MEET THE WEATHER

The weather is strange in that it is seen as both personal
and impersonal. Each weather event can a ect our lives in
the most profound ways, yet these deeply personal
impacts are not at all unique. The weather plays a
formative role in the lives of every person who currently
lives, has ever lived, or ever will live, and it will keep doing
so until we cease to exist or pack up and move to another
planet. Understanding our powerful and fragile
atmosphere is important not only because it a ects our
lives, but also because it’s just darn cool. So bear with me
while | get really nerdy for a bit.

LEARN THE LANGUAGE It seems elementary, but in
order to fully understand the weather, we need to
understand the terms used to talk about di erent weather
events. Weather happens at three scales—synoptic,
mesoscale, and microscale. Synoptic-scale meteorology
deals with large systems such as hurricanes, nor’easters,



and fronts—cold, warm, stationary, and so on—that can
have an e ect on nations or even entire continents.
Mesoscale meteorology deals with smaller weather events
such as squall lines, clusters of thunderstorms, lake-e ect
snow, and sea breezes. Microscale meteorology involves
weather that occurs on a local basis, such as winds and
clouds interacting with individual mountains, cold air
draining down into a dip in the terrain, and even dust
devils that spin up over a hot parking lot.

KNOW YOUR TERMS One of the most widely employed
terms in weather forecasting is “precipitation.”
Precipitation involves any liquid or ice that falls from the
sky: rain, snow, sleet, freezing rain, hail, and graupel. We
will get into all of those precipitation processes in due
time. Along those lines, we will talk about “severe
weather” quite frequently, especially when it comes to
springtime. Events such as blizzards and flash floods are
certainly good examples of severe weather, but we will
use the term to refer to severe thunderstorms, or those
thunderstorms that produce damaging winds, large hail,
or tornadoes.



PREDICT THE FUTURE

All of us have joked about meteorologists flipping a coin to
arrive at tomorrow’s weather, but the science of
meteorology has advanced to the point where today, our
forecasts are extremely accurate. In fact, we can now
predict major weather events days before they happen,
when such precision was almost unthinkable just a few
decades ago.

THE BASIC TOOLBOX Meteorologists use a wide array of
tools to produce their forecasts. The first step in producing
a forecast is to take a look at what’s going on in the
atmosphere right now, starting with the upper levels



(usually around 30,000 feet) and ending with weather at
the surface. To begin a forecast, first look at the jet
stream, or the fast-flowing river of air in the upper
atmosphere. The jet stream is the driving factor for most
major weather events. Meteorologists then look at

di erent features in the mid levels of the atmosphere
before arriving at the surface, studying data collected by
radar sites (to see precipitation) and the thousands of
weather stations scattered around the world.

THE CRYSTAL BALL The next step in the forecast process
Is to use weather models as guidance to help predict
where di erent weather features will form over the next
10 days or so. These complicated computer algorithms
aren’t the answer—they can often tell an incomplete story
—Dbut when good information from weather models is
combined with a meteorologist’s knowledge and their
experience, the result is an excellent forecast.

Does that mean nobody ever gets a little overexcited
and predicts a Snowpocalypse! that fizzles? Of course not.
But it happens a lot less often than you might think.



BECOME A METEOROLOGIST

If your love for weather knows no bounds, you might want
to become a meteorologist—but it’s no cakewalk. The
world’s atmosphere is a dynamic, complex machine. To
fully understand and predict the weather, you’ll need a
thorough grounding in math and physics. Majoring in
meteorology at a university requires a full load of rigorous
calculus and advanced physics courses—so many of these
courses, in fact, that many students pursuing a life of
forecasting wind up double-majoring or taking up minors
in the two subjects. If you’re a hardworking student who’s
up for the challenge, it’s well worth the e ort.

For those of us who are passionate about the weather
but can’t do math to save our lives, most meteorology
programs o er a minor that provides a solid education
into meteorology without any of the in-depth science that
requires high-level math and physics. It’s a great option if
you’re looking to learn about the weather while pursuing
other fields of study.



