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DataStreme Atmosphere 
 

Studying Weather as It Happens 
 
 
 
Welcome to DataStreme Atmosphere!  You are about to be introduced to the basics of 
real-time weather study. 
 
Watching weather as it happens is an exciting way to bring the world into the classroom.  
It’s also a great way to begin exploring the potential of the Internet as a provider of 
current information about the environment. 
 
This guide first describes the various sources of current weather information available to 
most people.  The basics of weather maps, weather satellite images, and weather radar 
displays are explained.  Fundamental understandings and generalizations about weather 
are presented that provide the framework for meaningful weather study. 
 
Hands-on activities follow that show how temperature and pressure patterns are found on 
weather maps, how pressure and winds lead to large-scale motions in the atmosphere, and 
how surface maps can be read.  In each activity, you will be shown how you can apply 
what you have learned in these activities to analyze and interpret today’s weather 
information delivered to your school by Internet. 
 
The contents of this guide have been developed as part of the American Meteorological 
Society’s DataStreme Project and are primarily intended for peer-training use by 
DataStreme Weather Education Resource Teachers.  Major funding for the DataStreme 
Project was initially through the Teacher Enhancement Program of the National Science 
Foundation.  Some of the narrative section in this guide is a special adaptation of 
Essentials of Weather by Joseph M. Moran, Michael D. Morgan, and Patricia M. Pauley, 
1995, Prentice Hall, Englewood Cliffs, New Jersey; adapted by permission of the 
publisher. 
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Studying Weather As It Happens 
 

SOURCES OF WEATHER INFORMATION 
 
 
Everyone has considerable experience with (and 
understanding of) weather.  After all, each of us has been 
living with weather all our lives.  No matter where we 
live or what our occupations are, we are well aware of 
the far-reaching influence of weather.  To a large extent, 
weather dictates how we dress, how we drive, and even 
our choice of recreational activities.  Before setting off in 
the morning, most of us check the latest weather forecast 
on radio or TV and glance out the window to look at the 
sky or read the thermometer.  Every day, we acquire 
information on weather through the media, our senses, 
and perhaps our own weather instruments.  And from 
that information, we derive a basic understanding of how 
the atmosphere functions. 
 Until now, for most of us, keeping track of the 
weather has been a casual part of daily life.  From now 
on, we will see how weather observation can be a more 
formal and regular activity.  You can be access current 
weather data via the Internet whenever you wish.  In 
addition, we suggest that you tune to a televised 
weathercast at least once a day.  Weathercasts are routine 
segments of the local morning, noon, and evening news 
reports.  If you have cable television, you may choose to 
watch The Weather Channel, a 24-hr-a-day telecast 
devoted exclusively to weather reports and forecasts. 
 If television is not available, weather 
information may be obtained by reading local or national 
newspapers or by listening to radio broadcasts.  Most 
newspapers include a weather column or page featuring 
maps and statistical summaries.  Radio stations provide 
the latest local weather conditions and forecasts, but 
often do not include a summary of weather conditions 
across the nation unless some newsworthy event has 
occurred such as a hurricane or tornado outbreak. 
 Another valuable source of local weather 
information is via broadcasts of the NOAA Weather 
Radio.  As a public service, the National Oceanic and 
Atmospheric Administration (NOAA), the parent 
organization of the National Weather Service (NWS) 
operates low-power, VHF high band FM radio 
transmitters that broadcast continuous weather 

