does one really good thing in the Atlantic 
Oceaninthesummerandfall.Itgeneratespowerfulhigh-altitudewindsthatcut
thetopsoffoftropicalstormsbeforetheycangrowintohurricanes.

EL WHO?
A few centuries ago, fishermen in Peru noticed that occasionally a warm ocean current 
would begin flowing south off their coast. Usually they get a cool current flowing north. 
This warm southerly current would wreck their fishing. They noticed that it always 
seemed to arrive around Christmastime. So they named it after the Christ Child, El  
Niño.

It wasn’t until the 1970s that researchers began to realize that El Niño wasn’t just a local 
shift in ocean currents off South America. It is part of something much bigger. Now the 
name El Niño refers to a whole set of ocean and atmospheric conditions in the tropical 
Pacific Ocean that affect seasonal weather patterns over much of the globe.

El Niño has been coming and going for thousands of years. Like much of weather, it 
seems to be part of Earth’s way of blowing off extra heat that builds up unevenly in the 
Tropics. Experts are not really sure why it happens when it does or what causes it to 
start or to stop. But they are getting very good at detecting El Niño conditions as they 
develop in the ocean and at seeing the effect it has on weather around the world.

Off the coast of Peru, meanwhile, when El Niño comes, fishing isn’t any better than it 
ever was. Starting in the far western Pacific usually, powerful eastbound winds suddenly 
start pushing the Warm Pool back toward the central Pacific. This causes the big thun-
derstorms to follow the warm water out toward the center of the ocean. If it goes far 
enough — for whatever reason — the big circulation loop is thrown out of whack, and 
the trade winds become weak. When this happens, the warm water acts like an out-
fielder chasing a long fly ball. Back back back it goes — it’s out of here! You’ve got El 
Niño on your hands!



CHAPTER 12  Climate Is What You Expect; Weather Is What You Get 253

Good or bad, scientists say that, aside from the seasons themselves, El Niño is the 
most powerful climate force on Earth. So this is a big part of the big answer to the 
littlequestion:Whyisonewinterdifferentfromanother?It’snottheonlyreason,
of course. But if one winter is verydifferentfromnormal —almosttheoppositeof
whatyouwouldexpect —takealookoutinthetropicalPacificOcean.

The El Niño look
IfElNiñoisoutthere,asitisinFigure 12-1,thePacificOceanhasaverydifferent
look. Now the Warm Pool and the big thunderstorms (see previous section) have 
moved. Instead of up against south Asia, they are spread out into the middle of the 
Pacificoreven faroveron theothersideof theocean,upagainst thecoastof
South America. All kinds of big changes are taking place. The trade winds have 
completely pooped out and may even be blowing in the opposite direction. The 
Cold Tongue is a goner, and in its place is extra-warm water. Take a look at the  
jet stream, the storm track. Instead of looping around like it normally does, it is 
so strong that it carries storms straight over the PacificOcean and across the 
Southwest and the southern United States.

THE 1982–83 “EL NIÑO OF THE CENTURY”
When a powerful El Niño came along in 1972, it caused drought in some agricultural 
areas that led to food shortages in parts of the world. But the first really big El Niño that 
came to everybody’s attention was in 1982–83. It brought torrential rains that caused 
terrible floods. In other places, it brought drought that led to enormous wildfires.

Researchers had been working on El Niño for several years by then, but the 1982-83 El 
Niño really caught them by surprise. They didn’t expect it, and even when the Pacific’s 
surface was warming dramatically, the scientists couldn’t agree that El Niño was on the 
way. Now they know that all El Niños are different from the “standard model” El Niño in 
the way they begin or end or their impacts on weather around the world. They all sur-
prise researchers in one way or another.

This great El Niño of 1982–83 caused about 2,000 deaths around the world, and its fires 
and floods caused damage losses estimated at $13 billion at the time. Because nobody 
had seen anything like it, this one became known as “The El Niño of the Century.”
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These important season-changing conditions  — the Warm Pool and the big 
thunderstormsandthewinds —seemtoswingbackandforthfromoneextreme
toanotheracrossthetropicalPacificOcean.Onaverage,everythreetosevenyears
El Niño seems to come along. But “average” and “normal” are not very good 
wordstousewiththingslikeElNiño.Likealotofthingsaboutweather,“aver-
age” and “normal” don’t seem to come around very often. The swings from espe-
ciallywarmtoespeciallycoolPacificOceanconditionsarenotregular,andtheir
pattern is not reliable.

Some climate experts at the Go Figure Academy of Sciences and elsewhere have 
beentryingtomakeacomputermodelthatactslikethePacificOcean,swinging
between warm and cool, so that they can predict when El Niño will show his 
face. But they’re not very good at it yet. On the other hand, scientists have 
become very good at using new tools like satellites and buoys moored across the 
ocean to detect changes in the temperature of the water and in the winds. So 
once El Niño conditions begin to take shape, they can see them sooner. If you 
liveinaregionthatfeelsElNiño’seffects,thismeansthatsomeyearsclimate
experts may be able to warn you months in advance about what kind of winter 
toexpect.Figure 12-2showsthepatternsofglobalweatherthatarelinkedtoa
powerful El Niño.

FIGURE 12-1: 
Features of El 

Niño across the 
Tropical Pacific.
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FIGURE 12-2: 
Common winter 
weather impacts 

of El Niño.

THE 1997–98 “EL NIÑO OF THE CENTURY”
In 1997, climate researchers were surprised again by the beginning of another big El 
Niño — just 15 years after “The El Niño of the Century.” They had learned a lot since the 
El Niño of 1982–83, and several fancy computer models at climate research centers 
around the world had predicted that an El Niño was on the way. But nobody saw a big 
one coming.

Still, there was an important difference. Now they could detect ocean temperature 
changes much more accurately, and they could measure these changes as they hap-
pened, in “real time.” This meant that — for the first time — climate specialists at the 
National Weather Service were able to warn the public months in advance that a power-
ful El Niño was going to dominate the winter of 1997–98.

For all the advance warning, still El Niño devastated much of the world with floods and 
fires. In the end, it was blamed for 23,000 deaths and $32 billion in damages worldwide. 
In the media, this El Niño earned a familiar name: “The Climate Event of the Century.” 
Go figure.
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La Niña, the contrary sister
El Niño causes some serious weather problems around the world, no doubt about 
it,butLaNiña,whichFigure 12-3illustrates, isnotexactlyasweet littlething
either. In places like the northeastern United States that are accustomed to cold 
andsnowywinters,LaNiñaoftenmakesforespeciallyhardwinters.Intherainy
PacificNorthwest,LaNiñawintersseemtobringevenmorerainandsnowthan
usual. Across the desert Southwest, often the season is even drier than normal. 
Tornadoes seemespeciallynumerousduring springsand summersofLaNiña,
and the Atlantic hurricane season can be especially long and dangerous. In 1999, 
for example, while La Niña conditions prevailed in the tropical Pacific Ocean, 
12 tropical storms grew big enough to earn names, 8 of them became  hurricanes, 
and 5 of those became intense hurricanes.

Here is a rule that is not always exactly true, but still is useful to compare the 
impactsofElNiñoandhiscontrarysister.WhereElNiñoiswarm,LaNiñaiscool.
WhereElNiñoiswet,LaNiñaisdry.WhileElNiñoconditionsandtheirseasonal
impactslookverydifferentfromnormal,LaNiñaconditionsoftenbringwinters
thataretypical —onlymoreso.There’ssomethingelsetokeepinmind:ElNiño
andLaNiñatend to make seasonal conditions one way or another, but every El 
NiñoandLaNiñaisdifferent.

The La Niña look
Likealotofbrothersandsisters,ElNiñoandLaNiñadon’tgetalongtogether.In
thetropicalPacificOcean,theyareopposites.Ifyouhaveone,youcan’thavethe
other. In the ocean, theuppermost layer ofwarmwater —whichflattens out

FIGURE 12-3: 
Features of La 

Niña across the 
Tropical Pacific.
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duringElNiño —nowhasanespeciallysharpwedge-shapetoitselfduringLa
Niña. It is thick up against South Asia, where the Warm Pool (see the section 
 earlier in this chapter) is especially deep. Above the ocean, the trade winds are 
especially strong. And on the opposite side of the ocean, up against South  America, 
because of the strong off-shore winds, the warm surface layer disappears
altogether.Thedeepercoldwaterisflowingdirectlyuptothesurfaceforagreat
distance along the Equator. This means that the Cold Tongue is sticking out far 
into the sea.

La Niña impacts on the world’s weather are less predictable than the effects
wroughtbyElNiño.Thisismainlybecauseofthebigdifferencesinthejetstream
and the storm track (seeChapter  5). ElNiño causes thePacific storm track to
become stronger, to drop farther south than usual, and to straighten out like a 
necklace ofweather extendingmore-or-less straight across the ocean.TheLa
Niña storm track is weaker and loopy and irregular, like a piece of wet and wiggly 
spaghetti,morechangeable —sothebehavioranddirectionofthestormsitcar-
riesaremoredifficulttoaccuratelyforecast.(SeeFigure 12-4.)

Climate’s kissing cousins
ElNiñoandLaNiñaarejustthebiggestandmostobviousofanassortmentof
large-scale and long-term climate patterns. These large swayings in the atmos-
phere and sloshings in the ocean, warmings, and coolings all seemed to be linked 
together in complicated ways that climate researchers are not yet very sure about. 
As theyfind outmore about these big patterns, they hope to be able tomore 
accuratelypredicttheirdifferentimpactsonweatherandseasonaltrendsaround
the world.

FIGURE 12-4: 
Winter weather 

impacts linked to 
La Niña.
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This is the cutting edge of climate science, and these kissing cousins are the kinds 
of things that the people who are trying to make long-range climate predictions 
and weather forecasts are working on. They have made some great advances. El 
Niño science allows forecasters to tell you in the middle of summer what to expect 
the following winter.

Scientists use a big, unfriendly word to describe these patterns they see in the 
atmosphere and the ocean. The unfortunate word is oscillation. An oscillation is a 
cycle that has the shape of a wave, or see-saw pattern. Peaks and valleys. Highs 
and lows. Hots and colds. Ups and downs. These are oscillations. A teeter-totter 
oscillates —oneendisupwhentheotherendisdown.

LikeElNiñoandLaNiña, theseoscillationsalsoact like“masterswitches”on
seasonal weather patterns. Here are the two most prominent that researchers are 
working on:

 » Pacific Decadal Oscillation (PDO): In periods of two or three decades at a 
time, researchers say, the Pacific Ocean north of the Tropics goes through 
cold and warm stages. Sometimes it’s cold in the western and central north 
Pacific and warm off the coast of North America. And sometimes the reverse 
is true. These two phases have some of the same type of effects on North 
America’s weather as El Niño and La Niña. This longer term north Pacific 
pattern works together with El Niño and La Niña, strengthening or weakening 
their impacts according to the phase of the Pacific Decadal Oscillation, or PDO.

 » Arctic Oscillation (AO): Recent research indicates that the track of winter 
storms across much of North America, Europe, Russia, and northern Asia is 
affected by a large pattern of air pressure differences between the polar  
cap and a ring around the Arctic Circle. These pressure differences affect the 
winds. In one phase, the winds steer storms over Alaska and Scandinavia, and 
in another, the storm track drops down across California and Spain. (So it tells 
you when the rain in Spain is mainly. . . .)

Climates of the Past
The biggest problem with studying the important changes in the climate is that 
our instrument record of them is too short. How can you tell what to expect in the 
futureifyoucannotseeintothepast?Theansweris,youcan’t.Weatherrecords
kept with accurate measurement instruments go back about a century. A hundred 
years may sound like a lot of weather, but it’s not nearly enough of a climate 
recordtofigureoutwhat’sgoingon.
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For example, some climate cycles that affect the tracks of storms over North
America may change only once every two or three decades or even less frequently 
than that (see previous section). Also, the frequency of Atlantic hurricanes may go 
throughcycleslasting25yearsormore(seeChapter 11).Accuratelyidentifying
changesinclimatecyclessuchasthesecanaffectwhatkindofseasonalchanges
you and I might expect.

Also, climate scientists are on the hot seat, so to speak, to answer some other 
importantquestionsbeingaskedofthemtoday.AreyouandIfacingadifficult
future of increasing global warming caused by human emissions of industrial 
greenhousegases?(ThisquestionisexploredindetailinChapter 14.)Orarethe
changes you see taking place in weather patterns all part of the natural ebb and 
flow of Earth’s processes? Are you heading back into another “ice age”? For
answers to questions such as these, researchers are looking as far as they can into 
the distant past.

Handicapped by a short instrument record, climate scientists who want to see 
where big, long-term weather trends are likely to go from here have had to use 
their ingenuity. To see further back beyond the last century or so, researchers 
have borrowed some methods and tools from the science of geology, the study of 
Earth’s land masses. From their studies of such things as growth rings on very old 
trees and pockets of trapped air from layers in cores bored deep into polar ice 
sheets, scientists are able to estimate what the climate was like way back when. 
Because these estimates are indirect evidence rather than direct measurements, 
they are called proxy records.

Long warm ages
Did you know that for long periods of time the Earth’s climate was a lot warmer 
thanitistoday?Someresearchersestimatethataslittleas10percentofEarth’s
pasthasbeeniceages.Othersthinkit’s longerthanthat.Butstill,researchers
agree that for hundreds of millions of years it was between 14 degrees and  
25 degrees warmer than now. For example, one of those warm periods was about 
65millionyearsago —aboutthetimethedinosaursbecameextinct.

Imagine such a place: no glaciers anywhere, and no ice caps at the poles. All that 
water that is now locked up in glaciers and ice sheets would have been part of the 
oceans, so the oceans would have been bigger. And places along the shore that 
todayarehighanddrywouldhavebeenunderwater,partofthefloorofabigger
ocean. Giant, barren deserts like the Sahara at one time were lush with tropical 
vegetation and teeming with animals.

Between these warm periods, however, were other long stretches of much cooler 
temperatures. What has surprised many researchers is recent evidence that the 
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switch from one climate phase to another — from ice age towarmperiod — 
occasionally has taken place fairly quickly, maybe in only a few years.

Short ice ages
According to the current ballpark estimates, Earth’s long warm past has been 
interrupted by seven ice ages that have been relatively brief. While the warm peri-
ods lasted hundreds of millions of years, ice ages are measured in tens of millions 
of years.

About700millionyearsagowasabigIce Age, maybe the biggest of all. In fact, 
there is evidence that leads some researchers to think that during this ice age, ice 
covered the Earth nearly everywhere, all year round. The entire planet may have 
been a big snowball.

DidyouknowthatyouandIarelivinginaniceagenow?Thereareglaciersandice
sheets on the continents, particularly in the Northern Hemisphere, and ice caps 
cover the Arctic and Antarctica, the North and South poles. Climate scientists will 
tell you that the current ice age began gradually about 55 million years ago and so 
covers all the time that there have been humans on Earth. It reached its maximum 
extentabout20,000yearsago,whenitsicesheets,asmuchas2milesdeep,had
spread down over the northeastern United States and the Midwest. This ice age has 
beeninretreatsincethen,butevenduringthelast15,000years,whenthecurrent
warming began, sharp climate changes have interrupted things.

Medieval warm period
During most of human history, the giant far northern continent called Greenland 
has been anything but green. It has been inhospitably cold and covered with giant 
icesheetsmostofthetime.About1,100yearsago —theyear900 —climateinthe
North Atlantic suddenly became warmer.

Greenland got its name from this time, when the Vikings of Norway were powerful 
explorers. They had settled Iceland, and their North Atlantic adventures led  
them to discover the big green pastures of the giant continent to the west. The 
ambitiousNorsemensettledGreenland.Butabout1200,theclimatebegantogrow
cold again.Within about200years, theViking settlerswere stranded, and the
Greenland colonies were lost.
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Scientists are not really sure that this “Medieval Warm Period” deserves a global 
climate name of its own. There is evidence that what happened in the North 
Atlantic was regional change prompted to a shift in ocean currents. But there’s no 
doubt about what happened next.

Little ice age
The period of warmth during the Middle Ages was soon followed by a cold spell 
thatbeganabout1450andlasted400years.Itwasn’treallyanewiceage,butit
sure felt like it to the people of western Europe and North America.

This was a time of long, severe winters and hardship and short and wet summers 
inEuropeandNorthAmerica.Thelateststudiesindicatethattheyear1601was
thecoldestofthelast1,000years,andthefollowingcenturywasthecoldestofthe
millennium.

Agricultural production failed in many areas of Europe, leading to famine. In 
NorthAmerica,thenewcolonieswerehardhit.TheEnglishcolonyatJamestown
wasalmostabandonedaftertheterriblefirstwinterin1607.Morethanhalfthe
colonists starved or died from the cold.

A warming trend
Temperatures have been less cold and winters have been less extreme in the 
1900s,butthereisadefiniteclimatetrendaroundtheworldoverthepastcentury.
As you may have guessed, it is getting warmer.

Annual surface temperatures around the world warmed almost 2 degrees  
Fahrenheitsince 1880.Thewarmestyearsonrecordalloccurred in thedecade
between2011and2020.Theyear2020tied2016asthewarmestyearonrecord.In
fact,scientistssayitmayhavebeenthewarmestofthelast600years.

Whatiscausingthiswarming?IsitjustpartofEarth’snaturalclimatevariation?
Orisitcausedbyhumanactivity,bytheso-calledgreenhouseeffectthatindus-
trialgasseslikecarbondioxidehaveontheatmosphere?Thesequestionsabout
globalwarmingareexploredinChapter 13.
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CLIMATE DETECTIVES
It doesn’t take a genius to figure out some climate evidence that geologists have dug up. 
The long scrapes left by a glacier passing over the surface of a big rock are pretty unmis-
takable. The material left over from such events as floods also can be found under-
ground without too much trouble. But this kind of evidence is not good enough to 
construct a picture of what Earth’s climate was really like at different times in the past. 
For that picture, they have had to employ some pretty shrewd detective work. Here are 
some of their favorite methods:

• Tree rings: In forested areas, researchers can read the annual growth rings of old 
trees and tell how climate changed over their lifetimes (see figure). Times of plenti-
ful rain or snow are marked by rings that are thicker than those left by times of 
drought.

Courtesy of John Florence, University of Arizona

• Ice cores: The seasons leave their own permanent signatures on the glaciers and 
ice sheets, which do not melt. Winter is white and thick; summer is thin and dark-
ened by the accumulation of bits of stuff deposited by the atmosphere over 
months. Researchers studying deep ice cores can read the thickness of these lay-
ers, and they can analyze the chemical composition of the dust deposits and tiny air 
bubbles trapped inside the ice and discover all kinds of things about ancient climate 
(see figure).
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Courtesy of John Rhoades

• Sediments: On the floor of the oceans and large lakes are deep accumulations of 
ancient plant and animal life and other debris that climate detectives find fascinat-
ing. From the chemical makeup of the shells left by long-gone tiny aquatic organ-
isms, for example, they can tell how much oxygen or carbon dioxide was in the 
atmosphere at the time.

• Pollen: From the pollen of ancient plants preserved in lake sediments, researchers 
can figure out what types of vegetation grew in a place. With that information, they 
have a good idea what kind of climate prevailed when the pollen was part of a living 
plant.
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Chapter 13
Weathering Our 
Changing Atmosphere

I have to confess: I am one of those people who grew up perfectly happy not wor-
rying about climate change. Those stories about ice ages and floods and warm-
ings were interesting, of course, but they all had a kind of other-worldly ring to 

them. Great cosmic forces were at work throughout our impossibly distant past, 
ever so slowly fashioning our favorite planet into this marvel of modern, equable 
stability.

Even now, in the face of all this really good science, global warming doesn’t sound 
like such a big deal. You may have noticed, “Global” is not a place on Earth where 
anybody lives. And warming, well, what’s a degree of planetary temperature 
shared among friends over time?

IN THIS CHAPTER

 » Understanding climate change

 » Looking at what global warming is 
doing to our weather

 » Getting ready for whatever 
happens next
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Don’t be fooled by the terminology: The problem is big, bad, and more urgent than 
just about everybody expected. We may be in the grasp of an episode of what sci-
entists call abrupt climate change, and already it’s messing with our weather. In 
this chapter, we dig deeper into the science of climate and consequences of our 
changing atmosphere on our day-to-day weather.

The Global Warming Picture
The average temperature of the Earth has warmed 1 degree Celsius in the last 
century, and scientists expect another 2 degrees to 6 degrees of global warming 
in the next century. That may not sound like much, but it’s a lot, and it’s faster 
than anything in the last 10,000 years. Consider this: In the middle of the last 
ice age, 20,000 years ago, world temperatures were 9 degrees cooler than today. 
The Great Lakes and New York City were buried under massive ice sheets at  
the time.

High temperatures mean melting glaciers and ice caps and higher sea levels, for 
one thing. Already, the oceans have risen up to 10 inches in the last century, and 
scientists predict a rise of one-half foot to 3 feet over the next 100 years.

The effects of global warming would be different from place to place. Some areas 
would become drier and others would become wetter. Droughts and heatwaves 
would become more common, and air pollution could become worse. At the same 
time, storms could become more fierce and more frequent in some places. Already, 
worldwide precipitation over land has increased about 1 percent in the last cen-
tury, scientists say, and extreme rainfall has become more frequent.