GET A GOOD MODEL

A weather model is a complex computer algorithm that
scientists use to help predict the weather. While they’re
not the sole tools meteorologists use to create forecasts,
models are an integral part of the process. Without
weather models, our ability to predict the weather would
revert back to the methods used in the mid-twentieth
century—making it hard to predict the weather tomorrow,
let alone five days in advance.

These advanced models need to know what the
weather is doing right now in order to predict what it will
do in the future. The computers need to be fed current
weather conditions gathered by surface weather stations,
weather balloons (as well as some high-flying aircraft) and
satellites, along with weather radar. These models are
then able to plug all of those current observations into the
various algorithms, and then, using climatology (past
weather) for guidance, they can help forecasters issue
reliable predictions.

There are dozens of weather models available to
meteorologists on the Internet. Some of them are
provided for free, such as the ones run by the United
States government, while others are stuck behind a hefty
paywall, such as the model run by the European Centre
for Medium-Range Weather Forecasts, often called the



ECMWEF or “Euro” for short. Each model has its strengths
and weaknesses. The United States’ Global Forecast
System (GFS) weather model is run on a global scale; it’s
great at handling large-scale features that cover entire
countries, but it doesn’t do a very good job with small-
scale features that only span a couple of counties.



READ A WEATHER MAP

Weather maps are omnipresent in modern society. We see
them on the television, in our newspapers, and all over
the Internet. Understanding how to read a weather map is
crucial to understanding how the weather works. The
three major parts of a weather map are contours, shading,
and symboils.

UNDERSTAND CONTOUR A contour is a line drawn onto
a map that denotes a constant—a constant temperature
(an isotherm), a constant pressure (an isobar), a constant
amount of precipitation (an isohyet for rain), and so on.

SEE THE SHADING Contour maps are fairly easy to read,
especially when the area in between contours is shaded
with a color or pattern. We are the most familiar with
shaded contour maps when we look at a day’s predicted



high temperatures. As a general (and logical!) rule, cooler
colors indicate cooler temperatures, and warmer colors
indicate warmer temperatures.

DECODE SYMBOLS The symbols used by meteorologists
to denote various conditions don’t mean much to the
general public, but they’re still in widespread use with
folks who require advanced weather briefings (such as
pilots and sea captains). These symbols are most
commonly used on a surface analysis chart, which maps
out observations recorded by weather stations. Four dots
arranged in a diamond pattern, for example, indicates
heavy rain, while two asterisks arranged next to each
other indicates light snow. One of the most well-known
symbols is an arrow roughly shaped like an “R,” denoting
a thunderstorm.
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Light snow. This is an example of one of over 2 dozen
symbols used to denote levels and types of precipitation
and other factors such as haze, lightning, and others.
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Hot front
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Isobar lines show the border between two areas of
atmospheric pressure.



Trough (elongated low-pressure area)

Stationary front (area where hot and cold fronts meet and
neither has prevailed)



SURVIVE UNDER PRESSURE

Our atmosphere is heavy. On an average day, the Earth’s
atmosphere applies 14.7 pounds of force per square inch
to every surface at sea level. However, we don’t measure
the weight of the atmosphere, but rather the pressure it
applies on weather instruments called barometers. The
average weight of the atmosphere at sea level equates to
29.92 inches of mercury (inHg) or 1013.25 millibars.

MAKE A WAVE Imagine moving your hand through a
bathtub full of water with enough force to create a wave
that moves from the front of the tub to the back. While
the wave is sloshing back and forth, the deepest water in
the tub is underneath the crest of the wave, while the
shallowest water is found underneath the trough of the
wave. High- and low-pressure systems in the atmosphere
work in a similar manner. Low pressure occurs when there
are fewer air molecules over a particular location, leading
to a lower atmospheric weight and thus a lower
atmospheric pressure. High pressure occurs when air
molecules are densely packed over a particular location,
leading to a higher atmospheric weight and a higher
corresponding pressure.