information (e.g., regional conditions, local forecasts, 
marine warnings) directly from NWS forecast offices 24 
hrs a day.  A series of messages is repeated every 4 to 6 
minutes and some messages are updated hourly.  Regular 
reports are interrupted with watches, warnings, and 
advisories when weather-related hazards threaten.  A 
special weather radio is required to receive NOAA 
transmissions because the seven broadcast frequencies 
(from 162.40 to 162.55 MHz) are outside the range of 
standard AM/FM radios.  Some weather radios are 
designed to sound a tone alarm or switch on 
automatically when NWS forecasters issue a weather 
watch or warning or other emergency information.  The 
latest generation weather radio is equipped with the 
Specific Area Message Encoding (SAME) feature that 
sounds an alarm only if a weather watch or warning is 
issued specifically for a county programmed (selected) 
by the user.  Depending on terrain, the maximum range 
of NOAA weather radio broadcasts is about 65 km (40 
mi).  As of this writing, over 900 transmitters are 
operating in 50 states, Puerto Rico, the U.S. Virgin 
Islands, and the U.S. Pacific Territories.  Expansion of 
this service is expected to eventually bring 95% of the 
U.S. population within range of NOAA weather radio 
broadcasts.  In many communities, NOAA weather radio 
broadcasts are also available on cable TV and broadcast 
television’s secondary audio programming channels. 
 Another invaluable source of weather 
information is the Internet.  The World Wide Web 
provides real-time access to weather maps, satellite 
images, national weather radar summaries, and weather 
forecasts, plus updates on environmental issues, such as 
trends in global climate, stratospheric ozone, and air 
quality.  NWS forecast offices maintain web sites that 
provide links to a variety of meteorological, 
climatological, and hydrological information.  The 
DataStreme Atmosphere website brings you a host of 
real-time weather data via the Internet. 
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Weather Systems and Weather Maps 

 
Weather information received via Internet, television, or 
newspapers may include: (1) national and regional 

weather maps; (2) satellite or radar images (or video 
loops) depicting large-scale cloud, precipitation and 
atmospheric circulation patterns; (3) data on current and 
past (24-hr) weather conditions; and (4) weather 
forecasts for the short-term (24 to 48 hrs) and long-term 
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FIGURE 1. 
On a weather map, special symbols represent the state of the atmosphere over a broad geographical area at a specific time. 
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(up to 5 days or longer).  So that your weather watching 
is more meaningful and useful, the remainder of this 
chapter is devoted to a description of what to watch for, 
beginning with features plotted on the national weather 
map. 
 Temperature, dewpoint, wind, and air pressure 
are among the many atmospheric variables that are 
routinely measured at weather stations and plotted on 
weather maps.  In order to represent the state of the 
atmosphere at a particular time, weather observations are 
taken simultaneously around the world.  Special symbols 
are used on national weather maps to plot the location of 
the principal weather-makers, that is, pressure systems 
and fronts (Figure 1). 
 Pressure systems are of two types, highs (or 
anticyclones) and lows (or cyclones).  The high and low 
designations refer to air pressure.  We can think of air 
pressure as the weight per unit area of a column of air 
that stretches from the Earth’s surface (or any altitude 
within the atmosphere) to the top of the atmosphere.  At 
any specified time, air pressure at the Earth’s surface 
varies from one place to another across the continent.  
On a weather map, H or HIGH symbolizes regions 
where the air pressure is relatively high compared to 
surrounding areas, and L or LOW symbolizes regions 

where the air pressure is relatively low compared to 
surrounding areas. 
 As you examine weather maps, note the 
following about pressure systems: 
1. Usually highs are accompanied by fair weather and 

hence are described as fair-weather systems.  Highs 
that originate in northwestern Canada bring cold, 
dry weather in winter and cool, dry weather in 
summer to much of the coterminous United States.  
Highs that develop further south bring hot, dry 
weather in summer and mild, dry weather in winter. 

2. Viewed from above, surface winds in a high-
pressure system blow in a clockwise (in the 
Northern Hemisphere) and outward spiral as shown 
in Figure 2A.  Calm conditions or light winds are 
typical over a broad area about the center of a high. 

3. Most lows produce cloudy, rainy or snowy weather 
and are often described as stormy-weather systems.  
An exception may be lows that develop over arid or 
semiarid terrain, especially in summer.  In such 
areas, intense solar heating of the ground raises the 
air temperature and lowers the air pressure, 
producing a low that remains stationary over the hot 
ground and is not accompanied by stormy weather. 