Scientists can’t tell you exactly what to expect, but here’s the general picture. 
Everybody’s health, their food supplies, their fresh water, the forests, wildlife, 
and the coastal communities and wetlands — all these things depend on long-
term weather patterns remaining fairly stable, or at least changing only gradually. 
What worries climate scientists is that all these things are in harm’s way in a 
world of big, rapid change that is the picture of global warming. Figure 13-1 is a 
look at the global temperature picture in modern times.
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The Global Warming “Debate”
Media people who kick around the phrase “global warming debate” are not really 
describing how the world’s leading climate researchers spend their time on this 
subject. There really is no debate about the existence of human-caused global warming 
among scientists in this field. They know that global temperatures have been on 
the rise for many years now, and they agree that the atmosphere is showing signs 
of humankind’s tinkering with its basic chemistry by polluting the air. Their 
models and their research findings mostly point in the same general direction, but 
they disagree about the details. There is general agreement among these climate 
researchers, but still a lot of uncertainties. That’s the way it is with science.

Climate scientists argue about things like this:

 » Is this wrinkle of climate change part of natural variation or human-caused 
global warming? And how about that one?

 » Will global warming mean more high clouds that reflect sunlight and cool off 
the atmosphere, or will it mean more low clouds that absorb more heat from 
the ground?

 » My model is better than yours.

FIGURE 13-1: 
Average 

departure from 
normal  

temperatures 
since 1880.
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Politicians — now those are the folks debating global warming. In this arena, the 
climate of planet Earth is treated like just another special interest. Depending on 
their persuasions and the interests they represent, some are inclined to fear the 
worst, and others are inclined to deny it altogether. And both sides are absolutely 
certain about everything they say on the subject. That’s the way it is with 
politics.

Politicians argue about things like this:

 » Reducing these polluting gas emissions is going to cost a bundle, so who is 
going to pay for it all?

 » And another thing: Whose air is it, anyway?

 » Oh, yeah? Well, so’s your old man!

Sadly, today’s global warming “debate” arouses strongly held opinions and too 
quickly becomes a hot political question rather than a cool scientific one. It seems 
like the less they seem to know about the subject, the more strongly they feel. Go 
figure. Listen to one of these “global warming debates” and then ask yourself: If it’s 
not the job of a member of the United States Congress to find out from climate sci-
entists what is really going on up there, then whose job is it? In the middle of all the 
heat and emotion, it’s easy to be like the people who laughed at Galileo 400 years ago 
when he argued that air actually has weight. It’s hard to keep an open mind.

Abrupt Climate Change
The pace of change may be the most unexpected and “sneakiest” part of this sub-
ject. For those of us who grew up thinking of climate change as very slowly evolv-
ing variations in our seasonal weather patterns, coming face to face with the 
prospect of abrupt climate change is quite an unwelcome surprise. What we thought 
of as a process measured in terms of hundreds and thousands of years has been 
reduced to the span of a single human lifetime.

Earth does not very easily give up its big secrets, especially to those who are not 
looking for them. The natural behavior of our climate is not what we thought it 
was. The evidence has been hidden away deep in the ice sheets and seabed sedi-
ments, in the growth rings of ancient trees, and other places where the effects of 
weather have been laid down over time.

Scientists studying signs of our distant past recorded in the layers of ice cores 
drilled 2 miles deep through the entirety of the Greenland ice sheet have pieced 
together a pattern of temperatures during the last ice age. It is not the picture of 
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slumbering stability that you might expect of an ice age. The pattern is  
herky-jerky, to say the least, depicting a system prone to dramatic, rapid 
fluctuations.

Our climate has these trapdoors hidden away that it can spring on us while we’re 
thinking about something else. One of the trapdoors is the behavior of the Atlantic 
Ocean conveyor belt of ocean circulation described in the sidebar “The big climate 
flop.” A change in mode could provoke a series of irreversible abrupt climate 
changes  — what one scientist calls “a monstrous change.” There are other  
trapdoors and feedbacks hidden in the record of our naturally behaving climate. 
Some we know something about, and some we don’t.

The Same Weather — Only More So!
The impacts of a rise in the global mean temperature, like the weather itself, are 
experienced very unevenly around the world. Climate scientists have warned for a 
long time now that higher average temperatures — this rising planetary fever —  
mean the atmosphere is more energetic and more forceful and carries more water.

Our atmosphere packs a bigger punch. It’s not the overall pattern of weather so 
much, it’s the intensity of events. It’s the same weather, you might say, the same 
storms during the same seasons — only more so! The heatwaves are hotter. The 
cold spells are colder. The wet spells are wetter. The dry spells are drier.

A new field of research has been building up around ways to understand how our 
changing atmosphere is impacting our weather, but scientists in this field often 
find themselves being asked a question they cannot really answer. Was this storm 
caused by global warming?

Their answer sounds like a dodge: A single weather event cannot be ascribed to 
climate change. They end up saying something along the lines of, “What hap-
pened in the storm is consistent with what we would expect from global warm-
ing.” Scientists are getting better at putting figures to their facts about the impact 
of our changing atmosphere on specific episodes of extreme weather, but after a 
while you have to ask yourself if you are really focused on the right question.

Here’s another way of looking at it: Think of the atmosphere as water in a fish-
bowl. Now turn up the heat. Everything in the bowl is affected by the fact that the 
water is warmer — every fish, the sway and intensity of every little whirl. So it is 
with the atmosphere. Don’t look now, but you and I are living at the bottom of an 
ocean of air. Was this storm caused by global warming? The answer is: Nothing that 
happens in the atmosphere is totally unaffected by the fact that our ocean of air, 
like the fishbowl water, is warmer than it used to be.
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Polar airs
In Earth’s polar regions, north and south, temperatures are warming at twice the 
global average. Their ice is melting more rapidly than anybody would have 
thought. They are caught in a nasty feedback loop. The Sun’s warming rays, 
instead of rebounding off white sea ice — as they have done for thousands of 
years — are now being absorbed by dark, ice-free warming ocean. Less ice, more 
warming . . . so it goes.

The Arctic may be sending an unwelcome message to the Northern Hemisphere. 
Arctic sea ice is melting at such a rate that during the Northern Hemisphere’s 
winter, the atmosphere’s circulation pattern is rearranging itself. What used to be 
a tightly bound vortex of high-altitude winds encircling the frigid Arctic air mass 
has been giving way more often to a loopy, meandering jet stream that carries the 
freezing air farther south during winter across Asia, Europe, and North America. 
Have you noticed that the term “polar vortex” has become a more common fea-
ture of winter weather forecasts? The existence of the powerful upper atmosphere 
winds racing around the North Pole and South Pole has been known for a long 
time, but only recently has it been seen as a winter weather event. The refrigerator 
door has been left ajar. Chapter 8 describes the polar vortex in more detail.

Rising seas
Like an ice cube in a glass, ice that is floating on the sea surface does not change 
sea level when it melts because its mass already has been displaced in the ocean. 
But ice that is melting from high mountain glaciers and the great ice sheets cover-
ing Greenland and Antarctica is another matter.

Recent studies describe a situation that is going from bad to worse as glaciers 
respond to rising temperatures of the air and warming of the underlying ocean. 
Climate scientists saw this coming, but the fast pace of change is a surprise to 
most everyone. Figure 13-2 illustrates the rapid rise in the average global sea sur-
face temperature since 1880.

Earth is losing 1.2 trillion tons of ice per year, scientists say, and the loss is accel-
erating. More than higher air temperatures, warming ocean water is eating away 
at the “feet” supporting many Greenland glaciers that flow into steep fjords, 
causing the upstream ice to more rapidly flow into the warming sea.

What is happening in Greenland especially and in high mountain glaciers means 
that a rising sea level is going to be a bigger problem sooner for many coastal cit-
ies and towns around the world than originally thought. Tidal flooding and dam-
age from higher storm surges are becoming more frequent. Scientists at the 
British Antarctic Survey estimate that 100 million people live in coastal areas that 
are vulnerable to sea-level rise.
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On another front, a recent study by European scientists suggests that govern-
ments around the world are underestimating the amount of sea-level rise expected 
from the thermal expansion of the oceans’ volume as their waters continue to 
warm through this century.

FIGURE 13-2: 
Rising ocean 

temperatures 
since 1880.

THE BIG CLIMATE FLOP
Climate scientists can tell you that the circulation of the ocean plays a big role in long-
term weather patterns. While temperature trends are especially slow to take hold in the 
ocean, the big deep has a big climate trick up its sleeve.

A lot of the heat energy of the Sun is distributed from the Equator to the poles in a huge 
conveyor belt of ocean circulation that is controlled by shifting water temperatures and 
salinity, or salt content. Warm water flows north along the surface of the Atlantic 
Ocean — the Gulf Stream is a big part of it — and then when it cools off, it sinks to the 
bottom of the ocean and heads south, as illustrated in the figure.

(continued)
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Wildfires
All along the arid, drought-prone regions of the world, from the western forests 
of North America, from Alaska through British Columbia, from the Cascades to the 
Sierra Nevada and the southwestern desert, and across vast reaches of Australia, 
the wilderness is catching fire and burning like never before.

Where the water is warm on the surface and where it is cool, where it is heavy with salt 
and where it is light and fresh, has a lot to do with the shape and intensity of weather 
patterns around the world. This Gulf Stream flow means the temperatures and seasons 
in Europe are noticeably milder than it would be otherwise at those latitudes. 
Greenland’s unexpectedly rapid melting is changing ocean temperatures in a way that is 
slowing the pace of this great ocean circulation. The conveyor belt has different modes, 
or operating speeds, that change the location of rising and sinking ocean water, and 
rather than sliding gradually along, it tends to flop suddenly from one mode to another 
and stay in the new mode for hundreds or thousands of years.

Globally warming temperatures are causing the oceans to heat up, and melting fresh-
water ice sheets are changing the ocean’s salinity. Most recently, scientists warn that 
several “proxy” indicators point to a weakening of this great Atlantic Ocean conveyor. Its 
circulation has weakened 15 percent since the 1950s, they report.

So there is some chance that a new long-term ocean circulation-climate pattern could 
kick in, with potentially disastrous consequences to the Northern Hemisphere. How 
close are we to such a tipping point — to the next big climate flop? Nobody can tell you.

(continued)
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If you think wildfires are not weather events, you haven’t been paying attention. 
You haven’t seen the lightning strikes across the landscape and experienced what 
they do to the air we breathe. In the smell and the smudge and the falling ash, in 
the loss of life and property, the presence of climate change is all around them.

“Fire seasons” over much of the world are coming earlier and, like unwanted 
guests, they are staying longer. The conflagrations they spawn are bigger, hotter, 
and more deadly. In the 2020 fire season alone, according to one estimate, a  billion 
wild creatures perished in the wilderness of Australia. So enormous are many of 
these blazes that they are blowing up into far reaches of the atmosphere like 
 volcanic eruptions — creating their own fiendish weather.

These terrible, self-perpetuating spectacles, once so rare, are now becoming 
commonplace. The fires grow into such forceful monsters they are generating 
their own giant smoke-choked thunderstorms. The five-dollar word for such a 
thing is pyrocumulonimbus.

Spitting burning embers, ash, and smoke and sparking lightning and roaring 
flame-feeding winds, these firestorms fling themselves far out ahead of lines 
formed by firefighters struggling to contain them. One recent study found that 
aerosols from a group of five such pyrostorms in 2017 in western North America 
lofted into the stratosphere and hung over the Northern Hemisphere for several 
months.

According to a recent study, these changes in wildfire frequency and intensity are 
threatening more than 4,400 species around the globe, including 19 percent of all 
birds and 16 percent of mammals.

Hurricanes
The biggest storms on Earth are becoming bigger problems in our changing 
atmosphere. (Chapter  7 is all about hurricanes.) They are not becoming more 
numerous, necessarily. That’s the good news.

Climate scientists point to the El Niño and La Niña cycle in the tropical Pacific 
Ocean as a more reliable indicator of the number of tropical cyclones in a given 
season. El Niño’s high-level winds tend to cut off the cloud tops of developing 
tropical storms, suppressing their growth. La Niña’s calmer winds have the oppo-
site effect, making for a busier season. (Chapter 12 has more to say about El Niño 
and his sister.)
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The bad news is that our changing atmosphere is making hurricanes (detailed in 
Chapter 7) meaner — more dangerous and more damaging:

 » They are becoming stronger. Warming tropical sea surface temperatures 
are providing more fuel, more energy to their circulating winds. There are 
more strong hurricanes than there used to be.

 » They are becoming wetter. Rising ocean temperatures are warming the 
tropical atmosphere, allowing the storms to carry more water vapor.

 » They are becoming slower. Even as their circulating winds are kicking up to 
higher speeds, their forward motion is slowing down, dumping bigger loads of 
floodwaters.

 » They are becoming more destructive. They are spending more time over 
land after leaving the ocean and they are traveling farther inland than they 
used to.

Heatwaves
Heatwaves are becoming bigger problems around the world. Researchers report 
that, since the 1950s, heatwaves have become more frequent, more intense, and 
are lasting longer. The pace of these increases is accelerating — the problem is 
becoming worse faster.

In the United States, more people die from excessive heat than flooding or 
 hurricanes or any other weather disaster. Globally, the World Health Organization 
reports that heatwaves killed more than 166,000 people in the two decades before 
2017, including 70,000 people who succumbed to a 2003 heatwave in Europe.

Urban heatwaves are especially treacherous because cities experience a heighten-
ing “heat island effect” brought on by the hard surfaces of buildings and road-
ways. Especially threatening is the incidence of higher humidity, often a function 
of location but also brought on by the fact that our globally warming atmosphere 
contains more water vapor than it used to.

Heatwaves are among the most dangerous of weather extremes, especially for 
urban-dwelling elderly residents and others with health disabilities, such as obe-
sity, heart trouble, and other ailments. It may not be so noticeable to most of us, 
but average nighttime temperatures are rising at a faster rate than daytime  
temperatures — a turn of events that is important for vulnerable urban dwellers 
caught in the rising heatwave episodes. Chapter 10 describes the dangers of heat-
waves to city dwellers in particular and how forecasters’ warnings about them 
should not be ignored.
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Getting Ready for Whatever Happens Next
Does the weather seem to be getting crazier and more extreme? Maybe it’s my 
imagination. Maybe it’s just a run of bad luck. Or maybe it’s just a false impres-
sion left by the fact that we are so saturated with media coverage of every event in 
this day and age.

If it’s a sign of global warming, though, then we would all be smart to brace our-
selves for more extreme events like drought, wildfires, heavy rainstorms, flood-
ing, hail, hurricanes, and tornadoes. Pack a bag. Put together a family emergency 
kit of food and water that you can pick up and run with.

Our future may turn out differently than we’ve supposed. In my mind, at least, 
things like climate and weather were expected to be the backdrop of humanity’s 
more engaging endeavors — a set of reliably stable circumstances that we could 
safely take for granted. The idea of abrupt climate change is a rude awakening,  
I can tell you. As a person who grew up not worrying about climate change, to 
realize that we really can’t be sure about any of this is a shocking turn of events.

’TIS THE SEASONS
Across the Northern Hemisphere, the four seasons used to be thought of as periods of 
weather patterns that were fairly reliable and evenly spaced. In the 1950s, winter, 
spring, summer, and autumn each occupied three months on the calendar, more or 
less. These days, not so much.

Recent research confirms something you may already have noticed. The lengths of the 
seasons have changed, and scientists say that by the end of the century, in 2100, the 
Northern Hemisphere’s summer will stretch on for six months rather than three, and 
the other seasons will be shorter.

Studying seasonal climate data from 1952 to 2011, the researchers found that the 
length of summer in the mid-latitudes has extended from 78 to 95 days. Already it is 
noticeable in the flowering of plants and the migratory habits of birds. By the end of the 
century, as continued warming amplifies the trend, summer will so dominate weather 
patterns that winter will be reduced to a mere two months, researchers warn.

Longer, warmer summers will mean more summer-related weather extremes — more 
intense heatwaves and droughts and the wildfires they spawn.
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Chapter 14
Taking Care of the Air

Would you buy a dirty book? I mean, would you have forked over your 
hard-earned cash for Weather For Dummies if there had been stuff on its 
cover? If it smelled funny? If some of its pages were smeared to the 

point that you could barely read its wonderful prose? No way — not unless your 
life depended on it. It’s a silly question, in a way, but look what you and I put up 
with when it comes to something that everybody’s life does depend on. Imagine 
that you had to pay for the air that fills your lungs. Would you put up with all that 
stuff? By the way, it’s your book, but whose air is it?

This chapter is all about the stuff in the sky that didn’t used to be there and does-
n’t belong there. It’s about all forms of air pollution and what the weather has to 
do with it. This is the stuff that makes that thick layer of air over a city look like a 
gaggy brown blanket of mud. The stuff that stinks and burns your eyes and makes 
you cough and short of breath. The stuff that makes the atmosphere do weird 
things like developing ulcers in its ozone layer and becoming all gassy and maybe 
even overheated.

It’s about soot and smoke. It’s about the stuff that comes out of the back ends of 
motor vehicles and the tops of factories. Emissions is the polite and sanitary word 
for it. My people at the Go Figure Academy of Sciences are always looking out for 

IN THIS CHAPTER

 » Seeing through the haze

 » Plugging the ozone hole

 » Warming to the greenhouse effect
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words like emissions. You could say, for example, that when you’re following a 
herd of cows, you carefully watch where you are walking so that you don’t step in 
any of their emissions.

Air pollution raises some difficult questions. Is the sky a really good waste dump? 
Does it all come out in the wash of a good rainstorm? Is it true that, year after 
year, it can take in millions of tons of fumes — these emissions — and the atmos-
phere will always find something harmless and convenient to do with them? As 
the arguments over global warming show, weather scientists don’t have all the 
answers to these questions yet.

Polluting the Air
You can’t blame the weather for polluting the air, but weather conditions certainly 
can make matters worse. Fog and stagnant air produced the lethal London fogs 
that were mixtures of smoke and fog (see sidebar). This combination of smoke 
and fog is where the word smog comes from. Heat and sunlight cook up a different 
brew called photochemical smog that car-crazy Los Angeles made famous in the 
1950s.

Most often, episodes of heavy air pollution are created when air temperatures are 
in a pattern known as a temperature inversion. It gets this name because the air 
temperatures from the surface to upper layers are upside down, or inverted, from 
their most common pattern. Instead of growing cooler and cooler with higher and 
higher levels, there is an inversion layer of air that is warmer than the air nearer 
the ground. When air is warmer at the surface, it can rise through the cooler upper 
air like a balloon, dispersing the pollution it carries and creating some circulation. 
During a temperature inversion, the layer of warmer air is like a lid, preventing 
the cooler air near the surface from rising and carrying away its polluting gases.

Temperature inversions are common anytime there is a pattern of high pressure 
and sinking, warming air aloft, and relatively calm winds. You could think of 
invert air temperatures as a salad dressing of vinegar and oil. They sit there in 
separate layers unless a wind or a storm comes along to shake them up.

A temperature inversion is very common along the West Coast of the United 
States, where the worst episodes of air pollution are during summer. The prevail-
ing wind blows in air from the cold Pacific, and the cool air often gets trapped 
under a layer of warmer air. Cool air also can slide down the western mountains 
and sink under warmer air over the valleys.
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Elsewhere in the United States, including the Rocky Mountains, the pollution sea-
son often is winter, when cold surface air often gets trapped below warmer air 
overhead. In these parts of the country, the worst episodes of air pollution often 
come with a layer of fog.

Stuff that pollutes the air comes in several varieties. Many of them are gases. Sev-
eral are what are called greenhouse gases, which trap heat like the roof of a green-
house and prevent it from radiating out into space. These gases are what global 
warming is all about — concern by the world’s leading climate scientists that the 
greenhouse gases are building up to the point where they could be causing the 
atmosphere to warm up more than it would naturally. This is the dirty truth of it, 
they say. The cause of global warming is air pollution.

The short and long of it
Air pollution problems come in different varieties, too. The same puffs of pollu-
tion by the same gases have more than one impact. It’s the time frames that are 
different.

In the short run, people in many large cities face immediate health hazards in the 
air they breathe.

 » Day-to-day weather conditions like temperatures and cloud cover gang up 
with the stuff drifting around in the local air to pose one kind of public health 
situation or another.

 » From one season to another, air pollution comes and goes with the winds, the 
passage of storms, occasions of high pressure, hot temperatures, or fog.

In the long run, the same polluting gases also have effects on health and climate, 
the Big Picture averages of weather.

 » Some polluting gases continue to break down the ultraviolet shield protecting 
Earth for decades or even centuries after they have been dumped into the air.

 » The long-term future also is clouded by concern over the added greenhouse 
effect of several air polluting gases on climate patterns around the world.
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The usual suspects
Sorry to get technical about this, but here are some names of air pollution sus-
pects that you may want to know:

 » Carbon dioxide is a big part of the pollution problem, even though it occurs 
naturally in large quantities in the atmosphere. It’s the stuff you breathe out 
before you take another breath of oxygen. Everything that burns pumps more 
CO2 into the sky. A lot of carbon dioxide gets washed out of the atmosphere 
when it rains or snows, but not all of it. For 150 years or so, ever since 
factories and vehicles have been burning coal, oil, and natural gas, this 
greenhouse gas has been building up in the atmosphere.

 » Hydrocarbons are greenhouse gases that are bunch of combinations of 
hydrogen and carbon that spew out of the tailpipes of cars as well as many oil 
refineries and factory smokestacks. Many of them are bad for you. Some of 
them cook up with oxides of nitrogen in the air on a hot day to form that 
brown layer of smog.