RIDE THE RIDGE We’re all familiar with those iconic,
nearly circular highs and lows, especially intense low-
pressure systems like hurricanes or nor’easters. However,
most of our weather is created by elongated areas of high
and low pressure known as ridges and troughs,
respectively. Ridges and troughs can occur in all layers of
the atmosphere, from the surface to the level of the jet
stream. Ridges of high pressure typically feature warmer-
than-normal temperatures and calm weather, while



troughs often bring colder-than-normal temperatures and
active weather.
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READ SURFACE OBSERVATIONS

Surface observations recorded by stations around the
world provide some of the most basic weather data
available. Records of temperature readings date back
hundreds of years—in fact, Thomas Je erson recorded
four temperature readings in Philadelphia on July 4, 1776,
the day that the Continental Congress adopted the
Declaration of Independence. (It was 76°F at 1:00 PM, if
you were wondering.)

ANALYZE THIS Surface observations are usually printed
on a map called a “surface analysis” that allows people to
quickly get an idea of current conditions across an area.
The most complicated surface observations can show up
to eighteen variables in one tiny space, which is confusing
for even the most seasoned weather bu s.

KNOW THE VARIABLES The four most important
variables that are displayed on a surface observation are
the temperature, dew point, air pressure, and wind.
Temperatures are commonly shown on the top-left corner



of an observation, while dew points (the temperature at
which the air would reach 100% humidity) are shown on
the bottom left. Air pressure is shown on the top-right
portion of surface observations, always in millibars. The
leading number (either a 9 or a 10) is left o , so an air
pressure reading of “078” on an observation will indicate
an air pressure of 1007.8 millibars. Deciphering air
pressure requires a little bit of critical thinking; for
example, the only time that “078” would stand for 907.8
millibars is if the surface observation was taken from the
center of a devastating hurricane.
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READ THE BARBS Wind barbs are the most recognizable
and widely used observation symbols. The barb informs
the reader of the speed and direction of the wind at that
location. The barb points in the direction from which the
wind is blowing; a straight-up wind barb denotes a wind
blowing from the north. The spikes and flags extending o
of the wind barb denote wind speeds in knots. Long spikes
represent 10 knots (11.5 mph), short spikes indicate 5
knots (5.8 mph), and flags represent 50-knot (58 mph)
winds.
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COLD FRONT

The leading edge of a cold air mass.

Cold air is dense and hugs the ground like a bubble,
so cold fronts look like the front of a shoe as they
move across the earth. Cold fronts vary in size from
a few dozen miles long to an entire continent in
length.




Temperatures tend to drop rapidly after a cold front
passes by. As a result of the dense air behind them,
cold fronts force air to lift, often triggering violent
thunderstorms when they collide with a warm,
humid air mass.
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WARM FRONT

WHAT IS IT?

The leading edge of a warm air mass.

WHY DOES IT HAPPEN?

Warm air is less dense than cold air, so the leading
edge of a warm front passes overhead long before
you can detect it at the surface.



Warm fronts tend to create widespread areas of
clouds and rain, and during severe weather
outbreaks, these fronts can serve as a focus for
severe thunderstorms.
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Stationary Front

STATIONARY FRONT

The boundary between warm and cold air masses
that are stalled next to each other.

These fronts can separate dramatically di erent air
masses. For example, in the southeastern United



States, cities north of a stationary front could see
cool, dry temperatures, while cities south of the front
experience warm, humid conditions.

A stationary front will turn into a warm or cold front
when one of the air masses begins to move.
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OCCLUDED FRONT

The most complicated type of frontal system, where
cold and warm interact.




These develop when a cold front overtakes a warm
front near the center of a low-pressure system,
cutting o (occluding) the warm air from the surface
and forcing it to remain aloft.

WHAT HAPPENS NEXT?

The point where an occluded front, a cold front, and
a warm front meet is known as the “triple point,”
and the area around the triple point can serve as the
trigger for severe thunderstorms.
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DRY LINE
WHAT IS IT?

A special kind of front that denotes the movement of
moisture as opposed to the movement of
temperatures.



In general, conditions to the west of a dry line are
warm and dry, while conditions to the east of a dry
line are warm and moist.

During spring months, these often serve as a focal
point for supercell thunderstorms, the most intense
type of thunderstorms on Earth.