4. Viewed from above, surface winds in a low-pressure 

 
FIGURE 2 
Viewed from above in the Northern Hemisphere, surface winds blow (A) clockwise and outward in a high pressure system, and (B) 
counterclockwise and inward in a low pressure system.  Ovals are isobars, passing through places having the same air pressure in 
millibars (mb). 
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system blow in a counterclockwise (in the Northern 
Hemisphere) and inward spiral (Figure 2B). 

5. Both highs and lows move with the prevailing wind 
several kilometers above the surface, generally 
eastward across North America, and as they do, the 
weather changes.  Highs follow lows and lows 
follow highs.  As a general rule, highs track toward 
the east and southeast whereas lows track toward the 
east and northeast.  An important exception is 
tropical low-pressure systems (e.g., hurricanes) that 
often move from east to west over the tropical 
Atlantic and Pacific before turning north and then 
eastward in midlatitudes. 

6. Lows that track across the northern United States or 
southern Canada are more distant from sources of 
moisture and usually produce less rain- or snowfall 
than lows that track further south (such as lows that 
travel out of eastern Colorado and move along the 
Gulf Coast or up the eastern seaboard). 

7. Weather to the left side (west and north) of a storm’s 
track (path) tends to be relatively cold, whereas 
weather to the right (east and south) of a storm’s 
track tends to be relatively warm.  For this reason, 
winter snows are most likely to the west and north 
of the path of a low-pressure system. 

 Air masses and fronts are also important weather-
makers.  An air mass is a huge volume of air covering 
hundreds of thousands of square kilometers that is 
horizontally relatively uniform in temperature and 
humidity.  The specific characteristics of an air mass 
depend on the type of surface over which the air mass 
forms (its source region) and travels.  Cold air masses 
form at polar latitudes over surfaces that are often snow or 
ice covered, whereas warm air masses form in the tropics 
where the Earth’s surface is relatively warm year-round.  
Humid air masses form over moist maritime surfaces (e.g., 
Pacific Ocean, Gulf of Mexico), and dry air masses 
develop over dry continental surfaces (e.g., desert 
Southwest, northwestern Canada).  The four basic types of 
air masses are cold and dry, cold and humid, warm and 
dry, and warm and humid. 
 A front is a narrow zone of transition between 
air masses that differ in temperature, humidity, or both.  
Fronts form where contrasting air masses meet, and the 
associated air movements often give rise to cloudiness and 
precipitation.  The most common fronts are stationary, 
cold, and warm; weather map symbols for all three are 
shown in Figure 1.  As the name implies, a stationary front 
is just that, stationary (or nearly so).  On both sides of a 

stationary front, winds blow roughly parallel to the front 
but in opposite directions.  A shift in wind direction may 
cause a portion of a stationary front to advance northward 
(becoming a warm front) or southward (becoming a cold 
front).  At the same pressure, warm air is less dense than 
cold air so that a warm air mass advances by gliding up 
and over a retreating cold air mass.  The cold air forms a 
wedge under the warm air and the leading edge of warm 
air at the Earth’s surface is plotted on a weather map as a 
warm front.  On the other hand, cold air advances by 
sliding under and pushing up the less dense warm air and 
the leading edge of cold air at the Earth’s surface is plotted 
on a weather map as a cold front.  Consequently, a warm 
front slopes more gently with altitude than does a cold 
front. 
 As you examine surface weather maps, note the 
following about air masses and fronts: 
1. In response to regular seasonal changes in the 

duration and intensity of sunlight, polar air masses are 
much colder in winter and milder in summer.  By 
contrast, in the tropics, sunlight is nearly uniform in 
duration and intensity throughout the year so that 
tropical air masses exhibit less seasonal variation in 
temperature. 