LONDON SMOG
Smog was invented in London, you might say, along with the industrial revolution.

People had been complaining for hundreds of years about the smoke problems in 
England, especially since the 1600s, when coal replaced the shrinking wood supply as 
fuel for heating homes. As the smokestacks of new industry sprouted over London, the 
sky grew darker and dark. It was the lethal brew of London’s smoke and fog that 
inspired a physician there to coin the word smog.

It was 1911, and 1,150 Londoners had just died of an episode of air pollution. The 
“smoke problem” was considered just part of modern life in those days, the price of 
progress and profits. For another 50 years, nothing much was done about the problem.

In the first week of December 1952, high pressure built up overhead, and the winds 
died. Another bout of stubborn London fog set in. The city grew dark, and the air grew 
dense. Visibility was down to 1 foot. People wore masks over their faces and made their 
way down the street by feeling the sides of buildings. By the time the fog lifted five days 
later, 4,000 people were dead.

Parliament approved Britain’s Clean Air Act in 1956.
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 » Nitrogen oxide is another tailpipe emission that forms the brown haze of smog 
and acid rain that eats away stuff it falls on. It’s bad for your heart, lungs, liver, 
and kidneys, and it helps cause pneumonia and bronchitis.

 » Ozone is an unfortunate byproduct of the processes that brew air pollution. 
This stuff that you and I like so much up in the stratosphere, where it forms 
the protective layer against harmful ultraviolet radiation, is definitely not 
something you want in the air you breathe. In high concentrations, it irritates 
your eyes and lungs and is toxic.

 » Sulfur compounds come from burning coal and oil, especially by electrical 
power plants, and from paper and pulp processing plants. They make the air 
stink and cause acid rain. They are bad for everybody, especially people with 
breathing problems like asthma and bronchitis.

 » Suspended particulates, or floating particles, are tiny bits of stuff that includes 
metals like lead and zinc and copper, as well as really small bits of soot and 
stuff like asbestos fibers and bits of fertilizer and pesticide that are so small 
they can be inhaled deeply in your lungs. Also, in this floating mix are aerosols, 
tiny liquid droplets of acid and other substances that you wouldn’t want in 
your soup.

DONORA 1948
On October 26, 1948, a big area of high pressure settled over the eastern United States. 
Right in the middle of it, in the bottomlands of the Monongahela River Valley, was the lit-
tle town of Donora, Pennsylvania. Smokestacks of the town’s steel mill and zinc smelter 
and sulfuric acid plant were pumping out their stuff just like they always did. The air was 
moist from recent rains, and a strong temperature inversion put a lid of unmoving air 
over Donora.

For five days the foul air sat over the town, and all the time the smokestacks kept pump-
ing out their stuff. A thick layer of dense fog blocked out the light of the Sun. It was so 
dark, you could barely see across the street, and the whole place stank.

Before it was over, 22 people were dead, and half of the town’s 14,000 residents were 
sick. Finally, an approaching storm came along and blew it all away.

Official reports of the worst air pollution disaster in U.S. history blamed the weather. 
But what happened in Donora in 1948 woke everybody up to the dangers of industrial 
air pollution and eventually led to enactment of the federal Clean Air Act in 1963. Today, 
a marker in the little town pays tribute to the air pollution victims of Donora.
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Getting the drift
Winds play a big role in air pollution. Strong winds help blow away and dilute air 
pollution where it is created. In fact, many areas where a lot of pollution is pumped 
into the sky very much depend on prevailing winds to keep this stuff on the move. 
Many of the worst cases of air pollution have come when the prevailing winds 
stopped blowing.

During the big 1997–98 El Niño, for example, South Asia was shrouded in a cloud 
of smoke from fires set to clear the jungles of Indonesia. The farmers had expected 
the prevailing westerly winds to blow away the evidence of their fires. But El Niño 
calmed the winds, and for weeks the smoke built up to produce a widespread 
health crisis in the major cities of the region.

Winds play another role that scientists are discovering some interesting things 
about. More often than not, prevailing winds deliver the effects of pollution to 
areas downwind of the polluter. But there’s more to it than that. Storms can blow 
air pollution very high into the atmosphere, where the jet stream and other pow-
erful winds can carry it great distances around the world.

The sky over places like the Grand Canyon is showing the telltale signs of pollu-
tion from air blown in from distant cities. During the 1997–98 El Niño, smoke 
from wildfires burning in severe drought conditions in central Mexico drifted as 
far north as Chicago. Recent studies show that the sky over the Pacific Northwest 
from time to time contains traces of stuff pumped into the air in Asia.

Acid rain
Don’t you hate it when it rains acid? This used to be a big problem. Figure 14-1 
shows the concentration of acid rain in the eastern third of the United States as 
well as southeastern Canada. Rain is normally a tad acidic, because water droplets 
in clouds dissolve some of the naturally occurring carbon dioxide in the air. Acid 
rain refers to concentrations of acid that you’d expect to find inside of a tomato. 
(Weather tip: When it rains tomato juice, go inside.)

Unlike a lot of things, most everybody knows what the problem is with acid rain 
and where it comes from. The biggest problem is emissions of sulfur compounds 
that produce sulfur dioxide that rains out of the sky as sulfuric acid. A recent study 
found that coal-fired power plants of electrical utilities spew 70 percent of the 
sulfur dioxide that’s in the air. One study found that such plants in the Ohio Valley 
are responsible for half of the acid rainfall in Canada.
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Nitrogen oxides also make acid rain. About a third of these emissions comes from 
power plants of electric utilities and another third comes from motor vehicles.

Since the 1990s, national and international programs have sharply reduced the 
problems of acid rain in the eastern United States and Canada and across much of 
western Europe, although emerging economies in China, India, and several 
nations in Latin America continue to experience its effects.

The Clean Air Act in the United States and the Geneva Convention on Long-range 
Transboundary Air Pollution in Europe set in motion the protocols for enforcing 
reductions in sulfur dioxide and nitrogen oxide emissions spewed into the 
atmosphere.

Acid rain remains in issue over the regions of the world that are downwind of 
large industrial areas, but while the patterns are much the same, the overall con-
centrations of acidic rainfall has been reduced by upward of 90 percent  — an 
international success story by any measure.

FIGURE 14-1: 
The pattern of 

acid rainfall 
across the U.S. 

and Canada.
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The Hole in the Sky
Sunlight is pretty powerful stuff. After all, it is radiation coming from the nuclear 
fires of a star. If all the different wavelengths of light that left the surface of the 
Sun were to arrive at the surface of your skin, you’d be deader than a doornail. So 
would I, of course. In fact, if the atmosphere did not filter out some of the radia-
tion that reaches Earth, most forms of life would not exist.

The killer rays of sunlight are known as ultraviolet radiation, because the lengths of 
their waves are in the invisible range out beyond the color violet that you see. 
Some of this radiation — called UV-B — causes sunburn, skin cancer, and eye 
damage. (Check out the UV Index in Chapter 10.) The only thing between you and 
these deadly rays is a thin layer of gas high in the sky above where the weather 
takes place. It’s between 9 and 30 miles up, in the band of sky known as the strat-
osphere. The gas is a rare form of oxygen known as ozone.

You may wonder: Why is a layer of gas that could be more than 20 miles thick in 
the atmosphere called a thin layer? It’s because ozone molecules are rare even in 
the band of sky they call the ozone layer. There is very little of this stuff. For every 
ten million molecules of air in the atmosphere, there are only three molecules of 
ozone. If you could take the total amount of ozone and spread it evenly around the 
atmosphere, like icing on a cake, the layer of ozone protecting you and me from 
the killer rays of space would be only about one-eighth of an inch thick.

The bad news is, because of air pollution, this thin shield of ozone is getting even 
thinner. Some chemical reactions are taking place up there in the stratosphere 
that are eating the ozone. It has reached the point to where an ozone hole forms in 
the sky over some parts of the world.

In 1987, concerns about the loss of the atmosphere’s protective ozone layer gave 
rise to the Montreal Protocol, which banned the use of certain ozone-wrecking 
chemical compounds. While the Antarctic ozone hole appears to be on the  
mend, the path toward success like the acid rain regulations may not be as 
straightforward.

Fortunately, it has been happening over unpopulated Antarctica, the South Pole, 
during the Southern Hemisphere’s spring, September through November. But 
that’s just the first and the worst of it. The ozone thinning problem is spreading 
to other parts of the world. Now it’s showing up over the Arctic, the North Pole, 
during the Northern Hemisphere’s spring, and even over more populated regions.
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The chemistry of what scientists call ozone depletion involves some fairly compli-
cated chain reactions. It involves human-produced compounds that contain a 
variety of combinations of these chemical elements: chlorine, fluorine, bromine, 
carbon, and hydrogen. The ozone-eating process also requires especially cold 
temperatures and a convenient surface for the chemical reactions to take place, 
like the side of an ice crystal in a stratospheric cloud.

The end result of all the complicated chemistry is some fairly simple math. The 
only equation you need to keep in mind is this: Less equals more. Less ozone in the 
stratosphere over your head means more lethal ultraviolet radiation in your face.

The ozone-eaters
The chemicals that eat ozone had enjoyed a good reputation during their working 
years, before people got a look at how they behaved in retirement. Since the 1930s, 

SMOG OZONE
Ozone is like a big, obnoxious brute who happens to be on your side in a fight. You 
know, the friend of a friend. You’re glad he’s there, at a safe distance, but you really 
don’t want to spend a lot of time around him.

While most of the ozone floats around in the stratosphere, where it does a lot of good 
absorbing ultraviolet rays, about 10 percent of it lays around in the lower part of the sky 
known as the troposphere, where it gets in your face.

This is just about the last stuff you want in the air you breathe, but there it is, the main 
ingredient of what is called photochemical smog. This is the dry smog of a hot summer 
day in a city that cooks up a thick brown haze in the middle of the afternoon.

It smells bad, for one thing, and it burns your eyes and makes breathing hard, especially 
for people with asthma and other conditions, and causes chest pains, nausea, coughing, 
and even heart trouble. It damages crops and forests.

This smog ozone forms when other gases that come out of the back ends of automo-
biles react with sunlight.
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the gases that contain chlorine and fluorine had been important products called 
CFCs (for chlorine, fluorine, and carbon) that had a wide range of uses.

 » They were used in refrigerators and air conditioners.

 » They were used in manufacturing blown plastic foam that was used in 
containers at fast-food joints.

 » They were used in the cleaning of electronics parts and as industrial solvents.

 » They were the favorite gases used to build up the pressure that blew stuff out 
of spray cans.

 » They were used as the main ingredients in fire extinguishers.

In the 1970s, however, scientists discovered what CFCs were up to long after they 
had served their intended purposes. Years later, CFCs were mixing in the atmos-
phere and eventually wandering up into the stratosphere and eating away at the 
ozone layer. But their warnings about the loss of ozone and what it meant to 
human health were not taken very seriously for several years.

NOBEL PRIZE SCIENCE
The ozone hole story is pretty remarkable when you think about it. Imagine trying to get 
a handle on complicated chemical processes taking place among invisible gases in 
super-cold temperatures on the surface of icy cloud crystals 10 miles in the sky. Even 
before the ozone hole began appearing in the 1980s, scientists had figured out that 
something was going wrong up there.

Their science was so good that by the time the hole was discovered over the South Pole, 
people knew what the problem was, and what to do about it. The threat was so real, 
and the idea of losing the ultraviolet shield was so alarming, that people around the 
world who couldn’t agree on much of anything agreed about the ozone hole.

The 1995 Nobel Prize in Chemistry was awarded to three scientists whose pioneering 
work in the 1970s led the way. They are Sherwood Rowland and Mario Molina, who did 
their work at the University of California at Irvine, and the Dutch scientist, the late Paul 
Crutzen of the Max Planck Institute for Chemistry in Germany.

Awarding the prize, the Royal Swedish Academy said their work helped avoid a 
catastrophe.
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In the 1980s, scientists discovered the ozone hole over Antarctica. A lot of people 
thought it was funny and made jokes about the ozone hole. Every year, the prob-
lem grew worse. The hole in the sky grew bigger. And then scientists detected 
something that made the ozone hole jokes about as funny as a case of skin cancer.

In the 1990s, satellite instruments and measurements from high-flying airplanes 
found the problem had spread to the stratosphere over the heavily populated mid-
dle latitudes, where you and I live, and over the Arctic. They found more ozone-
destroying chemicals up there and signs that the ozone layer was becoming 
thinner.

All these discoveries led to a series of international agreements, beginning in 
Montreal, Canada, in 1987, calling for reductions in the production, and finally the 
elimination, of CFCs. More ozone-friendly substitutes have been found for the 
jobs done by CFCs.

On the mend?
So, if CFCs are no longer being pumped into the sky, is the hole in the ultraviolet 
shield repaired? Shouldn’t you and I be hearing the good news any minute now 
that the ozone hole is closed? Isn’t the threat of more cases of skin cancer and 
other serious health problems from unfiltered UV-B radiation a thing of the past?

It sure seems reasonable to think so, but air pollution turns out to be a tricky and 
risky business. Even when everybody responds to the best science around, things 
that go wrong in the atmosphere can stay wrong for a long time. Sometimes it’s 
called “the weather machine,” but any forecaster can tell you that the atmosphere 
doesn’t really act anything like a machine. There are no switches to pull or but-
tons to push up there. The answers to all these questions is no.

While scientists can detect the decline of new CFCs entering the lower atmos-
phere, the CFCs that already have been released into the air can float around in the 
upper atmosphere anywhere from 50 years to hundreds of years. Leading scien-
tists studying the problem for the World Meteorological Organization estimate 
that the ozone-thinning process will “gradually disappear by about the middle of 
the 21st century” as natural processes slowly remove the CFCs.

So it looks like the ozone hole and the thinning process is going to be around for 
a long time, maybe even longer than 50 years. The latest news from the North Pole 
is not very encouraging for the regions of the world where most people live — the 
middle latitudes of the Northern Hemisphere.
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A large new international study reports that the atmosphere over the Arctic is get-
ting more and more like the high sky over Antarctica. This is not good news. The 
especially cold temperatures over the South Pole — 120 degrees Fahrenheit below 
zero (–84 degrees Celsius) — that make conditions right for an ozone hole now 
are showing up more often over the North Pole. They are finding more polar 
stratospheric clouds, where ozone destruction takes place, over the Arctic than 
they expected.

Some of this waxing and waning of ozone is part of the natural variations in 
weather, scientists say, but part of the problem may be global warming. While the 
greenhouse effect raises temperatures in the lower part of the atmosphere, it 
actually makes things colder in the stratosphere.

The Big Warm
Climate changes all the time. This is a simple but big idea that takes some getting 
used to for some people — like me — who grew up thinking that the world’s 
long-term weather patterns are permanent parts of life. Sure, the world had gone 
through its ice ages, its big chills, but that was during its early years. It had gotten 
all of that out of its system, like growing pains. You know, in the back of my mind 
I must have thought that the planet had just been figuring out how to make its 
atmosphere perfect for the likes of you and me.

Maybe I wasn’t paying such good attention. Anyway, research into the deep past 
has made the changeable nature of the climate pretty clear. By looking through 
the layers of ice in cores drilled in ancient glaciers and into the trunks of very old 
trees and other clever means, researchers have shown that climate has been 
changing all along. Not only does climate change, but sometimes it changes more 
quickly than you might think. Instead of centuries of gradual pattern shifts, big 
changes can come just in a matter of decades. And as far as you and I are con-
cerned, it just as easily changes for the worse as for the better.

And now along comes the big warm, as Chapter 13 describes, a picture of a future 
climate that doesn’t look anything like an atmosphere perfecting itself for the 
likes of you and me. It’s not just that temperatures become a little warmer. Storms 
can become bigger or more numerous, some scientists say, because more water 
vapor is in the atmosphere and more heat energy is moving around. The green-
house roof in the atmosphere is becoming thicker with heat-absorbing gases, and 
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temperatures around the world are on the rise. Like smog in your face and like the 
ozone hole overhead, global warming may be another wrinkle in the way air pol-
lution affects the world.

On the natural
Changes in climate are natural. Not all of them, of course. The ozone hole does not 
appear to be part of the natural ups and downs of climate. But researchers over the 
years have built up an impressive record of the very distant past that shows that, 
on the natural, the world’s climate has been both warmer and colder than it is 
today. One of the most difficult problems for climate scientists is deciding which 
shifts in today’s climate are natural and which ones are more likely the result of 
air pollution by human activities.

Some changes in the world’s average temperatures are caused by the way the solar 
system is put together. Over tens of thousands and hundreds of thousands of 
years, the Earth’s tilt changes and so does its orbit around the Sun. These are the 
kinds of things that cause ice ages to come and go.

Even quick and dramatic climate change can be natural. When a meteorite or a 
comet crashes to Earth, if it’s big enough the explosion can throw a huge amount 
of stuff high up into the sky. This dark layer can hang around for years, blocking 
out a lot of sunlight and changing patterns of weather.

A comet or meteorite crashed to Earth 65 million years ago and led to the disap-
pearance of the dinosaurs, but what exactly killed them? Probably it was the dras-
tic change in the climate. They may have starved as the dark cloud shrank their 
food supplies and frozen in the long years of bad winters that followed the great 
explosion.

Eruptions of very large volcanoes have the same effect. As Figures 14-2 and 14-3 
illustrate, for example, the eruption in 1991 of Mt. Pinatubo in the Philippines 
caused temperatures to fall around the world. The explosions send up great 
clouds carrying millions of tons of stuff that act like a big sunshade in the sky for 
several months. Some meteorologists think the eruption was partly responsible 
for the heavy snow in the eastern United States in the winters of 1992-93 and 
1993-94.
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FIGURE 14-3: 
Average 

temperatures 
dipped after Mt. 

Pinatubo 
erupted.

FIGURE 14-2: 
Mt. Pinatubo 
erupts in the 

Philippines. 
Courtesy of the United States Geological Survey. Photo by J.N. Marso.
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Other natural climate changes lasting several months to a few years come from 
the shifts in tropical Pacific Ocean water temperatures known as El Niño and La 
Niña, which Chapter 12 describes. Another pattern in the North Pacific shifts tem-
peratures back and forth every few decades or so. These things affect tempera-
tures, the shape and speed of jet streams, the amount of storminess, and the 
number of hurricanes from one year to the next. Climate scientists are not sure 
what causes these ocean patterns, but they can tell that they’re natural, that 
they’ve been around a long time.

On the unnatural
In a way, global warming is a case of too much of a good thing. Just as climate 
shifts are natural, so is the “greenhouse effect” that people are talking about 
when they describe global warming. If it were not for the greenhouse effect — the 
fact that gases in the atmosphere trap heat radiating up from the surface — Earth 
would be too cold for living things. Water vapor and carbon dioxide are the main 
greenhouse gases that occur naturally in the atmosphere.

Here’s what scientists mean by global warming: It’s the heating up of the atmos-
phere on top of the natural greenhouse effect, which is caused by the gases that 
humans have added to the atmosphere since the Industrial Revolution a couple 
hundred years ago. It’s the unnatural rise — and unnaturally rapid rise — in tem-
peratures caused by the fact that you and I have changed the chemical makeup of 
the atmosphere.

Not much about this global warming business is simple, except maybe its cause: 
More than anything, it’s the gases that are byproducts of the burning of what 
scientists call fossil fuels — coal and oil and natural gas that come from the decay 
of old plants and animals. They are carbon dioxide, nitrous oxide, and methane. 
All these are naturally occurring ingredients of the atmosphere, but human activi-
ties have raised their proportion and changed the mix.

Figure  14-4 shows you the increase in carbon dioxide in the atmosphere since 
before the Industrial Revolution. Concentrations of this gas has been measured 
directly since 1950. Earlier readings come from measurements of air bubbles 
trapped in ice cores drilled in ancient glaciers in Greenland and Antarctica. Notice 
the recent rapid rise in the concentration of this greenhouse gas that is caused by 
humans burning fossil fuels as well as other practices such as burning forests to 
clear land for farming.
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FIGURE 14-4: 
The trend in 

carbon dioxide in 
the atmosphere 

since 1750.
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IN THIS PART . . .

Get a front-row seat to the light show going on up in the 
sky: haloes, sun dogs, sun pillars, coronas, auroras, 
rainbows, and glories.

Learn about the early thinkers who helped form our 
modern understanding of weather: Galileo, Torricelli, 
Cardinal de Cusa, and FitzRoy, as well as early American 
weathermen George Washington, Thomas Jefferson, and 
Benjamin Franklin.

Peek inside the weather forecasting toolbox at the 
important tools of the trade that measure temperature, 
moisture, and motion in the air.

Test some of the basic ideas about how weather works 
at home with some fun weather experiments.
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Chapter 15
Up in the Sky! Look!

Have you ever noticed the side of the sky opposite the sunset? Next time 
everybody is oooing and ahhing over the blazing oranges and yellows and 
reds of the setting Sun, make a couple of sharp turns and check out the 

night side of the sky. Sometimes there is a blush of pink rose on its face. At first 
you might think it is reflected from the sunset, but there is no orange or yellow or 
red in this color. The color is violet, and behind it is a deep, dusky, purply blue. 
The sky on such an evening is like a great tub of colors that have become separated 
from one another through the day. All the yellows and reds are at one side, and all 
the blues and violets are at the other.