UNDERSTAND PROBABILITY

Discussing probabilities, such as the chance of rain or
snow, is a touchy subject in meteorology. People don’t like
uncertainty; they want their forecasters to definitively say
“Yes, it will rain” or “No, it will not,” even if the facts don’t
back it up. Any hint of uncertainty is seen as evasive or
even a sign of ignorance about the subject at hand. The
latter is actually quite true: we have to use probabilities
because predicting the future involves a certain level of
ignorance. Unless you’re a clairvoyant with your own
series of infomercials, nobody can be certain of what will
happen in the future until it does happen, and this is very
much true in the field of weather forecasting.

PLAY THE PERCENTAGES Probabilities are a
meteorologist’s way for them to conveying uncertainty to
the public. So, a 40% chance of rain means that there is a
chance that it could rain, but forecasters don’t have
enough evidence to be sure. Probabilities are easier in
some cases than others. When a hurricane approaches



the coast, it’s a pretty safe bet to issue a 100% chance of
rain for cities that are in the path of the storm. On the
other hand, when you visit Alabama in August, you never
know exactly where thunderstorms will spring up and pour
for half an hour. The very nature of pop-up summertime
thunderstorms makes them virtually unpredictable until
they begin to form, so the forecaster’s confidence in
precipitation is greatly diminished.

PREDICT DISASTERS The probability of severe weather
gets even hairier. The Storm Prediction Center issues
forecast probabilities in advance of severe weather in the
USA. During the spring months, it’s not uncommon to hear
forecasters talk about a 10% risk of tornadoes over a
certain area. In this case, it means that you’ll have a 10%
chance of seeing at least one tornado appear within 25
miles of any point in the risk zone. Since tornadoes are far
less common than rain or snow, a 10% chance of a
tornado means that you need to pay attention to the
weather and get ready to go.



INTERPRET WEATHER RADAR

First discovered during the intense military operations of
World War I, the use of radar technology to monitor
precipitation is now an integral part of weather reports
around the world. Weather radar is a lifesaving tool that
helps users answer questions ranging from “Do | need an
umbrella?” to “Do | need to run for shelter?”

FEEL THE PULSE Weather radar works by sending out
pulses of microwave radiation into the atmosphere. If
there is precipitation present, the radiation will bounce o
of it and then return to the radar site. Computers then
calculate the intensity and distance of the precipitation.
Government-run weather radar sites located in the U.S.
were updated in the 1990s to include Doppler capabilities,
which allow the devices to detect the speed and direction
of the precipitation as well, giving us the ability to see



winds within a storm. This is crucial in detecting events
like tornadoes and damaging winds.

READ THE RAINBOW When an information agency wants
to display radar imagery on television or online, most
media outlets employ a standard scale to help viewers
understand what they’re seeing. Cooler colors such as
blue and green are used to represent lighter precipitation,
while the warmer colors ranging from orange to red are
used to indicate heavy precipitation, such as flooding
rains or large hail in a severe thunderstorm. Some outlets
like the Weather Channel are even able to incorporate
temperature data into radar imagery to show viewers
where rain, snow, sleet, and freezing rain are falling at any
given time.

KEEP IT LOCAL There is one important caveat to
remember when you’re looking at radar imagery. Due to
the curvature of the Earth, the radar’s beam of radiation
gets higher o of the ground the farther it gets from the
radar site, so precipitation far away from the radar site is
going to be a few thousand feet o the ground. Always try
to look at a radar image close to where you live, or you
might not see the whole picture.



GAZE AT EARTH FROM ABOVE WITH
SATELLITES

One of the most iconic images in world history is the Blue
Marble, or the gorgeous photo of Earth captured by the
crew of Apollo 17 as they headed to the moon in 1972. It’s
awe-inspiring to gaze at our pale blue dot from above, and
thanks to technology, we can see images of our planet
beamed back to the ground in real time by dozens of
weather satellites parked in orbit a few hundred miles
above our heads.