2. An air mass modifies (becomes warmer, colder, 
wetter, drier) as it moves away from its source region 
with the degree of modification dependent on the 
properties of the surface over which the air mass 
travels.  For example, a cold air mass warms more if it 
travels over ground that is bare rather than snow-
covered. 

3. Fronts are three-dimensional and the map symbol for 
a front is plotted where the front intersects Earth’s 
surface. 

4. Most cloudiness and precipitation associated with a 
warm front occur over a broad band, often hundreds 
of kilometers wide, in advance of where the front 
intersects Earth’s surface.  Precipitation ahead of a 
warm front generally is light to moderate in intensity 
and may persist at a particular location from 12 to 
24 hrs or longer. 

5. Most cloudiness and precipitation associated with a 
cold front occur as a narrow band along or just ahead 
of where the front intersects Earth’s surface.  
Although precipitation often is showery and may last 
from a few minutes to a few hours, it can be very 
heavy. 

6. Wind directions are different on the two sides of a 
front. 
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7. Some fronts are marked by neither cloudiness nor 
precipitation.  Passage of the front is accompanied 
by a shift in wind direction and a change in air 
temperature and/or humidity. 

8. In summer, air temperatures can be nearly the same 
ahead of and behind a cold front.  In that case, the 
air masses on opposite sides of the front differ 
primarily in humidity; that is, the air mass ahead of 
the advancing front is more humid (and therefore 
less dense) and the air mass behind the front is drier 
(denser).  With passage of the front, refreshingly 
drier air replaces uncomfortably humid air. 

9. Cold and warm fronts are plotted on a weather map as 
heavy lines that are often anchored at the center of a 
low-pressure system.  The counterclockwise and in-
ward circulation about a low brings contrasting air 
masses together to form fronts. 

10. A low-pressure system may develop along a stationary 
front and travel rapidly like a large ripple from west 
to east along the front. 

11. Thunderstorms and associated severe weather (e.g., 
tornadoes, hail) most often develop to the south and 
southeast of a low-pressure system in the warm, 
humid air mass that is located between the cold front 
and the warm front. 

 As you monitor national and regional weather 
maps, also watch for the following: 
1. Cool sea breezes or lake breezes push inland 

perhaps 10 to 50 km (6 to 30 mi) and lower summer 
afternoon temperatures in coastal areas. 

2. In late fall and throughout much of the winter, heavy 
lake-effect snows fall in narrow bands on the 
downwind (eastern and southern) shores of the 
Great Lakes and Great Salt Lake. 

3. Severe thunderstorms and tornadoes are most 
common in spring across the central United States, 
especially from east Texas northward to Nebraska 
and from Iowa eastward to central Indiana. 

4. Thunderstorms are relatively rare along the Pacific 
coast and on the Hawaiian Islands and most frequent 
in Florida and on the western High Plains. 

5. Tropical storms and hurricanes occasionally impact 
the Atlantic and Gulf coasts, primarily from August 
through October. 

 
 