One of the sad things about pollution of the air over cities — aside from the fact 
that the people who live in them have to breathe the stuff — is how much fun it 
takes out of the sky. Take off from a busy airport and in a few minutes it hits you 
what you’ve been missing: Oh, yeah, this is a clear blue sky.

Up above the layer of stuff that so often hangs over a city, there’s quite a show 
going on. This chapter is about all the things going on up there that you might be 
missing. Not the rain or the wind in your face, but the sky’s beauties. It’s about 
haloes and sun dogs and sun pillars and coronas and auroras and rainbows and 
glories. It’s about all the colors of clouds and sky.

The colors are the work of Earth’s atmosphere playing with light from the Sun. 
You may have noticed at night, without the special effects of atmosphere on sun-
light, that it’s a pretty black-and-white universe out there.

IN THIS CHAPTER

 » Bending with the light

 » Taking apart the spectrum

 » Chasing the rainbow

 » Wearing the halo

 » Coloring the clouds
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From dawn to dark, the sky is a light show brought to you by the atmosphere. 
Here’s one for you: What if the air molecules didn’t scatter the blue wavelengths? 
What color would the sky be if there was no scattering going on? The sky would be 
pitch black, and stars would be visible all day long.

Seeing the Light
The light of day is a mixture of different waves of energy radiating from the Sun. 
Each wave has a different length, as the next section describes, and each length is 
seen as a different color. When all the different waves strike about equally on the 
rods and cones in the back of your eye, you see white light.

The colors you see are the handiwork of gas molecules and other stuff in the air 
like water droplets and ice crystals in clouds, raindrops, and tiny bits of dust and 
material like ash and droplets of acid and other chemical compounds. Especially if 
you live in a city, you know this already: There’s a lot of stuff up there.

The different stuff does different things to light. More than one of these effects 
may be at work at the same time. Here are the four main things going on:

 » The sky is always scattering light waves. The tiny gas molecules are scattering 
short waves, making the sky blue. The clouds are scattering all wavelengths, 
which is what makes them white. Sunsets are red, orange, and yellow because 
these colors are scattered near the ground as the sunlight passes through the 
atmosphere at a sharp angle.

 » A lot of bending, called refraction, is going on. Refraction is what makes a big 
part of rainbows. In fact, unless they are coming at you directly overhead, all 
light waves are bent by the atmosphere.

 » Light waves are bounced back, or reflected, by ice crystals and raindrops. 
Special effects like haloes and sun dogs, among others, are the result of both 
refraction and reflection.

 » Another kind of bending of light waves occurs when they pass around the 
edge of cloud droplets and raindrops. This diffraction causes the waves to 
bump into one another and, along with reflection, is what makes bright 
coronas around the Sun and moon.

Many special effects in the sky involve more than one of these processes. A rain-
bow, for example, is the result of light being bent one way by passing through 
raindrops, bent another way by passing around them, and also reflected off the 
backsides of raindrops. The colors of sunsets and sunrises also result from both 
the scattering and the bending of light waves.
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It’s a busy sky. All kinds of colorful things are going on, especially when clouds of 
different types are coming and going. Find yourself a good spot with a big view 
and check it out!

In Living Color
If somebody asked you what color the sunlight is, probably you would say it is 
white. I know I would. But the color white that you think of as sunlight really is an 
interesting and entertaining combination of all the colors that the sky has to offer. 
These are the colors of the spectrum, or arrangement, that you recognize most 
often as the colors of the rainbow. These colors are red, orange, yellow, green, 
blue, indigo, and violet.

While the combination of them appears as white coming from the Sun, each of 
these colors travels as a light wave of a different length. Red is the longest visible 
wavelength, followed in order of length by orange, yellow, green, blue, indigo, and 
violet. That is the spectrum — the order that you see them in when a rainbow 
brightens the sky. If you see a double rainbow, look closely and you will notice that 
the color sequence of the second rainbow is reversed! (There are infrared wave-
lengths that are too long to see, and ultraviolet wavelengths that are too short.)

The scattering and the bending of the sunlight and the other processes that sepa-
rate the wavelengths into the various colors are happening all the time. The bright 
white light of the Sun over your head at high noon on a summer day is at that very 
moment somebody else’s red and orange sunset. It’s a matter of angle or slant. 
It’s also a matter of the stuff in the sky between the Sun and the color-seeing rods 
and cones in the backs of your eyeballs. But always it’s the same order: red, 
orange, yellow, green, blue, indigo, and violet.

Why the Sky Is Blue
Be ready for this one. Why is the sky blue? It’s on the tip of every little tongue that 
ever wagged, just waiting to make you feel like a nincompoop. You think children 
don’t expect you to know the answer to this question? If you’re wrong, you think 
they won’t remember?

The sky is blue because when light from the Sun comes down to Earth, it bounces 
off the tiniest parts of the air, and when this happens, the tiny parts of the light 
that make the color blue scatter out everywhere.
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Because they are so small, the molecules of the gases oxygen and nitrogen, which 
make up most of the air, selectively scatter only the shortest wavelength rays of 
sunlight and allow the longer wavelength rays to pass on through. When you look 
up on a clear day, you are seeing those short wavelength blues that the air mole-
cules are scattering in all directions.

Even on a day when the sky does not appear to be especially clear or blue — when 
it is clouded, for example, or not particularly clean — there’s still a whole lot of 
scattering going on.

Reflecting on Clouds
You don’t have to be a weather expert to pick up a thing or two about clouds. 
Without even thinking about it, everybody pretty much knows from experience 
when a cloud is just a big, billowy beauty to behold, when it begins to look like 
rain, and when it scares the daylights out of you. The shapes are important clues 
to what clouds are up to, of course, but what everybody really notices are the 
changing colors. In some areas where severe thunderstorms are part of everyday 
life, you can watch a cloud change in a matter of minutes from white to gray to 
black.

The tops of clouds are white because of their billions and billions of water drop-
lets. Although they are tiny in comparison to raindrops, the droplets are large 
enough to scatter all wavelengths of sunlight. None of the color waves are being 
separated from the others. There is a whole lot of scattering going on. A large 
cloud will have a variety of shades of white and gray. It may have a bright white, 
cauliflower top, silvery gray sides, and a dark gray underbelly. The chances are 
small that a ray of sunlight entering a cloud will pass all the way through it  
without bouncing off the surface of a water droplet.

As a cloud grows deeper, its bottom turns darker, and before long it begins to get 
everybody’s attention. Two things can be happening. It has become so tall, there 
is so much scattering, that little sunlight is reaching the base of the cloud. At the 
same time, the water droplets inside the cloud can be growing larger near the bot-
tom, and instead of reflecting sunlight off their surfaces, they are absorbing the 
light. The deeper the cloud, and the bigger its droplets, the darker its base. Less 
and less of the Sun’s light is making it through.
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Silver Linings
Sometimes light rays are bent when they travel around the edge of an object such 
as a water droplet while passing through a cloud. Depending on the size of the 
droplets and the gaps between them, this bending can cause the waves to interfere 
with one another, a process called diffraction.

When the Sun is shining from behind a dark cloud, this kind of light wave inter-
ference sometimes causes silver lining around clouds — the especially bright out-
lines of light you see around the edges of growing cumulus, for example. Silver 
linings are most often seen around clouds that contain especially large water 
droplets.

On rare occasions, this same slight bending of sunlight also can cause the under-
sides of middle-level altostratus or altocumulus clouds, which Chapter 6 describes, 
to shine with a splash of colors, an effect known as iridescence. This effect may be 
hard to spot because it usually occurs within 20 degrees of the Sun and is best 
observed with sunglasses.

Look for silver linings when clouds are growing in the east in the morning or the 
west in the afternoon — when the Sun is shining behind them. (See Figure 15-1.)

FIGURE 15-1: 
Silver lining 

around a growing 
cumulus cloud. 

National Center for Atmospheric Research/University Corporation for Atmospheric Research/National Science Foundation
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Blue Haze
Look for blue haze when you have a long-distance view over heavily forested 
mountain valleys and canyons.

There’s another blue in the air that has a different look than the clear blue sky. If 
you didn’t know better, you might blame air pollution for what is called blue haze 
in many parts of the country. It is not the work of the same oxygen and nitrogen 
molecules whose scattering effects make the sky blue, but it’s not pollution either.

The haze is caused by the buildup of natural organic particles in the air, and is 
most dense over heavily forested regions. The thinking is that hydrogen and car-
bon are boiled off in vapors from the natural processes of trees and other plants. 
In hot sunlight, they combine to form hydrocarbon compounds whose molecules 
scatter light. The haze appears blue because the hydrocarbon molecules are small 
enough to scatter the short wavelengths of blue.

Blue haze has been around a long time. It has given names to several regions of 
the United States. These include the Blue Mountains of Washington and Oregon, 
the Blue Ridge Mountains of Virginia, and the Great Smoky Mountains of Tennes-
see and North Carolina.

Sunbeams
Some cloudy afternoons when the air is full of haze or dust or tiny water droplets, 
the Sun will shine through a break in the clouds and put on a striking display. Rays 
of sunlight shine down from the sky in great spreading beams across the dark 
shadow of cloud. Sometimes it looks like a scene from a movie about the Bible. You 
expect lightning to flash and Moses to come down and part the Red Sea. The effect 
is especially striking when the rays shine through layers of haze.

In England, this event is known as Jacob’s ladder. It also goes by the name Buddha’s 
fingers or Ropes of Maui and Sun drawing water because sometimes it looks like the 
Sun is reaching down and drawing up water.

The same visual effect of rays radiating outward and upward from the Sun occa-
sionally is seen when the Sun sets below the horizon through a hazy or dusty sky. 
Weather scientists have a particularly unfortunate name for this dramatic sight 
that makes it sound like some kind of distasteful ailment. They call it crepuscular 
rays — crepuscular having to do with twilight. But maybe you already knew that.
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Look for sunbeams when the Sun is shining from behind a dark cloud, especially 
early or late on a hazy day.

Sunrise, Sunset
On a clear summer day, when the Sun is high in the sky, all wavelengths of its 
light are arriving at your eyes with about the same intensity. The sunshine is 
brightest and whitest about noon. The Sun had risen in the east in a red and 
golden glow, and all morning long as it climbed the sky, it faded from orange to 
yellow to the bright white of noon.

These changes in color are caused by the different amounts of atmosphere that the 
rays of sunlight must travel through at different times of day on their way to your 
eyes.

As its arc shifts lower in the sky through the afternoon, the rays of light strike 
through the atmosphere at a greater and greater angle. The process causes more 
and more of the light to both bend and scatter. The lower the Sun sinks toward the 
horizon, the more atmosphere its rays must travel through, and the more scatter-
ing of the short wavelengths of light by the air molecules. Finally, as the Sun nears 
the horizon, its rays travel through so much atmosphere on their way to your eye 
that all that is left is the long wavelengths — the yellows and oranges and reds of 
sunset.

Of course, one of the most striking sights of sunrise or sunset is the blazing colors 
it paints on the undersides of high clouds just before or just after the Sun rises 

AROUND THE BEND
Here’s a mind-bending thought: The atmosphere of Earth allows you to see around the 
horizon.

Because the atmosphere bends the light of the Sun, especially at the horizon, you see 
its image in the sky something like four minutes longer every day than you would if 
there was no air.

The atmosphere bends the path of light around the horizon from the rising or setting 
moon or Sun to your eyes. At the beginning of daylight and at the end, these images 
appear higher than they really are in the sky. So it appears to rise about two minutes 
earlier and sets about two minutes later.
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above or sets below the horizon. People who make it a habit of watching sunsets 
look not so much for clear skies as they do for evenings when high clouds are 
likely to put on an especially colorful show.

Smoke from wildfires or clouds of human-caused pollution can fill the atmos-
phere with particles that scatter light and makes colorful sunsets and sunrises. 
Once in a while, the smoke or pollution becomes so thick in the afternoon that the 
red Sun fades from the sky even before it reaches the horizon.

Large clouds of ash and other substances from the eruptions of volcanoes can 
spread sunlight-scattering material far and wide. Even after the ash settles out of 
the sky, volcanic sulfur compounds and other molecules of gases can linger in the 
atmosphere for a long time. For example, colorful sunsets and twilight skies were 
especially noticeable around the world for many months following the gigantic 
eruption of the Mount Pinatubo volcano in the Philippines in 1991.

The same scattering and bending effects that make a colorful sunset often linger 
in the sky for quite some time after the Sun has set in the evening or before it rises 
in the morning. This is the time of twilight. In the summer in the middle latitudes, 
twilight adds daylight to the morning before sunrise and to the evening after the 
Sun sets. In a world without atmosphere, there is no twilight. At sunset, the place 
becomes instantly dark.

FLATTENING THE SUN
The bending of light by the atmosphere has some interesting effects you can check out 
anytime you get a good look at the horizon when the Sun is rising or setting. Notice that 
the Sun has a squished look to it just as it peeks up at sunrise or just before it falls from 
view at sunset. What is perfectly round most of the day at that moment looks like a 
bright red or orange raggedy edged biscuit.

The key to this odd shape is the fact that light waves are bent more by the atmosphere 
the closer they are to the horizon. They strike the layers of air at a greater angle and they 
have more air to travel through on their way to your eyes. The Sun’s image is flattened 
because the bottom of the Sun is just a tad closer to the horizon than the top of the Sun.

Your view of the setting or rising Sun, as well as the setting or rising moon, can play 
tricks on you. The orb appears much larger than it does as the Sun or moon leaves the 
horizon. This is not the work of spreading light waves. This is your brain’s fault, some-
thing to do with how it processes light and perceived distance. Next time you witness 
this illusion, snap a smartphone photo of the Sun or moon. You won’t believe it!
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The Green Flash
The dust and air molecules and other stuff floating around in the atmosphere 
cause light waves not only to scatter, but also to bend, a process known as refrac-
tion. The waves bend differently according to their lengths — the long reds the 
least, the blues and violets the most. As the Sun approaches the horizon, passing 
through the most amount of the Earth’s atmosphere before disappearing, this 
bending has the effect of creating a vertical stack of wavelengths of the different 
colors.

Every once in a while, especially as the Sun is setting over the ocean, conditions 
are just right to see a green flash of light on top of the big red Sun just as it sinks 
into the sea. The colors of the spectrum of sunlight’s waves are disappearing one 
by one, although usually these features are lost in the scattering of the atmos-
phere. The short and easily scattered violets and blues are always lost to the eye, 
but that rare flash of green is a glimpse of color that only in the last second are not 
blocked out by the Sun’s brightness.

Look for the rare green flash when you can see the Sun set on the ocean.

Rainbows
Could there be a more wonderful sight in the sky than a rainbow? Well, I myself 
am not complaining, mind you, but I probably owe it to some angry people  
in muddy boots to make this one little observation: Rainbows would be just a  
tad more wonderful if at the end of these things there were in fact a pot of gold.  
(I had my people at the Go Figure Academy of Sciences check this out, by the way, 
so I can save you some time and a lot of trouble on that.)

When you are seeing a rainbow, you are looking at falling rain. (See Figure 15-2 
and also the rainbow in the color section earmarked “Special Effects.”) The Sun is 
at your back. Here’s a little abracadabra for you:

 » If you see a rainbow in the morning, you might begin looking for an umbrella.

 » If you see a rainbow in the afternoon, you’re in for a break of clear weather.

How do I know this? In the middle latitudes, weather travels from west to east. 
With the Sun at your back in the morning, you are facing the western sky, looking 
at weather that is heading your way. A rainbow in the afternoon means the west-
ern sky is clear.
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Two interesting things happen to the sunlight that has passed over your head 
when it reaches the drops of falling rain. The sunlight is bent, or refracted, and also 
it is bounced back, or reflected. The white sunlight enters the raindrop, reflects off 
the back side of the drop of water as if it were a mirror, and then goes back out the 
same side it entered.

But the different wavelengths in the light are bent when they enter the raindrop 
because the water they are entering is more dense than the air they are leaving. 
The shorter wavelengths of light that are the colors violet and blue and green are 
bent more than the longer wavelengths of light that are the colors red and orange 
and yellow. The same thing happens when the light waves head back out of the 
raindrop after reflecting off of its curved backside. The wavelengths bend again 
because the air they are entering is less dense than the water they are leaving. All 
of this bending causes the wavelengths of visible sunlight  — the different  
colors — to very clearly separate from one another.

What you are seeing in the rainbow is the different colors of sunlight spread out 
across the sky according to the lengths of their waves.

You are seeing only a single color from each drop of rain, because the reflected 
light waves enter your eyes from a different angle than the next. So it takes a 
bundle of raindrops falling to make a rainbow. And it is your very own personal 
rainbow, because even a person standing next to you is seeing the reflected light 
waves from different raindrops, at a slightly different angle.

FIGURE 15-2: 
Rainbows are 
simply falling 

rain. 
National Center for Atmospheric Research/University Corporation for Atmospheric Research/National Science Foundation
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The same bending and reflections of sunlight waves through falling water drops 
causes the colors of the rainbow you see occasionally in the spray of lawn  
sprinklers, fountains, and waterfalls.

Rainbows occur only when it is raining in one part of the sky and the Sun is shin-
ing in another, although it is possible to see the colors of the rainbow in the sky 
when it is not raining. This happens once in a while when the Sun is low in the  
sky, and ice crystals are in the air high overhead. The sunlight will reflect through 
the ice crystals and briefly you will see an arc of colors. Weather scientists give this 
effect an odd and extremely forgettable name. If you really want to know, they call 
it a circumzenithal arc.

Look for rainbows when rain is falling in one part of the sky and the Sun is shining 
at an angle at your back.

Once in a while, you will see a double rainbow in the sky. The first is bright and 
arced at the usual angle, and farther out a secondary rainbow will be visible. This 
rainbow is the result of sunlight reflecting twice off the backsides of raindrops and 
is definitely less bright than the primary rainbow. Notice something really 
interesting: Because it has reflected twice off the back of the raindrop, light that 
makes the secondary rainbow has its order of colors opposite a regular rainbow.

Haloes
A ring, or a halo, around the Sun or the moon is the most common of all special 
effects in the sky. Haloes are one of several effects caused by thin clouds of  
six-sided pencil-shaped ice crystals that reflect or bend the sunlight or moonlight 
that is shining through them.

The most common halo is a circle that is always the same size, covering 22 degrees 
of sky from the center of the moon or Sun to the rim of the ring. (Extend your arm 
and spread out your hand, and the distance from the tip of your thumb to your 
pinky covers roughly 22 degrees of sky.) The light strikes the crystals at a partic-
ular angle, some of it passing through the crystal and bending. You might notice 
a reddish glow on the inside and a bluish tint on the outside, although most haloes 
appear as mostly white light.

Once in a while a bigger halo, 46 degrees from center to edge, outlines the Sun or 
moon. This takes shape when the light shines through the end of the ice crystal 
and enters or leaves through one of the six sides.
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Haloes around the Sun or moon were popular “weather signs” in ancient times. 
People thought a storm was coming when they saw a halo. Sometimes it’s true 
that an advancing warm front will first appear as thin, high cirrus clouds of ice 
crystals that form haloes. Like all weather signs, however, haloes are not very 
reliable forecasts.

Look for a halo when high, cirrostratus clouds, which Chapter 6 describes, are in 
the sky.

Sun Dogs
A sun dog or mock sun is an odd sky critter that sometimes appears along the sides 
of a halo and sometimes shows up by itself. The sky can suddenly look like it con-
tains two or three suns. Taking a closer look, however, usually you will notice 
blurred coloring effects on the smaller outer mock suns.

Sun dogs are the result of sunlight passing through flat platelike ice crystals that 
are falling through the thin cirrus cloud. They are falling like tiny flying saucers, 
so that the light strikes the flat top of the plate and gets bent as it comes out 
through one of the six sides of the crystal.

A similar effect to a sun dog appears at the top or the bottom of a halo once in a 
while. This spot of brightness, known as a tangent arc, is caused by the pencil-
shaped ice crystals lining up and falling flat through the sky as if they were resting 
on the top of a desk. Haloes and sun dogs and similar special effects are most 
common in cold polar regions where the sky most often contains ice crystals.

Look for the rare sun dogs when the Sun is low in a sky that contains ice-crystal 
cirrus clouds.

Sun Pillars
When the Sun is low on the horizon, soon after rising or shortly before sunset, ice 
crystals in thin cirrus clouds can play another special trick. When they line up with 
their flat surfaces all facing upward as they fall, sunlight will bounce off the flat 
surfaces in reflection. This effect forms a bright pillar of light below or above 
the Sun.
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It’s not just their shape that makes sun pillars different from similar effects. Pillars 
are different from sun dogs and coronas in their color — or lack of color. Sun dogs 
and coronas and even haloes will show the colors of a rainbow because their light 
is being bent as it passes through the ice crystals. Sun pillars are the same color as 
the Sun, because the light is being reflected off the surface of the crystal, as if it 
were bouncing off a mirror.

Look for sun pillars at sunrise or sunset.

Coronas
A corona or crown can take shape around the Sun or the moon when its light 
passes through a cloud of tiny water droplets that are all about the same size. The 
light is bent slightly as it passes around the droplets and through the gaps between 
the droplets.

This is the kind of bending that weather scientists call diffraction. It causes the 
light waves to bump into one another. When this happens, sometimes the waves 
cancel each other out, making darkness, and sometimes they build on one another, 
making special brightness.