Meteorologists have used weather satellites since the
space race as a way to keep up with weather systems
around the world. While they’re capable of a lot more than
cloud gazing, the three most commonly used satellite
products available to the public—uvisible, infrared, and
water vapor—are all used to track clouds and moisture.

Visible satellite imagery is the easiest to decipher, as
it’s simply a snapshot of the Earth as it would appear to
orbiting astronauts or alien passersby. Infrared satellite
imagery uses infrared light to determine the temperature
of the clouds, which aids in determining how tall clouds
are (higher clouds are colder). Infrared satellite images
use a color-coded scale to show temperatures—white
colors show warmer/lower clouds, and vivid red, purple,
and even black show extremely tall clouds in the bitter
cold of the upper levels. Water vapor imagery detects the



amount of moisture in the atmosphere in the mid levels,
around 10,000 feet above the surface. Like infrared, water
vapor is also depicted using a color-coded scale; warm
colors show dry air, and cool colors show moist air.



LEARN FROM A BALLOON

When we look at a weather report, most people only care
about temperature, moisture, and wind here at the
surface. However, we’ve actually known since the 1700s
that studying these variables in the sky above is just as
important. One of the United States’ first weather
observers, John Je ries, is widely credited as the first
person to take weather observations using a balloon, back
in 1784.

Today, the process is a little more advanced (though
decidedly less cool) than launching weather cowboys into
the sky, thermometer in hand. Hundreds of large, latex
weather balloons are launched around the world twice a
day to take temperature, pressure, moisture, and wind
data between the surface and the top of the troposphere,
or the bottom layer of the atmosphere in which almost all
weather occurs. Each balloon contains an instrument
package called a “rawinsonde’ that records these
variables and transmits them back to meteorologists on
the ground.

The data collected by weather balloons can be
visualized in a graphic called a “SKEW-T”” chart (see item
#29) that, basically traces the temperature and dew point



of the atmosphere along the balloon’s path, along with the
winds from the surface to higher than the jet stream.
Looking at these variables allows us to make forecasts
such as determining if a location will see snow or rain, as
well as showing us thunder-storm development.



LEARN TO EASILY IDENTIFY CLOUDS

All those clouds you see drifting by overhead are

di erently shaped and sized for some very important
reasons. Here’s how to tell them apart, and understand
what spotting each type might mean for the weather.

CUMULUS

The most recognizable of all clouds. Pu y and
resembling huge balls of cotton, cumulus form when
pockets of warm air at the surface rise up through
cooler air above, a process called convection. Small
patches of harmless cumulus are commonly called “fair-
weather clouds,” but they can grow much more
ominous.



CUMULONIMBUS

Towering storm clouds that result from strong instability,
or the rapid rising of warm, moist air called an updraft.
Cumulonimbus clouds are synonymous with
thunderstorms. The vast majority of these thunder-
storms are not all that severe, but a small percentage
can still produce flooding rains, damaging winds, large
hailstones, and even tornadoes.

ALTOSTRATUS

Forming in the mid levels of the atmosphere, altostratus
clouds appear as a thin, milky layer that covers the sky
like a veil. The sun and moon appear blurry through
altostratus clouds, but they are not completely
obscured.









TRUST YOUR GOVERNMENT (OR
SOMEONE ELSE’S)

Most governments around the world operate their own
agencies dedicated to predicting and monitoring the
weather. These special departments aren’t there just to
provide weather information to the public—weather
forecasting is very important for commercial and military
activities. Governments have a vested interest in keeping
abreast of any weather conditions that could impact their
country’s ability to prosper. Major flooding or exceptional
droughts can devastate agricultural industries, causing
billions of dollars in lost crops, to say nothing of the
resulting economic hardship and food shortages. Severe
thunderstorms and extreme winter weather can delay or
cancel planes, trains, trucks, and even ships, causing
financial losses and supply chain issues, and throwing a
wrench in the plans of millions of people.



AGENCIES IN THE U.S. The most well-known of
governmental weather agencies in the world is the
National Weather Service (NWS) in the United States,
which falls under the control of the National Oceanic and
Atmospheric Administration, or NOAA. The NWS is further
subdivided into several specialized agencies, most notably
the Storm Prediction Center, which handles severe
thunderstorms, and the National Hurricane Center, and
local o ces across the country.