A corona can be bright white, or it can give the Sun or moon a crown of colors.  
A corona of colors around the Sun is sometimes called Bishop’s ring. Coronas 
around the Sun are often more dramatic and colorful than those around the moon, 
but the brightness of the sunlight makes them harder to see.

This effect tells you something about the weather. When the bright disk of a 
corona appears, you know you are looking through water droplets rather than ice 
crystals. This means you are most likely looking at the Sun or moon through mid-
dle level altostratus or altocumulus clouds, which Chapter 6 describes, rather than 
the high cirrus clouds of ice crystals that make haloes and sun dogs.

When the cloud cover is broken, a misshapen but colorful corona effect can form. 
This is known as cloud iridescence, and the patches of color can be striking shades 
of the spectrum.

Look for coronas most commonly in the winter over mountains.
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Glories
A glory is sort of a backward corona (see the preceding section). Instead of seeing 
the light shining through a cloud of water droplets, the Sun is behind you, and you 
are seeing rings of color spread out from your shadow on the cloud.

A glory results when sunlight is bent as it enters and exits the water droplets and 
reflects back toward your eyes off the back side of the droplet.

The recipe for a glory sounds a lot like making a rainbow. The Sun is at your back, 
and its light is bending and reflecting as it passes through water. The big differ-
ence is that a glory is formed by the effects of light on tiny water droplets in a 
cloud. A rainbow is formed by the effects of the light on falling raindrops, which 
are huge in comparison to cloud droplets.

A glory is a common sight to airplane travelers. The shadow cast by the airplane 
on clouds below often is inside a circle of brightness and a ring of colors. Before 
airplanes, the effect was less commonly seen by people on mountains as their 
shadows were cast against nearby clouds. This effect was common in the Brockton 
Mountains of Germany, and it became known as a brockton bow.

Look for glories out the window of an airplane, where the plane’s shadow is 
reflected on cloud tops.

Mirages
Seeing is not always believing. When air layers of dramatically different tempera-
tures come together, light waves can wander all over the place. These temperature 
differences make for sharply different densities, and light moving in and out of 
these different densities changes the directions of lines of sight that your brain 
expects to be straight.

Things can appear higher or lower than they really are. They can appear upside 
down. Lakes and mountains can appear out of nowhere. It is not your imagination. 
It’s not your mind bending, it’s your light bending. It’s the air playing tricks — 
mirages. Because they depend on extreme temperatures, mirages are most com-
mon in deserts and polar regions. Two kinds of mirages are common.

Look for mirages where you have long, distant views through especially hot or 
especially cold air.
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Inferior mirage
When temperatures are especially hot near the ground, air is rising so quickly that 
it turns normal air densities upside down. Instead of being most dense near the 
ground, the air is “thicker” a few feet off a hot road or stretch of desert sand. This 
causes normally straight rays of light to bend upward, entering the eye from 
below. This makes things appear lower than they really are, and in some cases, 
even upside down.

This trick of the air is known as an inferior mirage, because things look lower. Light 
from the blue sky is bent in a way that makes it look like a puddle in the distance 
on a hot road, or a lake on the surface of the hot desert sand.

Superior mirage
When air near the ground is very much colder than air just above it, light rays 
bend in the other direction and things can appear taller than they really are. Light 
is bending down, entering the eye from a higher angle. Your eyes and your brain 
have no way of knowing that the light is not coming perfectly straight, so in a 
superior mirage objects look higher than they are. Across the snow fields of the 
Great Plains, for example, these superior mirage conditions can make the Rocky 
Mountains appear taller than they are.

Twinkle, Twinkle Little Air
While most special visual effects are caused by bending and reflecting sunlight 
and moonlight, Earth’s atmosphere has other tricks up its sleeve.

One is the twinkling of a star. It’s not really the star that is causing the twinkling. 
It’s the air that is playing with that tiny beam of light from a nuclear fire millions 
and millions of miles away. It travels all that way in a fairly straight and true line 
until it hits Earth’s atmosphere, and then it gets bounced around as it passes 
through layers of air of different densities. So entering your eye it flickers or twin-
kles, an effect that scientists call scintillation.

Planets usually don’t seem to twinkle. This is because they are bigger objects, and 
their images are larger than the angles of flickering caused by the different layers 
of the air.

Another night sky trick affects both planets and stars and can be thought of as a 
superior mirage (see the preceding section). Things appear higher in the sky than 
they really are. Their light is bent downward toward you as it enters the 
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atmosphere, so unless they are directly overhead, they are not really as high in the 
sky as they appear. The farther toward the horizon, the greater the angle, the big-
ger the bend. More than this, I can’t tell you. That is Astronomy For Dummies 
(Wiley) by Stephen P. Maran, Ph.D.

Auroras
A curious and colorful glow of light high in the night sky is regularly visible only 
to people living in regions of the higher latitudes toward the poles. These lights 
are known as auroras, and their colors look more like something in a neon sign 
than a rainbow. Near the South Pole they are the southern lights, or the aurora 
australis, and near the North Pole they are the northern lights, the aurora borealis.

The Sun causes auroras, but their dancing light is not sunlight. It is the effect of 
an energy flow from the Sun known as the solar wind that meets the invisible 
lines of the magnetic field surrounding Earth’s atmosphere. The North and South 
poles are like the ends of a big bar magnet, which makes compasses point the way 
they do.

Streaming from our favorite star is a flow of atomic particles known as electrons 
and ions that have been stripped of atoms of gases in the nuclear fire of the Sun. 
As these particles approach Earth they follow the magnetic field lines toward the 
poles and collide with atoms of oxygen and nitrogen gas high in the atmosphere, 
anywhere from 50 to roughly 500 miles up.

That is the light of the aurora — the effect of the solar wind hitting the upper 
atmosphere. Collisions with oxygen produces yellows and greens and reds. Colli-
sions with atoms of nitrogen give off a blue tinge.

Look for auroras in the northern parts of the country on especially clear, moonless 
nights when you are away from the lights of a city. NASA says the best seasons for 
viewing auroras are spring and autumn. Winter and summer, not so much.
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Chapter 16
Tools of the Trade

The term meteorology, which we use to describe the modern planetary sci-
ences of weather and climate, was coined by the Greek philosopher Aristotle 
in the 4th century B.C. You might think that this classical pedigree would 

have put the science of weather in equal company with astronomy, the ancient 
science of the stars. But no, meteorology has always been a poor relative to its 
famous cousin. There was a Royal Astronomer at the courts of kings throughout 
the ages, but never was there a Royal Meteorologist.

What Aristotle meant by meteorologica, however, was different from its modern 
meaning. Oh, he was talking about the weather, to be sure, but he was also refer-
ring to anything that came from the sky, including meteorites. (Hey, here was a 
guy who had reason to believe that Earth was the center of the universe!) And 
when it came to talking about the weather, it is fair to say that the great classical 
thinker was a lot better at thinking about other things. He did not, for example, 
agree with the idea expressed by some of his contemporaries that the wind was 
simply a manifestation of air moving from one place to another. To Aristotle, wind 
was an “exhalation” of the Earth, something that emanated from caverns and 
crevices and what-not — a kind of planetary flatulence. Go figure. Suffice to say, 
as earth sciences go, meteorology got off to a slow start.

For many centuries throughout the medieval period, a whole science grew up 
around the idea that the weather of Earth was influenced by the orbits of other 
planets in the same way that Earth’s ocean tides are affected by the orbit of the 
moon. You might have guessed: This was an astronomer’s way of explaining a 
central mystery about weather. If all the features of weather are the result of 
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precisely predictable astronomical circumstances, such as Earth’s orbit and tilt, 
where does all the year-to-year variation come from? Why is one winter different 
from another? Led by Arabic thinkers, astrometeorology gave rise to annual “prog-
nostications” of what kind of kind of weather to expect. (The tradition lives on. 
Meteorologists still refer to forecast maps as “prog charts” or “prog maps.”) With 
the advent of the printing press in the 15th century, these almanacs were among 
the first and most popular publications.

For all this activity, the unfortunate fact remained that mariners continually 
encountered deadly storms crossing the world’s oceans without anyone having a 
clue what was going on out there. (This must be what is meant by being “at sea” 
on a subject. It’s a wonder that anything got done.) Warships, pirates, cargo ves-
sels like those of the Italian Christopher Columbus, all were sitting ducks to the 
ravages of the sea. Their crews would typically ride the tradewinds across the 
Atlantic in late summer, do their business, and then wait out the weather of winter 
celebrating their exploits in the balmy climes of the Caribbean. Then they would 
set sail for home, following the flow of the Gulf Stream current right into the maw 
of the Atlantic Ocean hurricane season. After surviving his first hurricane, Colum-
bus wrote to Queen Isabella that nothing “but the grace of God and the expansion 
of the monarchy” could induce him to go through such danger again.

Brilliant thinkers and tinkerers developed ideas and instruments that would even-
tually become vital to the advancement of the study of storms, but enormous 
obstacles stood in the way of real progress in the science. Let’s face it: The weather 
of Earth is a messy, complicated business. Weather science developed later than 
other earth sciences because understanding the motions of the atmosphere is very 
difficult. All these gases and liquids of different temperatures and weights and 
properties are moving around a rotating and tilted sphere, forming seemingly 
random commotions and flows that move laterally across the landscape at the 
same time they are moving vertically through the sky. What in the world was a 
person to make of such a thing? Special tools and special scientific thinking would 
have to come along. These motions and commotions seemed beyond understand-
ing, and the idea that one day science would be able to accurately predict the 
future of these events was beyond the imaginings of thinking people. Two thou-
sand years after Aristotle and still they were struggling with it. You may not have 
thought about this, but the truth is, our daily weather forecast is a modern marvel!

Galileo and the Boys
A lot of people have expressed a lot of opinions about the weather for ages and 
ages. It seems fair enough. Because everybody has to put up with the weather, 
everybody can have their say. For the longest time, listening to stories and 
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opinions was about all there was to studying weather. A lot of interesting “weather 
lore” and proverbs have been passed down — good stuff and silly stuff alike — 
but they are not what science is about.

In science, to be able to say something is a fact, you have to be able to prove it in 
an experiment. And other people have to be able to copy your experiment and 
come up with the same result. No experiment, no agreement, no fact. So every-
body needs to be using the same kinds of tools and measuring things the same 
way. But until the 1600s, there were no tools or instruments to measure weather’s 
basic qualities: the air’s temperature, its pressure, and its humidity, or the amount 
of moisture in it.

Galileo’s thermometer
Credit for inventing the thermometer goes to the great Italian mathematician and 
philosopher Galileo Galilei. (This is the fellow who got into a lot of famous trouble 
with the Catholic Church for insisting that the Sun does not revolve around the 
Earth — that it’s the other way around.)

In 1593, Galileo kept in his library a glass bulb about the size of a chicken egg with 
a clear thin tube sticking out of it so that he and his friends could watch the liquid 
inside the tube rise and fall as the temperature changed. The volume of the liquid 
expands when it warms up, he figured, and shrinks back when it cools.

Galileo had a lot of things going on — inventing the telescope, checking out sun-
spots, his teaching jobs, and the trial by the Inquisition. Meanwhile, other scien-
tists picked up and ran with the thermometer idea. It took them a number of years 
to perfect the instrument. (Although not as long as it took the Catholic Church to 
admit that it was wrong about Galileo. The official apology came from Pope John 
Paul II in 1992.)

Torricelli’s barometer
One of Galileo’s students, Evangelista Torricelli, invented the barometer. He took 
a tube about 4 feet long, filled it with mercury, plugged one end to make a vac-
uum, and sank the open end in a pool of the liquid metal. He noticed that the 
mercury ran down the tube, but only so far, and then it abruptly stopped, always 
at the same spot on the tube.
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Torricelli noticed that the level would rise and fall a little over time. He figured 
that the mercury in the tube was being held there by the air pressure — the weight 
of the air pressing down on the pool of mercury at the bottom of the tube. The 
small changes in the height of the mercury meant that the air pressure was rising 
and falling.

A French fellow, Blaise Pascal, figured out that weather changes could be causing 
the mercury in Torricelli’s barometer to go up and down.

Cardinal de Cusa’s hygrometer
People have always known that the air sometimes feels especially wet and some-
times feels especially dry, even if they didn’t always know what to make of it. The 
first person to devise a way to measure the moisture in the air was a German fel-
low clear back in the 1400s, Cardinal Nicholas de Cusa.

Hang a big bunch of wool from one end of a rod, he said, and balance it with rocks 
at the other. The wool will absorb moisture from the air, and that end of the rod 
will go up or down depending on how wet or dry it is. It took a long time and many 
people to make an instrument that would accurately measure the humidity in the 
air, but de Cusa had the idea.

The most accurate hygrometers today work very much on the same principle, 
except that they use human hair instead of wool.

Robert FitzRoy’s predictions
I ask you: Has there ever been a shortage of people willing to foretell the future, 
especially if the price was right? Has there ever been a shortage of people willing 
to believe them? Prediction businesses of one kind and another — almanackers,  
soothsayers, seers, astrologers, fortune-tellers of all stripes — were flourishing  
in Victorian London and elsewhere in the middle of the 19th century when the 
young science of weather took a radical turn.

In 1854, Vice-Admiral Robert FitzRoy, the man who in 1831 had captained the 
British naval vessel HMS Beagle that carried Charles Darwin on his famous voyage 
around South America and the Galapagos Islands, launched a determined effort to 
help save the lives of hundreds of seamen who were lost every year in  
weather-related shipwrecks around the world. FitzRoy set out to establish a gov-
ernment service that would detect the formation of dangerous weather developing 
at sea and warn British ships in advance. He prudently avoided the word  
prediction — calling the warnings forecasts.
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This ambitious undertaking suffered the fate of a lot of grand new ideas. It scan-
dalized the established order of things. From their beginning, FitzRoy’s efforts — 
often errant — were targets of mockery and ridicule by people who were making 
their livings foretelling the future and by the newspapers that regularly published 
them. The scientific establishment at the Royal Society was aghast. Established 
scientists at the time were working hard to distinguish their studies, and their 
reputations, from the flamboyant hocus-pocus of popular culture in the  
19th century. Along comes Robert FitzRoy and his idea of the British Board of 
Trade sponsoring predictions of future weather! Even scientists who studied the 
weather were distrustful of the idea. The controversy ended tragically when Fitz-
Roy took his own life. But his idea of a weather forecast lived on, as did the thought 
that governments should be involved in the safeguard of their mariners. Thanks 
to Robert FitzRoy, forecasting was born as a public service, if not a science.

Early American Weathermen
In the 17th century, a hundred years before the United States was born as a nation, 
the European colonists were getting up close and personal with the weather. The 
English especially were very surprised — and disappointed — to learn that the 
winters in the New World were much more severe than the same seasons in 
Europe. The thinking at the time was that regions at the same latitude, or distance 
from the Equator, all had the same climate.

They didn’t expect to encounter the cold that killed all but 32 of the original  
105 colonists at Jamestown, Virginia, that first winter in 1607, and all but 50 of  
the original 102 pilgrims at Plymouth, Massachusetts, in 1620. And the pilgrims 
hadn’t counted on hurricanes wrecking their supply ships.

WEATHER MAPS
In fits and starts, governments in the 19th century pushed forward with their weather 
services, relying on citizen volunteers and soldiers — and the newly invented electro-
magnetic telegraph — to overcome the difficult logistics of identifying weather systems 
that spread themselves over entire continents and beyond. In the 1850s in Washington, 
D.C., at the Smithsonian Institution, a large map was mounted on a wall that displayed 
the weather data from across the country. For the first time, visitors were able to grasp 
in a single moment weather conditions across the continent. This information was sup-
plied by scores of “Smithsonian observers” who gathered meticulous records of mea-
surements kept by instruments housed in special cabinets. The readings were recorded 
at a specific hour and taken to the nearest post office where they were telegraphed to 
the Smithsonian.
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Christopher Columbus was lucky he did not encounter a hurricane on his first 
round-trip in 1492. After all, a journey reaching land on October 12 would have 
crossed the Atlantic during the heart of the hurricane season. On later voyages, he 
did encounter hurricanes and was lucky again to survive. Some others who fol-
lowed him were not so lucky.

The first careful, routine weather observations in North America were made in 
1644 by a Lutheran minister, the Reverend John Campanius Holm, near what is 
now Wilmington, Delaware. Many early weather observers were ministers, and 
the theme of many sermons was how the latest storm was an act of God.

Personal weather watching was worthwhile and interesting business in the old 
days, and it still is. Some of the people who were busy putting the United States 
together as an independent nation took the time to watch and study what was 
going on in the sky over their heads.

George did it
George Washington kept a daily weather diary until December 13, 1799. His nota-
tions about the snow and the wind and the cold apparently were the last things he 
wrote. In fact, weather may have contributed to his death. He fell ill with a throat 
infection suddenly after riding around his farms in the cold weather he wrote 
about and died the next day.

Washington learned the importance of weather early in his career. In 1753, during 
his first military mission at the age of 21, the winter weather was so bad that it 
almost brought an early end to his military service — and his life.

More than once, General Washington used his skills as a weather forecaster to 
great advantage in his battles against the British during the Revolutionary War. 
On January 2, 1777, Washington found his troops trapped. On one side was mud, 
on another an icy river, and on another, the British. But a northwest wind was 
blowing, and Washington knew the mud would freeze. At midnight, his troops 
were able to retreat across the mud to safety. Again in the winter of 1778, Wash-
ington led a successful surprise nighttime attack against General Cornwallis’s 
troops over muddy ground that had frozen in the chill of a northwest wind.

Tom did it
Thomas Jefferson took a break from writing the Declaration of Independence to  
go buy his first thermometer, and soon afterward he got himself a barometer.  
Jefferson collected weather information everywhere in the country he could  
find it. He exchanged letters with people far and wide about the weather in their 
regions. He kept a record of the weather around him every day for 50 years.
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It was Jefferson who first realized the value of taking weather observations at dif-
ferent locations at the same time every day. He exchanged letters with a fellow in 
Williamsburg, Virginia, and compared their 4 p.m. temperature, air pressure, and 
wind measurements over six weeks in 1778. What he discovered surprised him: 
The climate was cooler in his mountain home in Monticello than the Virginia low-
lands of Williamsburg.

Jefferson was considered an expert on American weather and climate. He always 
argued that what the country needed was a network of weather observers. When 
he was president, the Lewis and Clark Expedition headed out on its long explora-
tion of the Pacific Northwest, and Jefferson made sure that they took along accu-
rate weather instruments.

Ben did it all
Benjamin Franklin, among other things, was a pioneer in important weather sci-
ence. In his library, he had five thermometers and a barometer. His most famous 
weather experiment — flying a kite in a thunderstorm to confirm that lightning 
was an electrical charge — was valuable but extremely risky business.

Don’t try that at home. Franklin was lucky he had an insulator between himself 
and the kite string, but still it could have been fatal. Several people who copied 
Franklin’s kite experiment were killed by lightning. Franklin’s weather research 
led to his invention of the lightning rod, which Chapter 9 describes.

Franklin also was the first person to realize that the winds that make storms 
travel from one place to another are not the same winds that the storm blows in 
your face. Chapter 8 details his thinking about the storm that clouded over his 
plans to view an eclipse of the moon. Exchanging letters with his brother in Bos-
ton, Franklin figured out that although the storm was blowing winds from the 
northeast, other winds were carrying the storm itself to the northeast.

This idea takes a little getting used to. Feeling the northeast wind off a powerful 
winter nor’easter, for example, you might feel sure that the storm is coming at 
you from out of the northeast. But the fact is, as Franklin observed, nor’easters 
come up the East Coast from the south.

He was first to suggest that the eruptions of volcanoes affected the weather by 
cooling the atmosphere. He told scientists in England that he thought the unusu-
ally cool summer in Paris in 1783 was the result of an erupting volcano.
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And Franklin was first to study the Gulf Stream, the warm ocean current in the 
North Atlantic that Chapter 5 describes, which is especially important to weather 
in the eastern United States and in Europe. Modern weather scientists are still 
studying the Gulf Stream, warning now that the Greenland ice sheet, melting 
more rapidly than expected, could potentially alter the climate of Britain, Europe, 
and beyond.

The Weather Forecasting Toolbox
For all the complexities in forecasting its behavior, just a few key properties of the 
atmosphere are pretty much responsible for the weather it produces and relate to 
the amount of energy up there. One is the temperature of the air, which gives a 
good idea of the amount of energy in it. Another is its moisture content, or humid-
ity, which gives a good idea of how much rain or snow it could produce. And the 
third most important property is the air pressure it exerts. This controls its hori-
zontal motion — what you call wind — and influences its vertical movement up 
and down through the atmosphere. (Chapter 5 discusses the details of air pressure 
and winds.)

Among the important tools of the trade for modern weather forecasting are the 
instruments that measure these key properties of temperature, moisture, and 
motion. More and more, these traditional instruments are being replaced by high-
quality electronic sensors that measure these atmospheric features by more 
sophisticated means.

Another set of tools you might think of are instrument carriers that transport the 
measuring devices into various realms of the atmosphere. As tools of modern 
weather forecasting, computers are in a category by themselves.

LUKE HOWARD’S CLOUDS
In 1802, a few years after Franklin’s experiments, an inspired thinker across the Atlantic 
presented to a small group of science-minded colleagues a paper that would materially 
advance the young science of weather. Luke Howard’s “Essay on the Modification of 
Clouds” brought shape and understanding to the amorphous conglomerations in the 
sky. The Latin names he gave them — cirrus, cumulus, stratus, nimbus — became the 
standard of meteorologists around the world. Chapter 6 tells you all about it.
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The instruments
Thermometers measure air temperature. They do this by registering the air’s heat 
content. In traditional thermometers, the heat causes their liquids to expand and 
contract, traveling up and down their tubes as temperatures rise and fall. These 
days, electronic thermometers and other instruments are widely used. Official 
thermometers measure air 4 to 6 feet from the ground in a shelter that is built and 
maintained to rigid specifications.

Hygrometers or hydrometers are instruments that measure humidity, the amount of 
water vapor in the air. The moisture content of the air not only affects the com-
fort, or discomfort, you feel at different temperatures, it is an indicator of the 
chances of clouds, fog, or precipitation.

Barometers measure air pressure by weighing the amount of air over a particular 
spot. The importance of the barometer is not that its air pressure measurements 
are particularly noticeable like temperature or humidity. A barometer is an impor-
tant weather predictor. If the atmosphere were a landscape, high pressure would 
be a mountain or ridge, and low pressure would be a valley or trough. High pres-
sure moves toward low pressure as if it were water flowing down a mountain. Like 
water in a basin, the flow of air circles counterclockwise around low pressure and 
clockwise around high pressure in the Northern Hemisphere. Like water, these 
motions of air are opposite in the Southern Hemisphere. More important than the 
actual barometric measurement is the trend: Falling pressure often means that 
storminess is coming, and rising pressure usually points to improving weather.

Wind direction is indicated by a weathervane, one of the oldest weather instru-
ments. An arrow or some other figure swivels on a rod in line with the wind. Wind 
speed is measured by an anemometer, a spinning wheel of cup-shaped blades, 
which capture the strength of the air’s motion. Standard wind measurements are 
made at a height of 33 feet. At small airports, windsocks are tube-shaped flags that 
give pilots quick visual evidence of the direction and strength of wind. These 
old-fashioned instruments, like other devices, are giving way to ultrasonic 
anemometers.

Rainfall and snowfall are tricky to measure, because winds can cause precipitation 
to be deposited unevenly, pooling or stacking up a little more here, a little less 
there. Rain gauges are straight-sided tubes or buckets that weather observers place 
in relatively open spaces near the ground. New electronic versions are haptic sen-
sors that record the “touch” of individual raindrops. A snow board is a similar 
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device that has a flat surface that is periodically cleared off during a storm to pre-
vent readings of snow amounts from being distorted by melting or the snow’s 
compaction from its own weight. A large national network of cooperative observ-
ers periodically measures snow depths that accumulate through the winter.

The instrument carriers
Accurate weather predictions depend on knowing what the atmosphere is doing in 
places that are hard to get to. They need to know the temperature, humidity, air 
pressure, and wind speeds and directions not only at the surface, but also high in 
the sky, in the upper atmosphere. They need to know what is going on not just 
around the corner or over the hill, but in remote areas and also far out at sea. 
Thousands of people and thousands of lonely pieces of automated equipment 
around the world help fill these needs every day. The information constantly 
streams into national data centers around the world, and from there it goes into 
the supercomputers running the Numerical Weather Prediction forecast models. 
Under the auspices of the United Nations, the World Meteorological Organization 
collects and distributes data from thousands of land-based observing stations, 
from thousands of stations aboard ships, from automatic weather sensors on 
buoys in the sea, attached to balloons, and on aircraft and satellites.

Weather balloons
Weather balloons filled with Helium gas are released from almost 900 sites around 
the world. They are released every day, twice daily, at the same hours, which cor-
respond to 7 p.m. and 7 a.m. Eastern Standard Time, as shown in Figure  16-1. 
Readings from instruments carried by these balloons are transmitted to ground 
recording stations. Balloons are tracked by radar to help measure wind speed and 
direction in the upper atmosphere.

After about two hours of flight, the average balloon reaches an altitude of about  
20 miles. About that time, the balloon bursts. As it climbs in altitude, the air inside 
the balloon expands to the point where its radius has gone from 6 feet to 20 feet 
across, and right about then, well, the poor thing just can’t take it anymore. 
Kaboom! — and the instrument package, known as a radiosonde, parachutes back 
to the surface. Many are lost over the ocean or in remote land areas, although 
often people find them and, following the instructions on the packages, return 
them to national weather services to be used again.
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Ocean buoys
Ocean buoys, shown in Figure 16-2, deliver instrument readings of ocean water 
temperature, as well as standard air temperature, humidity, and pressure mea-
surements, from key locations at sea. Automatic weather sensors are attached to 
buoys that are permanently moored or drift with ocean currents. Radio signals 
carry the data from these ocean-based sensors.

A special “Tropical Ocean Array” network of buoys is moored in water up to  
15,000 feet deep across the Pacific Ocean at the Equator so that weather scientists 
can keep track of ocean temperature changes that affect weather patterns and 
seasonal differences in the United States and elsewhere. Across the tropical Pacific 
is where El Niño and La Niña conditions develop. Chapter 12 describes El Niño and 
La Niña and goes into the details of how the ocean and the atmosphere work 
together.

FIGURE 16-1: 
A National 

Weather Service 
forecaster 
releases a 

weather balloon. 
National Center for Atmospheric Research/ 

University Corporation for Atmospheric Research/ 
National Science Foundation
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Automated weather stations
Across the United States are thousands of stations of the Automated Surface 
Observing System, each measuring surface weather conditions as often as every 
minute. Operating automatically, 24 hours a day, these stations acquire and dis-
tribute information on cloud cover, visibility, temperature, air pressure, wind 
speed and direction, and precipitation.

Doppler radar
A powerful remote-sensing tool, Doppler radar is especially good at detecting 
hazardous thunderstorms that other instruments and forecasting methods find 
hard to predict or observe. (Did you know that radar stands for radio detection and 
ranging?)

Conventional radar sends out short, powerful microwave pulses. A receiver picks 
up the signals that bounce back as the radar waves encounter objects, such as 
 precipitation particles. It gives a rough description of the size of the object and an 
estimate of its distance.

FIGURE 16-2: 
Researchers 

service the 
instruments on a 

moored ocean 
buoy. 

National Oceanic and Atmospheric Administration
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Doppler radar measures frequency differences between signals bouncing off 
objects moving away or moving toward its antenna. (Austrian physicist Christian 
Doppler first described this shifting effect that the direction of travel has on waves 
of light and sound.) Its ability to detect the Doppler shift in signals allows Doppler 
radar to paint a detailed picture of the motion of winds inside thunderstorms. 
(Chapter 9 goes into these storms in detail.)

Shaped like a giant ball on top of a scaffold, a Doppler radar emits three billion 
microwave bursts each second. Their antennae are so sensitive to the microwaves 
reflected back that they can pick up precipitation, dust, insects, and even differ-
ences in air density.

A fleet of satellites
Imagine what it must have been like to try to accurately predict the arrival of a 
storm from the sea — the Pacific Ocean, for example, or the Gulf of Mexico — 
before satellites were up there taking great big pictures of Earth. Before 1960 and 
the April 1 launch of TIROS-1, about all that a forecaster had to work with were 
occasional radio reports of a few aircraft or ships at sea. Many severe storms went 
undetected until they were dangerously close to people. The Galveston Hurricane 
of 1900, which Chapter 7 describes, is a tragic example. The U.S. Weather Bureau 
mistakenly predicted that the hurricane, leaving Cuba, would sweep up the Florida 
coast and move toward New England. The day the hurricane struck, September 8, 
a single paragraph buried on page 8 of The Galveston Daily News forecast “Rain 
Saturday with high northerly winds.” More than 8,000 Galveston residents lost 
their lives that day.

The pictures sent by weather satellites since those days not only have improved the 
accuracy of weather forecasting, they have changed the way a lot of people think 
about the weather. Even though Tiros-1 operated for only 78 days, the pictures it 
sent back revealed to everyone who saw them the true scope and character of 
weather events. Before weather satellites, it wasn’t so obvious that many weather 
systems are enormous, global-scale features that travel thousands of miles over 
continents and oceans for periods of several days.

Among those impressed by TIROS-1 was President John F.  Kennedy, who in a 
speech to Congress in 1961 outlined a national goal of putting a man on the moon 
and creating a satellite system as soon as possible “for worldwide weather 
observation.”

Behind TIROS-1 came a raft of satellites of increasing complexity and capabilities. 
Now weather satellites are operated by the governments of many nations.

Since the 1960s, the world’s oceans are no longer vast areas of dangerously unob-
served weather. Advances in imaging technology used by a large fleet of 
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international weather satellites sends back vivid images of Earth, and the planet’s 
weather formations. The ability of these onboard sensors to penetrate clouds and 
to monitor and relay crisp global images in 16 wavelengths allows forecasters to 
observe flows of air and water vapor at different layers in the atmosphere. On a 
daily basis, satellites have dramatically increased the accuracy of weather fore-
casting, most notably in predictions related to the size, intensity, and pathways of 
hurricanes and other tropical storms. These days, of course, a whole constellation 
of satellites from nations around the world is up there keeping their eyes on 
things, and we take for granted the images that regularly pop up on our televi-
sions, computers, and mobile electronic devices.

Stationary workhorses
Most of those great animated pictures of moving clouds that are the bread and 
butter of modern weather news on U.S. television come from one of two  
geostationary satellites parked over the eastern Pacific and western Atlantic oceans, 
covering the Western Hemisphere. These workhorses are part of a network of 
geostationary satellites positioned around the world at an altitude of 22,238 miles 
above the Equator. They are called geostationary because their west-to-east motion 
matches the Earth’s rate of rotation, which keeps them over the same spot on 
Earth.

One of the great things about these satellites is that they send back to Earth their 
pictures in real time, as soon as they are captured, so forecasters — and the com-
puters they use — get up-to-the-minute images of what’s going on.

In addition to those pictures of sunlight bouncing off of clouds, these satellites 
take infrared images that can track storm movements through darkness and help 
forecasters see that some clouds are higher or thicker than others. Another instru-
ment allows satellites to detect water vapor in the atmosphere, information that 
is especially valuable to forecasters on the lookout for dangerous storms.

Polar orbiters
At an orbit only about 450 miles up, two satellites are continuously monitoring 
Earth from the North Pole to the South Pole. These speedy polar orbiters get a 
much closer view of things. As they travel around from north to south and back 
again, the Earth rotates under them, and so their instruments scan a different 
swath of Earth farther to the west with each orbit. Each satellite covers the entire 
Earth in 12 hours. Because of their sensitive instruments, these satellites are able 
to provide forecasters with more detailed pictures of individual storms.
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And more . . .
A whole range of exotic detection devices are aboard other satellites designed by 
researchers who are using their ingenuity to more accurately measure the features 
of weather and climate.

One joint U.S.-Japan satellite, for example, focuses its imagers and instruments 
entirely on the Tropics — the belt around the Equator from 35 degrees north and 
35 degrees south  — where the rain accounts for two-thirds of the rainfall on 
Earth. The storms in this big, warm, and watery midsection pump most of the 
moisture that travels as water vapor through the atmosphere.

A U.S.-France satellite measures ocean temperatures by detecting slight differ-
ences in sea level. This kind of indirect measurement works because a column of 
warm water is higher than a column of cool water. Data from this satellite, called 
TOPEX-Poseidon, is especially useful in keeping track of weather-altering climate 
patterns known as El Niño and La Niña, which Chapter 12 describes in detail.

Another satellite is indirectly measuring the speed and direction of winds on the 
surface of the seas by detecting minor differences in the reflected microwave 
“scatter” patterns off of ripples and waves.

Farther out in space, at a distance of a million miles, a U.S. satellite known as the 
Deep Space Climate Observatory, monitors the solar winds and allows for advance 
warning of “space weather” outbreaks that would otherwise interrupt national 
and international communications networks.

Computers
If you haven’t thought of a computer as an important weather forecasting tool 
before, now it’s time that you did! Computers are crucial not only in the manipu-
lation of tons of weather information, but also in efficiently communicating this 
mass of digital data around the world.

The mainstay of modern forecasting, the numerical weather prediction process 
described in Chapter 2 would not be possible without high-powered computing. 
The National Center for Atmospheric Research in Boulder, Colorado, uses a super-
computer that can perform billions of calculations per second. Still, researchers 
say that they could use even more computing power to make their forecast models 
more accurate and to produce them more quickly. Researchers are continually 
upgrading various weather and climate models around the world.
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It’s not just the number-crunching power of computers that is important for 
weather forecasting. Their ability to quickly prepare easy-to-grasp graphical pic-
tures of their output is especially helpful to forecasters. An advanced system of 
computers installed in all National Weather Service forecast offices across the 
country allows forecasters to easily compare these models by running their fore-
casts simultaneously on the same computer screen.

During dangerous or hazardous storms, when a forecaster’s time is critical, com-
puters now take over the job of composing and sending public emergency 
warnings.

A FOR ACCURACY, E FOR EFFORT
The U.S. National Weather Service and others have spent a bundle in recent years to 
modernize its equipment and improve its forecasting skill, and it seems to be paying 
dividends.

The National Weather Service says that today’s three-to-four-day forecast is as accurate 
as the two-day forecast was 15 years ago. Predictions of rain three days ahead of time 
are as accurate today as one-day forecasts were in the mid-1980s. The three-to-five-day 
long-range forecasts that have been the standard will soon be replaced by seven-day to 
as much as ten-day predictions.

The accuracy of flash-flood forecasts has improved from 60 percent correct to  
86 percent during the past three years. At the same time, potential victims of flash 
floods get a 53-minute warning now instead of less than 8 minutes in 1986.

And the “lead times” of advance warnings of tornadoes — the time that residents have 
to react to these emergencies — have increased from an average of about 5 minutes  
in 1986 to an average of 12 minutes in 1998. Severe local thunderstorms and similar 
cloudbursts are typically seen 18 minutes beforehand now, up from 12 minutes a 
decade ago.
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Chapter 17
Try This at Home

It’s your weather, you know. Just because you can’t control it doesn’t mean it’s 
not yours. (Hey, nobody else can control theirs either!) The rainbow, the cloud, 
the sunset — nobody else sees it from exactly the same angle you do. The snow 

and the rain that falls on your face and even the cool summer breeze that you feel 
on your arm — that’s all yours.

You can take a personal interest in your weather, if you want to. A lot of famous 
and darn smart people have done just that over the years. In this chapter, I show 
you how to get started keeping track of your weather, including what instruments 
can help if you want to get fancy about it. Also in this chapter are some cool 
experiments you can do to test some of the basic ideas about how weather works.

You’re Not Just an Amateur
Amateur is a word that has fallen on hard times, especially in the sciences. Some-
body pays a professional, while an amateur is, well, just an amateur. There’s a good 
reason for this. After all, when I listen to a weather forecast, I want to know that 
this opinion about what it’s going to be like tomorrow is coming from a pro. Still, 
amateur deserves more credit than it gets.

Weather science would not have gotten to first base without amateurs. The truth 
is, all of those professionals have built their weather science on instruments that 

IN THIS CHAPTER

 » Becoming weatherwise

 » Making rainbows and clouds

 » Bending the light
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were invented by amateurs, by Galileo and the boys 400 years ago. There was not 
a meteorologist among them. The science didn’t exist. Mostly, they were just very 
smart people doing cool stuff at home.

Long before there were national weather services, keeping an eye on the weather 
was just something smart people did. Weather watching was an important part of 
exploration. When they arrived in the “new land” of North America, for example, 
early settlers from Europe realized very soon that just to survive the difficult win-
ters they were going to have to keep their wits about them and their eyes on 
the sky.

Even now, while forecasters use very fancy super computers, still they rely on 
weatherwise amateurs — spotters, watchers, observers. National weather services 
around the world use large networks of amateur weather observers. They get daily 
records of rainfall and temperatures from people in places that are hard to get to, 
and they depend on spotters for eyewitness accounts of tornadoes and other 
extreme weather events.

If you are keeping an eye on the sky, you are part of a tradition that is older than 
the United States. George Washington kept a weather diary even before the Revo-
lutionary War. And Thomas Jefferson took time out from writing the Declaration 
of Independence to go get his first thermometer. And Benjamin Franklin was one 
of the most famous weather amateurs of all. When you watch the weather, no 
matter how you do it, you are following in some big footsteps, and you are follow-
ing some good advice.

“Some people are weatherwise,” Ben Franklin said, “but most are otherwise.”

Watching Your Weather
Watching weather is an even older tradition than talking about it, if you can imag-
ine that. And it’s just as much fun as it ever was. You can watch weather in a lot 
more ways now — more fancy instruments to read, more things to buy, and a load 
of stuff to check out on the Internet about the weather. But the fancy way is not 
always the best way when it comes to weather (and a lot of other stuff), and in 
fact, the most satisfying may be the least fancy approach.

Consider beginning with a weather diary, like the founders of the United States. 
Get in the habit of making a couple of readings on a shaded thermometer once in 
the morning and again at a regular time later in the day. Get a sense of the wind, 
its direction, and speed, and make a note of whether it is cloudy or clear. This time 
is also good to practice identifying cloud types. Diaries are cool anyway, and you’re 
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always free to add comments in each entry about weather conditions or any other 
darn thing that comes to mind.

Do you live in an area where volunteer storm spotters are used to help keep track 
of such things as tornadoes and other weather events that are hazardous to public 
safety? Check it out with your nearest National Weather Service office or your local 
emergency management agency.

Taking photographs is another interesting way to watch weather. There are two 
approaches to taking weather pictures. Some of your choice may depend on your 
camera equipment. One approach is to take pictures of big events like storms and 
especially interesting cloud formations, or lightning strikes, and special effects 
like rainbows and haloes and striking sunsets. Another approach is to record the 
small things about weather and the changes it takes during the seasons. The bril-
liant fall colors of leaves are old favorites in this category, but also small things 
like ice crystals on a window pane can make great photographs.

Getting Fancy
If you want to get fancy observing weather, you can get as fancy as your ambition 
will reach and your pocketbook will allow. You can observe the weather with the 
instruments and the techniques that experienced weather observers have always 
used, or you can take advantage of the electronic age and rig any number of gad-
gets to a home weather station. Fancy or not, no weatherwise home station is 
complete without a NOAA Weather Radio, which Chapter 2 describes, to provide 
vital information during weather emergencies.

Going instrumental
If you have the room in your yard, you can rig up an instrument shelter and keep 
more elaborate records. You can keep records for a period of time and put them in 
a spreadsheet or database program on your computer. And then you can compare 
your results with the records kept by nearby National Weather Service observing 
stations.

An instrument shelter (see Figure 17-1) is a big white box — called a Cotton Region 
Shelter or Stevenson Screen — about 4 feet off the ground that has slatted sides  
to protect the instruments inside from direct sunlight but allows air to move freely 
around the instruments. It has a double roof to prevent the sun’s radiation from 
heating up the box.
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The shelter contains these instruments:

 » A wet-bulb thermometer: A wet-bulb thermometer is a well-ventilated 
thermometer surrounded in wet muslin that gives you the temperature of air 
that is saturated in water vapor.

 » A dry-bulb thermometer: A dry bulb thermometer measures the actual air 
temperature.

 » A maximum temperature thermometer: The maximum thermometer is 
designed so that it keeps track of the highest temperature reached that day.

 » A minimum temperature thermometer: The minimum thermometer is 
rigged to mark how low the temperature fell.

 » An aneroid barometer: The aneroid barometer is a more convenient 
mechanical version of a mercury barometer that measures air pressure on 
the face of a dial rather than heights of liquid in a tube.

The difference between the wet-bulb and dry-bulb thermometer readings allows 
you to figure out the relative humidity of the air.

FIGURE 17-1: 
An instrument 

shelter at a 
cooperative 

weather station 
in Granger, Utah, 

about 1930. 
National Oceanic and Atmospheric Administration/

Department of Commerce
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Going digital
If you like electronic gadgetry, boy, did you come to the right hobby! All  
the essential weather measuring instruments  — as well as nonessential  
instruments — are available in digital gear. They range widely in precision and in 
price.

Instruments can be purchased as single-service components of a self-assembled 
home weather station. Others are designed and packaged as integrated home 
weather stations. Prices for electronic home weather stations range from under 
$250 to well over $2,000. Many come with consoles, which permit them to con-
nect directly to a desktop computer and the Internet, and have their own software 
for storing and graphically portraying information.

Other electronic devices and services allow you to keep up to the minute with 
changing weather conditions. You can be alerted by beeper or Internet-linked cel-
lular telephone any time a storm alert is issued or a forecast is changed.

A wide range of computer software is available through software vendors and 
instrument retailers as well as archives over the Internet. The Appendix gives you 
a good idea of the huge number of weather-related resources available on the 
Internet. Computer users will find software available for any number of applica-
tions. They can fashion their own forecasts, for example, or use their systems to 
maintain constantly updated information about local weather conditions.

GO FIGURE ACADEMY OF SCIENCES BITES 
THE DUST
I was planning to have my people at the Go Figure Academy of Sciences come up with 
some really cool experiments about the weather. It was going to be great. You know, 
lightning, thunder, the works. But that’s not going to be possible now.

I kind of lost control of my people after I had them try to chase down the end of a really 
nifty-looking rainbow in New Jersey to check out the pot-of-gold idea. They all came 
back muddy and mad at me. You might say the climate of the place completely 
changed. Still, I figured I owed it to you, to make sure about the gold. And besides, what 
if there had been gold? You know, running an academy of sciences is expensive, even 
one I made up, and I could have used the dough.