GLOBAL RESOURCES Contrary to whatever we
Americans may think, the United States actually isn’t the
center of the universe. The United Kingdom’s Met O ce,
Environment Canada, MétéoFrance, the Japan
Meteorological Agency, and countless other bureaus
throughout the world—even North Korea’s
Hydrometeorological Service—keep an eye on the skies to
make sure that no system, no matter how remote, goes
unwatched.

BRINGING IT ALL TOGETHER With so many government
agencies operating independently, it can be very di cult
to maintain and enforce a set of standards. The United
Nations agency that deals with meteorology around the
world is aptly called the World Meteorological
Organization, or the WMO. One of the WMO’s most visible
responsibilities is to maintain the worldwide lists of
tropical cyclone names. Each of the seven tropical basins
around the world has its own list of rotating names used
to keep track of tropical cyclones; each list is populated
with names submitted by countries that surround each
basin. When a storm has caused an especially large
amount of death and destruction on landfall, the WMO is
also responsible for retiring that storm’s name and
replacing it with a new one.



STOCK YOUR HOME

Chances are, we’ve all experienced a power outage at one
point or another. Usually, it’s in the middle of our favorite
television program or movie, and the response is one of
disappointment, sometimes profane, at the interruption.
The reality, however, is that most households are
unprepared for losing that power for anything longer than
a couple of hours. What happens if, on top of no power,
the water also runs out? What are you going to do when
the freezer thaws out after 24 hours without electricity?
What if you have special medical needs? Are you
prepared? Home survival isn’t that di erent from
wilderness survival. The benefit is that you don’t have to
carry everything you’ll need. And you also can benefit
from some household hacks to turn run-of-the-mill
products into life-saving materials:




1. WATER Have a weeks’ worth for you and your family (1
gallon per person per day—and don’t forget about pets!).
If bottled water runs out, remember there’s water in the
tanks of your toilets. If you’re lucky and you have advance
notice that your water supply might be jeopardized, fill up
your bathtub with water so you have extra.

2. FOOD You can survive a surprisingly long time without
food, so food is less of a concern. Stock up on easy dried
foods to get you through the worst of it. Canned foods
that don’t need heating are a good idea, as are pre-
packaged, high-calorie snacks. Rather than storing rice
and beans in their original bags, which can rip, transfer
them into 2-liter bottles for easy storing.
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3. MEDICAL SUPPLIES When you’re making your at-
home medical kit, think big. This isn’t some portable kit
that fits in your pack or the trunk of your car. Spend time
and a little extra cash to cover all the potential medical
Issues you might encounter. You also should prepare to
deal with your prescription medical needs. Insulin, for
example, needs to be kept refrigerated.




4. RADIO A battery-powered radio is su cient for a few
days if you need to monitor emergency services; you
might want one that includes NOAA weather bands in the
U.S.. Be sure you have plenty of batteries, too. A hand-
powered radio is even better. Current models also include
cell-phone chargers—a potential life-saver. If you need AA
batteries and only have AAA, wad up aluminum foil
between the battery and the connections.

5. CANDLES AND MATCHES If you’re out of candles,
raid the kids’ room for crayons. A single crayon will burn
for half an hour. Or you can put a wick in a can of
vegetable shortening for a long-lasting candle.



6. DUCT TAPE Because you can do virtually anything
with it. Really.

7. SHELTER AND WARMTH Chances are, you already
have enough blankets in your house to help keep your
family warm. But it’s never a bad idea to have some
survival blankets as part of your emergency preparedness
kit. It’s also a good idea to keep some rain tarps handy,
just in case you end up with a hole in your roof or some
other damage to your home that ends up exposing you to
the elements.



PREPARE YOUR HOME

Don’t forget that a house also is part of your survival kit,
so keep it ready. Putting plywood under your bed or
against the closet walls will help you shore up windows or
doors without having to go outside. Additional door and
window locks will help keep you secure. And motion-
activated lights or cameras can help you see what’s going
on outside while you’re safe and secure.