(continued)
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Cool Weather Experiments
A weather scientist by the name of Zbigniew Sorbjan has written the book on the 
subject of cool weather experiments. The title of the book is Hands-On Meteorology, 
and it’s published by the American Meteorological Society. Here are some well-
known weather experiments you can try at home.

Making rainbows
Want to make a “rainbow”?

Anyway, to make a long story short, the whole ungrateful bunch of them has gone back 
to the Massachusetts Institute of Technology. Go figure.

(continued)
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Technically speaking, you can’t really make a rainbow unless you can make it rain. 
But I’m not going to get too technical about this. The colors of the rainbow are 
always hidden in the white sunlight unless something happens to make its differ-
ent wavelengths separate from one another. As Chapter 15 describes, the different 
wavelengths appear to your eyes as different colors.

With a spray from a garden hose, you can come pretty darn close to copying what 
it takes to make one of the most beautiful effects in nature. You’ve got the basic 
ingredients for a rainbow — the Sun at your back, and the falling drops of water 
in front of you. Make sure that the spray is below your eye level. The colors will 
show up in a semicircle band in the stream of water. Now change the spray coming 
out of the nozzle so that it comes out in bigger and smaller droplets of water. The 
rainbow changes brightness and width just like it does as sunlight is bent by  
different sizes of falling raindrops.

Here’s an easy one to try inside. Fill up a jar with water and place it on the window 
sill so that the sun shines down through it. Then place a sheet of white paper on 
the floor so that the light passing through the jar shines on the paper. The water 
jar should bend the different lengths of light waves as they pass through the jar 
and spread them out in the colors of the rainbow on the sheet of paper.

Bending light by refraction
Want to bend some light?

It’s easy to see light bend as it passes through materials of different density. Turn 
the lights out and shine a flashlight into a glass of water. If you point the beam 
straight down into the water, its path is straight. But shine it at an angle and 
watch the light rays bend downward in the glass. The light waves are changing 
speed as they go from the air into the thicker, denser liquid. And the speed change 
is what gives them the bends.

Here’s another light-bending trick with a glass of water. Turn the lights on and 
stick a pencil in the water. Move the pencil closer to you and then farther away 
from you and watch the submerged image of the pencil become thicker and thin-
ner. That’s the curved shape of the glass changing the amount of water the image 
of the pencil is traveling through, causing the light waves to spread out one way 
and come together another.

Bending light by diffraction
Want to see what it looks like when light waves bump into each other?
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Here’s an optical effect at your fingertips. Well, more exactly, between your fin-
gers. Look through the beefy parts of first and second fingers, letting just enough 
light through to see, and you will notice dark lines running through the image you 
see. It looks as though you are seeing the world through a set of window blinds. 
This is the effect of light bending through the tiny space on the way to your eyes, 
just as it does when it passes through the gaps between water droplets to form 
coronas or raindrops as part of rainbows. The dark bands are where the wave-
lengths of light interfere with one another in a way that cancels each other out.

Weighing in on air
Want to prove that air has weight?

You and I know that air has volume — takes up space — without even thinking 
about it. That’s what balloons are about — air taking up space inside them. And 
cars move around on cushions of air that take up space inside rubber tires.

To show that air has weight, you need two balloons, a rod, and some string. Blow 
up each balloon to the same size so that each contains the same amount of com-
pressed air. Then tie them to each end of the rod with the same length of string. 
Now attach a length of string to the middle of the rod and adjust it so that the rod 
is straight across, so that the balloons are evenly balanced. Now pop one of the 
balloons and watch what happens to rod. It will droop down on the end that holds 
the inflated balloon.

This is similar to the experiment that Galileo Galilei did in 1638. He pumped a lot 
of air into a glass flask and weighed the flask very carefully before and afterward. 
When the compressed air was in it, the flask was heavier. But many people laughed 
at Galileo about this for years afterward. Any fool could see that air had nothing in 
it to weigh!

Of course, proving that air has weight is not the same thing as finding out the 
weight of air. That took some fancy figuring many years later with some sensitive 
instruments to get just right. So, how much does air weigh? At sea level, a cubic 
yard of air — about 202 gallons of the stuff — weighs about 2 pounds.

Testing the pressure
Here’s a way to get the idea of how air pressure changes with height, although this 
experiment involves water.

Take a soda can or some other fairly good size container that you can punch holes 
into. With something like a nail, put one hole a third of the way down from the rim 
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of the can and another whole quite a ways closer to the bottom of the can. Now fill 
it with water and look at the different shapes of the spouts coming from the holes. 
The top spout droops down more quickly than the spout coming out of the bottom 
hole, because the bottom has all the pressure of the water in the can pushing out, 
while the top whole has only the pressure of the water above it.

Now take another can and punch a few holes all at the same level, like down near 
the bottom. Pour water into this can and watch the spouts. Because they all have 
the same amount of water above them, they have the same pressure. So the spouts 
shoot out at the same curves and the same distance.

The greenhouse effect
Want to see what the “greenhouse effect” is about?

You need two thermometers mounted on two pieces of cardboard in a way that 
allows them to stand upright. Put stand them side by side in a quiet sunny spot 
with their cardboard backs to the direct sunlight. Now place a large glass jar over 
one of the thermometers. Before long, you will notice that the thermometer in the 
jar measures a warmer temperature. The jar is acting like a greenhouse, prevent-
ing the warm air from rising away as it does around the other thermometer.

This is exactly like a greenhouse that a nursery uses. But it is not exactly the green-
house effect that weather scientists have in mind when they talk about the atmos-
phere. A nursery’s greenhouse roof prevents air from circulating, for example, 
while under the atmosphere’s greenhouse gases, the whole world of weather is 
going on.

What weather scientists mean by the greenhouse effect is this: Some of the 
warmth from the Sun that is radiating up from the Earth in the form of invisible 
infrared rays is absorbed by these greenhouse gases in the atmosphere. So instead 
of escaping out into space, some of rays warm the atmosphere and some get sent 
back toward Earth. Like the greenhouse, the effect is that Earth is much warmer 
because of these gases in its atmosphere than it would be without them. (And a 
good thing too, by the way. Without this natural greenhouse effect, you and I 
would freeze to death down here!)

Cloud in a can
How about making a cloud?
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You’ll need to fashion a device called a cold chamber. With a contraption not too 
much different from this, scientists first experimented with seeding clouds to 
produce rain.

You will need two cans, one very large (or a pail) and one smaller. Put some ice 
mixed with salt in the bottom of the larger can. Place the small can on the ice so 
that its top is level with the top of the larger can. Pack ice and salt in the space 
between the cans. The large can will grow very cold, so it’s a good idea to wrap a 
towel around it to protect your hands. Soon the air in the small can will become 
very cold. When you breathe into the small can, the cold will condense the water 
vapor in your breath into a cloud.

A bottle of fog
How about making a bottle of fog?

Fill a big jar with hot water, and then pour all of it out except for about an inch of 
water in the bottom. Now put a strainer over the top of the jar and put a bunch of 
ice cubes in the strainer. In a few minutes, the cold air from the ice cubes will sink 
down, and the air rising from the warm water in the bottom will cause condensa-
tion to take place, just like Chapter 6 describes. What you have is a bottle of cloud, 
or fog.
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IN THIS PART . . .

Get the lowdown on ten or so of the worst weather 
disasters the world has seen so far, including the biggest 
typhoons, cyclones, and hurricanes as well as the worst 
droughts, winter storms, and flooding.

Discover ten weatherwise critters whose behavior was 
once thought to predict upcoming weather.

Have fun checking out ten weather-related proverbs that 
have been passed down for years and see why some of 
them have stood the test of time.
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Chapter 18
Ten (or So) Most Deadly 
World Weather Disasters

The weather and climate have not been very kind to many parts of the world. 
The first 20 years of the 21st century saw extreme weather events “domi-
nate the disaster landscape,” according to a United Nations report. In sheer 

numbers, climate-related disasters, including extreme weather, climbed from 
3,656 globally in the last 20 years of the 20th century to 6,681 in the first 20 years 
of the 21st. Major floods have more than doubled, and the incidence of disastrous 
storms has climbed from 1,457 to 2,034 during the same period.

Except for the Dust Bowl years of the 1930s, the United States has been feeling the 
impacts of fairly short-term, dramatic weather events — hurricanes, tornadoes, 
floods — damage from this storm or that. In many parts of the world, however, 
some of the worst disasters have been the grinding, long-term effects of shifting 
climate. A flood can come from a rainstorm, a single weather event. Drought, or 
lack of water, on the other hand, represents the failure of a season or more.

Drought and its consequences on humans — famine and disease — was far and 
away the biggest killer of the 20th century. The hard economic reality of the rich 
and poor made itself felt, especially in the early years of the century. When a 
wealthy nation suffers a harvest setback, it can buy its way out of the food short-
age on the world market. In a poor nation, when the rains fail, life fails. In the 
poor and populous nations of Asia and Africa, the losses of life were staggering. 
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While the United States has a well-deserved reputation for violent weather, the 
death toll from weather and climate events elsewhere in the world is measured on 
a whole different scale.

The second biggest killer was drought’s opposite — major river flooding from 
torrential rains and its terrible impact on health and food, on disease and starva-
tion. Especially in the Yangtze Valley of central China, millions of lives were lost 
to the flooding of the giant river. Many of the worst floods accompanied typhoons 
and cyclones — the words for hurricanes in Asia and the Southern Hemisphere.

Droughts
While the death tolls and other effects from storms are fairly obvious, the impacts 
of the failure of the rainy seasons can drag out over several years and are not so 
easy to track. The numbers of deaths related to the effects of drought are all esti-
mates. Still, the really big drought, famine, and heatwave disasters would be hard 
to miss. Drought is a threat to all of Earth’s continents.

Africa
In 2011, drought struck Somalia, Kenya, Djibouti, and Ethiopia in East Africa, 
threatening 9 million people. A mass migration led to thousands of deaths and 
food crises spread throughout the region. Several devastating droughts struck the 
region of Africa south of the Sahara Desert known as the Sahel during the  
20th century. There were major droughts there from 1910 to 1914, from 1940 to 
1944, and a long and brutal dry spell from 1970 to 1985. The Sahel drought killed 
more than 600,000 people in 1972–75 and another 600,000 or more in 1984–85.

China
More than 24 million people died from starvation in the Chinese Famine of 1907. 
In 1928–30, more than 3 million died in northwestern China. In 1936, another 
famine claimed the lives of 5 million. And in a drought in 1941–42, another  
3 million starved.

India
The drought of 1900 brought starvation and disease that killed up to 3.25 million 
people. In 1965–67, more than 1.5 million perished from drought.



CHAPTER 18  Ten (or So) Most Deadly World Weather Disasters      341

Soviet Union
In 1921–22, drought claimed as many as 5 million lives in the Ukraine and Volga 
regions of the former Soviet Union.

United States
The climate event known as The Dust Bowl in the United States lasted ten years — 
the Great Depression decade of the 1930s — and set heat records that still stand 
across parts of the Plains. It turned 100 million acres into dust. Awful dust storms 
known as black rollers or black blizzards roared across the Plains. The sky would 
darken for days. The drought came in four waves: in 1930–31, 1934, 1936, and 
1939–40. Coming as it did during the Great Depression, the long drought drove 
hundreds of thousands of families into a desperate migration from the Plains to 
southern California and other states. Great agricultural losses deepened the 
nation’s economic crisis and worsened the misery.

Heatwaves
During a 20-year period ending in 2017, more than 166,000 people died from the 
effects of excessive heat around the world, including 70,000 people who died  
in Europe in the summer of 2003, according to the World Health Organization. 
That year was the hottest summer in Europe since at least 1540. Parts of France, 
where 14,802 people died, saw eight consecutive days of 104 degrees Fahrenheit  
(40 degrees Celsius).

Floods
Heavy rains in Asia caused the greatest flooding disasters of the 20th century, 
especially in the middle and lower reaches of the major rivers in China.

China
The Yangtze River Valley was the site of the disastrous flooding in 1900, 1911, 1915, 
1931, 1935, 1950, 1954, 1959, 1991, and 1998. The worst, Yangtze River Flood in the 
summer of 1931, came after the drought of 1928–30 had killed more than  
3 million people. In July and August, floods from torrential rains killed 3.7 million 
people by drowning, disease, and starvation. The flood affected 51 million  
people — a quarter of China’s population at the time.
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Iran
In 1954, the Great Iran Flood, caused by a single storm, claimed more than  
10,000 lives.

Vietnam
In 1971, heavy rains in northern Vietnam caused severe flooding that killed an 
estimated 100,000 people.

Typhoons, Cyclones, and Hurricanes
While improved storm forecasting, advance public warning, and timely evacua-
tions have sharply reduced the death tolls of hurricanes in the United States, the 
same storms continue to claim thousands of lives elsewhere in the world. The 
region of the western Pacific Ocean known as Typhoon Alley includes the China 
coast, Korea, Japan, the Philippines, and Southeast Asia, which have been hit with 
devastating storms.

Bangladesh
In November 1970, the greatest tropical storm disaster of the 20th century struck 
the low-lying coastal region of the south Asian nation of Bangladesh when a 
cyclone swept up out of the Indian Ocean. Powerful winds and a giant storm surge 
swept between 300,000 and 500,000 people to their deaths.

In 1991, another cyclone struck the country with 150-mile-per-hour winds and a 
20-foot storm surge. More than 138,000 people were killed.

China
The coast of eastern China was struck by several large typhoons in the first half of 
the 20th century, causing terrible hardship and deaths that numbered in the tens 
of thousands. Among the worst was a storm in 1912 that killed 50,000 people along 
China’s Pacific coast and a typhoon in 1922 that claimed another 60,000 lives.

Honduras
Central America fell victim in November 1998 to one of the strongest late-season 
hurricanes ever known to form in the western Caribbean. Hurricane Mitch moved 
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slowly through the warm waters and stalled for days over the mountainous regions 
of Honduras and Nicaragua, where it dumped rainfall measured as high as  
75 inches. The floods wiped out the bridges and roads and other public facilities in 
Honduras and tore away whole villages in Honduras and neighboring nations. The 
death toll was estimated at 11,000.

Japan
In September 1958, Typhoon Vera dealt Japan its worst storm disaster. Nearly 
5,000 people were killed, and 1.5 million were made homeless. Landslides, floods, 
and winds of the storm wrecked the nation’s economy, wiping out roads, bridges, 
and communications systems.

Myanmar/Sri Lanka
At the end of April 2008, Cyclone Nargis struck Sri Lanka and Myanmar, causing 
great wind damage, massive flooding, and landslides. Deaths totaled 150,000  people 
in the cyclone and its aftermath.

Philippines
Typhoon Thelma brought terrible landslides and flash flooding to the Philippines 
in October 1991. An estimated 6,000 people died, many on Leyte Island, where 
logging had stripped vegetation from the land. This led to terrible landslides.

United States
On September 8, 1900, one of the most powerful hurricanes of the century came 
as a surprise to the people of Galveston, Texas. Weather forecasters knew there 
was a hurricane out in the Gulf of Mexico, but they didn’t know where it was. In 
those days, tracking a storm at sea was hit or miss. A storm surge 20 feet high 
came up onto the sandy barrier island that the bustling Gulf Coast city is built on 
and completely swamped Galveston and tore it up with its winds. More than 8,000 
people were killed. The Galveston Hurricane still ranks as the deadliest natural 
disaster in U.S. history.

Winter Storms
Terrible winter storms brought death and destruction to the world more than once 
in the 20th century.
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Afghanistan
In February 2008, a blizzard hit Afghanistan with a death toll of 1,000 people, 
according to the government. But it devastated agriculture, especially livestock, 
killing 315,000 cattle and 100,000 sheep.

Europe
Savage winter storms in January and February 1953 drove storm surges onto 
coastal regions of the Netherlands and the United Kingdom. Almost 2,000 people 
drowned in the flooding.

Iran
In February 1972, four years of drought ended in Iran with a weeklong blizzard 
that killed about 4,000 people.

Pollution
Once in a while, weather conditions gang up with air pollution to produce truly 
terrible events. This is what happened in the little steel town of Donora, Pennsyl-
vania, in 1948, and in London, England more than once. For more detail on these 
events, see the sidebars in Chapter 14.

Donora
The steel mill, zinc smelter, and sulfuric acid plants were pumping their stuff into 
the air over the little Pennsylvania town of Donora in October 1948 just like they 
had for years. But the weather changed, and nobody understood what it meant 
until it was too late. A high-pressure system settled over the region. Winds died 
and a dense fog combined with the pollution to brew a dark and deadly smog. It 
killed 22 people and left thousands sick.

London
Weather and industrial pollution combined in December 1952 to cause an event 
known as the Great Smog of London, by far the worse air pollution episode of the 
century. Stagnant weather conditions, including fog, caused the air in the city to 
reach poisonous levels, killing 4,000 persons and contributing to the deaths of 
another 4,000.
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Chapter 19
Ten Weatherwise 
Critters

People have wanted to know what the weather was going to be like long 
before there was any really good way of finding out. Weather was something 
people have always wondered about, in fact, and before there was weather 

science, they looked for ways to figure it out. Just imagine, the poor dears: no 
clock radio waking them up with a forecast, no last-minute Weather Channel 
summary, nothing on the subject in the newspaper. And weather apps? What 
weather apps? What was a person to do?

There were lots of ways to look at the weather before there was science. For a long 
time, in many parts of the world, the weather was said to be the work of the gods. 
If weather was good, the gods were happy, and when it was bad, they were 
angry — usually because of something the likes of you and I had done wrong.

Farmers and sailors came up with their own ways of looking at the sky and pre-
dicting what was going to happen next. Some of the old proverbs that Chapter 20 
describes come down from this tradition. People looked for signs of changing 
weather everywhere — in the stars, in the moon and Sun, in the clouds in the sky, 
of course, and in the behavior of animals around them.

This chapter takes a look at this very old tradition of hand-me-down weather 
signs from the critters that share the house, the barnyard, and the wilderness with 

IN THIS CHAPTER

 » Watching animals for signs of 
weather



346      PART 6  The Part of Tens

the likes of you and me. The idea was that these “lower forms” of animal life were 
more sensitive to weather changes than brutes like you and me. There may be 
something to that idea, in a way, but to be honest, as accurate predictors of 
weather, these “signs” don’t hold up too well under close scrutiny.

So don’t start bothering your cat for a weather forecast. Read these for the fun 
of it!

Cats
Some of the weirdest old animal signs of weather change have to do with cats 
around the house. My guess is they were thought up and passed around by people 
who spent too much time indoors.

When cats sneeze, for example, it was considered a sign of rain. It was also a sign 
of rain when a cat scratches itself or scratches a log or a tree. If a cat lies on its 
head with its mouth turned up, that meant a storm was on the way. A cat washing 
her head behind the ear was considered a sign of rain, although in other places, 
cats washing themselves were considered signs of fair weather.

Go figure. I don’t know about you, but if there is a bigger mystery in the world 
than tomorrow’s weather, it is understanding the behavior of my cats!

Dogs
Dogs haven’t done as well as cats in the weather prediction business. At least, 
that’s my explanation for the fact that there aren’t very many old weather signs 
around that give much forecasting credit to dogs. Like most animal weather signs, 
the behavior of dogs most often was described as signs of rain.

A dog digging a deep hole in the ground was a sign of rain, for example, and so 
was a dog eating grass in the morning. A dog howling when someone leaves the 
house was said to be a sign of rain, although, for the life of me, I don’t know why 
it wasn’t a sign that the dog wanted to go with them. A spaniel sleeping was con-
sidered a sign of rain. Imagine that. If my dog sleeping was a sign of rain, it would 
be raining cats and — well, he’s a good dog.
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Frogs
A lot of frogs have spent a lot of time in jars doing duty as “poor man’s barome-
ters” over the years. It was a long tradition in Europe, this idea that a green tree 
frog was especially sensitive to changes in air pressure and its behavior could pre-
dict changes in the weather. The jar was half-filled with water and there was a 
little ladder. On bad-weather days, the frog stayed in the water, the thinking 
went, and when it was getting better, the frog climbed up the ladder out of the 
water.

This was just a myth, but it makes you wonder about frogs and toads and other 
amphibians in recent years. Their populations seem to be disappearing around the 
world. Are the frogs trying to tell us something about the atmosphere?

Ants
For thousands of years, people have been looking at the industrious ants for signs 
that the colonies were able to foretell the weather. It seems like the Greeks had the 
idea first. (Then again, it seems like the Greeks had a lot of ideas first.)

“It is a sign of rain if ants in a hollow place carry their eggs up from the ant-hill 
to the high ground, and a sign of fair weather if they carry them down,” wrote 
Theophrastus, a pupil of Aristotle’s back in 350 B.C. The idea is that because they 
sense a storm on the way, the colony sets to work closing up the entrances and 
reinforcing their hills with new soil.

An American put the business to rhyme with the saying, “When ants their walls 
do frequent build, rain will from the clouds be spilled.” Ants aren’t the only insects 
busy at a change in the weather, it seems. Other old signs of coming rain: Gnats 
bite, crickets are lively, spiders come out of their nests, and flies gather in houses.

Birds
Birds seem to have been relied on frequently as forecasters, as close as they are to 
the weather and all. All kinds of weather signs related to birds of one feather or 
another have been passed down through the ages, although many of these are 
nothing to crow about.
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There is an ancient Chinese proverb: “The call of the cuckoo heralds spring plant-
ing.” There is old American folklore about the singing of birds. When they stop 
singing, for instance, rain and thunder could be on the way, and if they sing in the 
rain, it’s a sign that fair weather is coming.

In the barnyard, when chickens crow before sundown, it is a sign of rain the next 
day. If a rooster crows on the ground, rain is coming. If he crows on the fence, 
expect fair weather.

And the behavior of wild birds has been closely watched for signs of weather 
change at least since the time of the ancient Greeks. They thought it was a sign of 
rain when gulls or ducks plunged under water, and when they flapped their wings, 
it was a sign of wind. A heron screaming was a sign of wind. And the ancients 
watched for nesting activity as a sign of the seasons to come. If they flock together 
in moderate numbers on an island, it is a sign of good weather, but if the flock is 
big, drought could be on the way.

Caterpillars
The Wooly Bear Caterpillar is a standard of American weather folklore for some 
reason. The idea is that this caterpillar of the tiger moth is able to foretell how 
severe the coming winter will be.

Every autumn, the dense coat of fine hairs of the wooly bear gets a lot of press 
attention. The width of the brown band around its middle is carefully measured as 
an indication of what to expect of winter. And every spring, people look back at the 
predictions divined from the caterpillar’s wooly coat, and it’s almost never  
verified — a complete fantasy.

Squirrels
The scurrying little critters in the forests and the trees have done pretty well for 
themselves as subjects of seasonal weather forecasts.

Chipmunks were watched around the Great Lakes, for example. If they were 
tucked away for the winter by October, a cold and long one was on the way. If they 
were seen in the forest until December 1, winter would be short and mild.
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And squirrels were popular signs of the coming winter. If they were seen laying 
away an especially large food supply, a long and severe winter could be expected. 
This widely held idea inspired a rhyme: “When he eats them on the tree, weather 
as warm as warm can be.”

Some killjoy did a 20-year study of the squirrels back in the 1880s and splashed 
cold water on the whole idea.

Groundhog
Who hasn’t heard the old one about Groundhog Day? This is evidently an ancient 
German tradition, but judging from all the media attention every February 2, 
Americans just love the idea.

If the hibernating groundhog pokes his head out of his hole on that day and sees 
his shadow, he heads back into his burrow knowing that he faces another six 
weeks of winter. If he doesn’t see his shadow, winter will be over soon.

This date marks the halfway point between winter and spring, a time some years 
when just about anything good you can say about the weather is welcome.

Livestock
You’ve got to give those shepherds their due. Anybody who spends that much time 
looking at all of that livestock deserves to be listened to, and the tenders of the 
flocks have been considered experts on weather changes for centuries.

If sheep climb the hills and scatter, it means they’re expecting fair weather, and 
if they bleat and seek shelter, snow is on the way. Cows are the same way. If they 
refuse to go to pasture in the morning, it will rain before nightfall. If a cow stops 
and shakes her foot, there is bad weather coming behind her.

Watch the way they lick and scratch. It means rain is coming if cattle lick their 
forefeet, or lie on the right side, or scratch themselves more than usual against 
posts or other objects.

For some things, you just have to take the word of the shepherds.
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Fish
Maybe you’ve noticed this: People who fish a lot have a certain amount of spare 
time on their hands. They certainly have time to think about the weather and to 
look for signs of change in the fish.

According to one tradition, fish bite readily and swim near the surface when rain 
is expected. But according to another, fish are inactive and won’t bite just before 
thunder showers. Some not only know bad weather is coming, but where it is 
coming from. The saying is that blue fish, pike, and others jump with their head 
“toward the point where a storm is frowning.”
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Chapter 20
Ten Grand Old Weather 
Proverbs

The weather proverb business has fallen on hard times. There’s a lot of the 
old stuff around to ponder over and puzzle through, but darned if you can 
find a new one anywhere. Weather science has done that to the proverb 

trade. You don’t hear your favorite forecaster going on at length these days about 
red skies at night or mare’s tails and mackerel scales and what-have-you.

It’s just as well that the forecasts you hear are grounded in more solid stuff now-
adays. Science has taken a lot of the surprise out of the weather, of course, but 
along the way it’s taken some of the charm.

In this chapter, you can take a look at some of the oldest and best of the weather 
proverbs that have been passed down. For many centuries before the science of 
meteorology came along, generations of weather watchers shared these sayings 
that sailors and farmers and other close observers of the sky found true, or at least 
helpful, in figuring out what was going to happen next.

Think of it as a little Weather Proverbs Hall of Fame. And you’ll get an idea of their 
weather sense and see why some of them have stood the test of time.

IN THIS CHAPTER
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Red Sky at Night, Sailor’s Delight . . .
Red sky at night, sailor’s delight.

Red sky in the morning, sailor’s warning.

This is one of the oldest and one of the best. The ancient Greeks had a variation of 
this saying. And in the Bible, Matthew 16.2-3, Jesus says to the fishermen, “When 
it is evening, you say, ‘It will be fair weather, for the sky is red,’ and in the morn-
ing ‘It will be stormy today, for the sky is red and threatening.’”

Here’s the weather behind it: If the sky is red when the Sun is setting in the west-
ern sky, often it means that the sunlight is passing through dust particles in a 
clear sky. And since most weather travels from west to east in the middle latitudes 
where most people live, chances are good that the next day the sky overhead will 
be clear. On the other hand, when the eastern sky is red at sunrise, it means that 
the high pressure and fair weather has passed, and low pressure, clouds, and 
storms could be threatening.

Clear Moon, Frost Soon
This old saying picks up on a common occurrence but isn’t exactly foolproof. If the 
sky is clear enough to make the image of the moon especially clear, the surface of 
the ground will rapidly radiate away the day’s heat and its temperature will fall 
dramatically. If temperatures get cold enough and the air is stable, frost can form 
on a clear night. If temperatures don’t fall to freezing overnight, however, and 
wind kicks up, well, don’t count on this one.

Early Thunder, Early Spring
Thunderstorms require a certain amount of heat. The air needs to be moist and 
warm, as a rule, for clouds to generate the kind of growth and commotion for 
lightning and thunder to result. If it comes in the winter, earlier than usual, it may 
mean that the air contains more heat than is common for many winter storms, 
and so spring to be coming sooner rather than later.
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But this proverb points out one of the weaknesses of this kind of weather fore-
casting. Many of them are true to one location, but not another. They don’t travel 
well. In many regions, thunder can be heard just about any time of year.

After Frost, Warm . . .
After frost, warm.

After snow, cold.

This is an old Chinese proverb that works pretty well, but not perfectly. Frost often 
appears under clear skies and high pressure after cold air has moved through and 
there is a reasonable chance that the following day will be clear and warmer. 
Snowfall, on the other hand, often is followed by a day that remains cold as the air 
mass that produced it lingers over the area. This is another saying that you would-
n’t want to take to the bank.

Mare’s Tails and Mackerel Scales . . .
Mare’s tails and mackerel scales make tall ships take in their sails.

Mare’s tails are those wispy high cirrus clouds that often are followed by a thick-
ening layer that forms a bright clumpy pattern that might remind you of the scales 
of a fish — a mackerel, say. These cloud formations often come in advance of 
thicker and lower clouds that mark the arrival of a warm front. The appearance of 
these clouds can be followed by veering winds that sailors of tall ships would have 
to contend with, and eventually by rain.

Rainbow in the Morning . . .
Rainbow in the morning gives you fair warning.

The effect of a rainbow depends on sunlight reflecting off of falling raindrops and 
bouncing back toward your eyes. The Sun needs to be at your back. If you see a 
rainbow in the morning, when the Sun is in the east, it means that the rain is fall-
ing in the west. Because weather generally travels from west to east in the middle 
latitudes, a rainbow in the morning means that rain is coming your way.
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When Halo Rings the Moon . . .
When halo rings the moon or sun

Rain’s approaching on the run.

The halo that forms around the moon and the Sun is the result of its light shining 
through a veil of high cirrus ice-crystal clouds. These clouds are often the sign of 
an approaching warm front of air. The thin cloud layer will be followed by a thick-
ening cloud layer, and eventually by rainfall. Not every veil of cirrus clouds is fol-
lowed by a thickening layer. Sometimes, a storm may be bypassing you, but you 
will see the fringe clouds that could cause a halo. So don’t count on this one too 
often.

Rain Long Foretold . . .
Rain long foretold, long last.

Short notice, soon past.

This proverb tells you something about how the big mid-latitude storms of winter 
are generally shaped. Rain long foretold is typically storminess brought on by the 
passage of a warm front. This storm brings a big cloud layer that is overhead for 
several hours before rain begins to fall. A cold front storm, on the other hand, is a 
faster-moving creature and is not so easily foreseen. Its clouds arrive quickly and 
its rainfall comes sooner and falls more heavily, but seldom lasts long.

A Year of Snow, a Year of Plenty
A warm, thawing January or February may cheer the hearts of city slickers who are 
tired of winter’s weather, but for many a farmer, it’s bad news. It means that 
grains and other crops will begin to sprout too soon, and the young growth will 
perish in a killing frost. “January warm, Lord have mercy!” is an old saying that 
captures the sentiments of the farmer. “If grain grows in January,” says another, 
“there will be a year of great need.” A year of snow, a year of plenty means to the 
farmer that the growing season will unfold the way it should, and the land will 
have plenty of nourishing moisture through the spring. This proverb has real 
staying power in the countryside.
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In Like a Lion and Out Like a Lamb
When this proverb is applied to the month of March, as it often is, it doesn’t work 
very well. In the middle latitudes, the idea is, March 1 is still in winter, with its 
roaring cold winds. But the end of March is in spring, which is supposedly gentler, 
like a lamb. A weather scientist will tell you that in many parts of the world, most 
of the time, the reverse could just as easily be said of March. Applied more  
generally, however, this proverb describes the old and widely held idea that the 
great contrasts of weather and climate  — between heat and cold, calm and  
storminess — tend to balance themselves out over time.
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Internet Resource 
Directory

Weather-related websites, newsgroups, blogs, and other services are an 
enormously large presence on the Internet, not to mention the abun-
dance of smartphone apps available for weather information at the tap 

of your finger. Thousands of servers are devoted to the subject, offering every-
thing from live pictures from webcams, digital video cameras perched outside of 
television stations and other buildings around the world, satellite and radar 
images, output of numerical forecast models, and raw climate and weather data 
intended for professionals.

This list of Internet resources is by no stretch of the imagination intended to be 
comprehensive. It is worth noting that weather forecasting, in addition to the 
growing presence of government services around the world, has grown into a 
large and robust private enterprise, especially in the field of evaluating risks asso-
ciated with commercial undertakings. This list contains a relative handful of web-
sites that can serve as major portals to other material throughout cyberspace. 
Good luck!

IN THIS CHAPTER

 » Finding out more about weather

Appendix



358      Weather For Dummies

Government Websites
The Internet has become an important communications tool for real-time weather 
and climate information by federal agencies. That means you and I get access to 
official weather data and information that used to be transmitted across the coun-
try in ways we could see. It’s all there to look at now: the real-time warnings of 
severe weather events around the nation, the forecasts, the output of numerical 
models, climate predictions — the works. For a weather enthusiast, it’s a feast!

U.S. National Weather Service
www.weather.gov

A good, noncommercial place to begin is www.weather.gov, the home page of the 
National Weather Service’s Interactive Weather Information Network. This web-
site is a launch pad to some of the coolest weather stuff on the Internet, including 
dazzling satellite images and other weather graphics as well as up-to-date 
National Weather Service warnings of weather hazards around the United States.

This site includes a link to the National Weather Service home pages, which open 
the cyberspace door to the regional U.S. weather servers as well as links to all the 
NWS Aviation Weather Center, Climate Diagnostics Center, Climate Prediction 
Center, National Hurricane Center, National Severe Storms Laboratory, and the 
Storm Prediction Center.

U.S. National Oceanic and Atmospheric 
Administration
www.noaa.gov

Another especially interesting government website is the home page of the 
National Oceanic and Atmospheric Administration, the parent agency of the 
National Weather Service, which offers a wide range of climate and weather 
information.

The NOAA website also offers links to authoritative discussions providing back-
ground and official updates on such topics as tornadoes, hurricanes, fire weather, 
El Niño, and drought. The NOAA weather page also gives easy access to satellite 
and radar images and forecasts.

https://www.weather.gov/
https://www.weather.gov/
https://www.noaa.gov/
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International weather services
https://worldweather.wmo.int/en/home.html

Another helpful noncommercial website is operated by the World Meteorological 
Organization, a special unit of the United Nations, which maintains official 
weather service forecasts and climate information for 139 member countries and 
thousands of cities around the globe. This website offers links to other valuable 
weather information, including a site devoted to real-time several weather around 
the world (https://severeweather.wmo.int).

University Websites
Good websites at research universities around the nation and the world are so 
numerous it is almost unfair to single out any. There is some very interesting 
weather research underway, and universities continue to expand their Internet 
sites to describe this work. Consider this a mere sampling of what’s out there, and 
check them out for links to other great websites.

University Corporation for  
Atmospheric Research
www.ucar.edu/ucar

UCAR is a nonprofit corporation formed in 1959 by research institutions with doc-
toral programs in the atmospheric and related sciences. UCAR was formed to 
enhance the computing and observational capabilities of the universities, and to 
focus on scientific problems that are beyond the scale of a single university.

At the UCAR site, check out the National Center for Atmospheric Research and the 
real-time weather page provided by the Research Applications Program:

http://weather.rap.ucar.edu

This site provides ready access to some of the computing and observation prod-
ucts available at the research center as well as an interesting page of links to other 
national weather sites.

https://worldweather.wmo.int/en/home.html
https://severeweather.wmo.int/
https://www.ucar.edu/ucar
http://weather.rap.ucar.edu
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University of Michigan Weather
http://weather.engin.umich.edu/wxnet/servers.php

UM Weather, as this website is called, is one of the Internet’s premier sources of 
weather information. Providing access to thousands of forecasts, images, and the 
Internet’s largest collection of weather links, UM Weather calls itself “the most 
comprehensive and up-to-date source of weather data on the Web.” UM Weath-
er’s famous WeatherSites page is worth stopping by to check out. This page pro-
vides access to over 150 North American weather sites.

Pennsylvania State University
http://www.meteo.psu.edu/fxg1/ewall.html

Penn State has a famous weather website that provides data for some serious 
weather watching. The site, densely formatted, provides access to current upper 
winds observations, the output of the major numerical forecast models, as well as 
an interesting set of answers to frequently asked questions about meteorology.

University of Illinois, Urbana-Champaign
https://atmos.illinois.edu/resources/weather-links

The Department of Atmospheric Sciences at the University of Illinois at Urbana-
Champaign has developed an extensive weather website that includes an innova-
tive tutorial of Internet-based teaching. It features a comprehensive list of 
government and academic weather websites.

Special Resources
Internet information is something of a moving target as websites adapt to changes 
in communications systems. Following is a sampling of some especially helpful 
sites that offer even more avenues for weather-related information.

Wikipedia: List of meteorology institutions
https://en.wikipedia.org/wiki/List_of_meteorology_institutions

http://weather.engin.umich.edu/wxnet/servers.php
http://www.meteo.psu.edu/fxg1/ewall.html
https://atmos.illinois.edu/resources/weather-links
https://en.wikipedia.org/wiki/List_of_meteorology_institutions
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The free Internet encyclopedia maintains an especially helpful list of links to 
meteorology institutions around the world, including many international govern-
ment sites as well as non-government and university research institutions.

Meteorology FAQ
www.faqs.org/faqs/by-newsgroup/sci/sci.geo.meteorology.html

This is a series of FAQ postings for the newsgroup, sci.geo.meteorology. FAQ 
stands for Frequently Asked Questions. This particular FAQ is a remarkably com-
prehensive catalogue of resources available to answer questions about meteorol-
ogy. The bulk of this FAQ series is about data sources, but a lot of other information 
has been added.

Hurricanes FAQ
www.aoml.noaa.gov/hrd-faq

Research meteorologist Christopher Landsea, at NOAA’s Hurricane Research Divi-
sion in Miami, Florida, has developed an extensive FAQ about hurricanes, 
typhoons, and tropical cyclones. It contains definitions, answers for some specific 
questions, information about the various tropical cyclone basins, provides sites 
that you can access both real-time information about tropical cyclones, what is 
available online for historical storms, as well as good books to read and various 
references for tropical cyclones.

Commercial Websites
Television networks and commercial weather forecasting companies are a big and 
valuable source of Internet weather information. Virtually all of them offer access 
to local weather forecasts around the nation and the world as well as frequently 
updated news and features about weather events making headlines.

AccuWeather, Inc.
www.accuweather.com

AccuWeather, Inc. is a leader in the field of commercial weather forecasting com-
panies specializing in forecasts tailored to specific media organizations and other 

http://www.faqs.org/faqs/by-newsgroup/sci/sci.geo.meteorology.html
https://www.aoml.noaa.gov/hrd-faq/
http://www.accuweather.com
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business, industry, and government agencies. Its website is a well-organized and 
comprehensive collection of current weather news and interesting background 
information and data.

Cable News Network
www.cnn.com/WEATHER/index.html

Cable News Network’s Weather Main Page offers a quick look at top weather sto-
ries. Its Storm Center page provides easy-access background information and 
safety tips on major weather threats such as hurricanes, tornadoes, and severe 
thunderstorms.

The Weather Channel
https://weather.com

The Weather Channel maintains a large and popular site for up-to-date weather 
news, current national, regional, and local forecasts as well as an extensive and 
well-organized collection of helpful background information. Its section How 
Weather Works is a helpful look at the basics of weather and its Storm Encyclope-
dia is an extensive presentation of important weather and climate topics. A 
Weather Glossary defines over 800 weather terms. The site also includes stream-
ing video clips of Weather Channel televised segments.

Weather Underground
https://www.wunderground.com

An Internet pioneer in meteorology, Weather Underground, owned by The Weather 
Company, offers a large variety of information dealing with real-time weather, 
forecasts, and background material on weather and climate research. The website 
bolstered its enormous archive with the merger of Intellicast, another highly 
developed site of current weather information, into its portfolio.

https://www.cnn.com/WEATHER/index.html
https://weather.com/
https://www.wunderground.com
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Mobile Weather Apps
Sometimes the market for weather forecasting software for mobile devices seems 
to be as shifty as the weather itself. The field has seen a lot of changes in compa-
nies and brands. Some of the changes have to do with what you might think of as 
typical ownership turnover among relatively young commercial ventures. Some of 
it has to do with shifting popularity of apps that rely so much on location services, 
a circumstance that attracts advertisers and sellers of personal data. Many apps 
are described as third-party software shells that are not forecasting services, but 
serve as conduits for data supplied by others.

Here are some of the more popular and well-regarded smartphone weather apps 
around:

 » AccuWeather: AccuWeather provides a quick, easy-to-read snapshot of 
current weather conditions, maps and radar, and weather alerts. A one-time 
$4 fee removes the advertisements. Its privacy policy permits the sale of 
personal data to “unaffiliated third parties” although mobile device settings 
can block these transactions.

 » Dark Sky: Dark Sky was a favorite mobile weather app in Southern California 
that was recently purchased by Apple. Its Android version was discontinued 
and the app is being incorporated into the Apple ecosystem.

 » RadarScope: The serious weather enthusiast or professional meteorologist 
may be attracted to this NEXRAD Radar application and willingly fork over the 
$10 price for the higher accuracy of the raw radar images, although it is not 
for everyone.

 » The Weather Channel: Now owned by IBM, The Weather Channel offers 
weather apps for both Android devices and Apple’s IOS mobile operating 
system. It gets high marks for overall accuracy, although its advertisements 
are seen as more prominent than in some other apps. Losing the ads will cost 
you a dollar a month or $10 a year.

 » Weather Underground: Also by IBM, Weather Underground gets high marks 
for its more restrictive privacy protections. It includes hyper-local forecasts 
and all the basics you would expect from a weather forecast, including severe 
weather alerts, air quality readings, radar, and maps. Getting rid of the ads will 
cost you $20 a year or $4 a month.
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Global map shows how NASA projects temperature patterns may change through  
the year 2100 due to an increase in greenhouse gases in the atmosphere.

Greenland’s ice sheet mass has been in steady decline since 2002.
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“Three Hurricanes in the Atlantic” composite image of hurricanes Katia,  
Irma, and Jose in the Atlantic basin on September 6, 2017.

Hurricane Katrina, Louisiana, USA, on August 29, 2005.
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Hurricane Mitch prior to landfall on October 26, 1998.

Damage from Hurricane Mitch.
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Pyrocumulonimbus 
clouds can produce 
intense downbursts 

of rain.

Golf ball-sized 
hailstones.
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Damage from 
an F5 tornado in 

Moore, Oklahoma, 
USA, in 1999.
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Large tornado spins across farmland.

Storm chasers monitor a tornado from the safety of their vehicle.
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Cumulonimbus clouds.
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Cirrostratus clouds.
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Cirrocumulus clouds.
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Nimbostratus clouds.
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Altostratus clouds.
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Cirrus clouds.
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Stratocumulus clouds.
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Altocumulus clouds.
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Cumulus clouds.
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Stratus clouds.
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Polar stratospheric clouds.
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Northern lights over Alaska, USA.
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