Satellites and Radar  

 
Satellite video loops are routine components of many 

televised and Internet-delivered weather reports and 
consist of successive images taken by sensors aboard 
weather satellites.  They show cloud patterns from the 
eastern Pacific, across the North American continent, to 
the western Atlantic.  Even some newspaper weather 
pages feature a satellite image.  Most of these images are 
taken by sensors aboard geosynchronous (or 
geostationary) weather satellites that orbit about 36,000 
km (22,320 mi) above the equator and travel eastward at 
the same rate as the Earth rotates eastward.  Hence, a 
geosynchronous satellite is always positioned directly 
over the same spot on the Earth’s surface and sees the 
same sector of the planet.  Two geosynchronous 
satellites, one at 75 degrees W longitude and the other at 
135 degrees W longitude, provide a complete view of 
much of the United States and southern Canada. 
 Sensors aboard a weather satellite detect two 
types of signals from Planet Earth.  One signal consists 
of sunlight reflected by the planet’s surface and 
atmosphere.  The scenes produced are essentially black 
and white photographs of the planet and are called 
visible satellite images.  Cloud patterns on visible 
satellite images are of particular interest to 
meteorologists.  From analysis of cloud patterns, they 
can identify not only a specific type of weather system 
(such as a hurricane), but also the stage in its life cycle, 
and its direction of movement. 
 A second type of sensor aboard a weather 
satellite detects infrared (IR) radiation.  IR is an invisible 
form of radiation that is emitted by all objects 
continually, both day and night.  Hence, IR satellite 
images of the planet can be taken at any time whereas 
visible satellite images are useful only during daylight 
hours.  Most IR signals can be calibrated to give the 
temperature of objects in the sensor’s field of view.  This 
is because the intensity of IR emitted by an object 
depends on the temperature of the object; that is, 
relatively warm objects emit more intense IR than do 
relatively cold objects.  Within the part of the 
atmosphere where most clouds occur, the air temperature 
drops with increasing altitude.  Hence, low clouds are 
warmer than high clouds and emit more intense IR 
radiation.  Temperatures obtained in this way are 
calibrated on a color scale through computer 
enhancement so that, for example, reds and oranges may 
represent high temperatures and blues and violets 
represent low temperatures.  Alternately, a gray scale is 
used so that the brightest white indicates the lowest 
temperature. 
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 Water vapor satellite imagery is a valuable tool 
in weather analysis and forecasting.  Because it is an 
invisible gas, water vapor does not appear on visible 
satellite images.   However, water vapor is an efficient 
absorber and emitter of infrared radiation (at certain 
wavelength bands) so that IR sensors aboard weather 
satellites can detect water vapor.  Water vapor imagery 
displays the water vapor concentration between altitudes 
of about 5000 and 12,000 m (16,000 and 40,000 ft) on a 
gray scale.   At one extreme, black indicates little or no 
water vapor whereas at the other extreme, milky white 
indicates relatively high concentrations of water vapor.  
Clouds appear as bright white blotches on water vapor 
satellite images. 
 Another routine component of televised and 
Internet weather reports is weather radar.  A radar unit 
continually emits a microwave signal that is reflected by 
rain, snow, or hail.  The reflected signal (a radar echo) is 
displayed on a television-type screen.  The heavier the 
precipitation, the more intense is the echo.  Echo intensity 
is represented by a color scale on which light green 
indicates light precipitation and dark red indicates heavy 
precipitation.  From analysis of radar echoes, meteor-
ologists can assess the intensity of thunderstorms, track the 
movement of areas of precipitation, and predict when 
precipitation is likely to begin or end in a particular area. 
 Weather radar also detects the movement of 
raindrops and hailstones within a storm system.  Using 
the same principle that is the basis of instruments that 
monitor the speed of a pitched baseball (the Doppler 
effect), weather radar determines the circulation within a 
storm system.  Doppler radar enables meteorologists to 
detect the development of a tornado before it touches the 
ground and to provide the public with advance warning 
of a severe weather system. 
 
 

Sky Watching 

 
At this beginning stage in our study of the atmosphere 
and weather, it is also a good idea to develop the habit of 
observing the sky, watching for changes in clouds and 
cloud cover.  Sky watching makes us more aware of the 
dynamic nature of the atmosphere and may reveal clues 
to future weather.  Here are some things to watch for: 
1. Clouds are aggregates of tiny water droplets, ice 

crystals, or some combination of both.  Ice-crystal 
clouds occur at high altitudes where air temperatures 
are relatively low and they have a fibrous or wispy 

appearance).  Water-droplet clouds occur at lower 
altitudes where temperatures are higher and their 
edges are more sharply defined. 

2. A cloud that is very near or actually in contact with 
Earth’s surface is fog.  By convention, fog is a 
suspension of tiny water droplets or ice crystals that 
reduces visibility to less than 1.0 km (5/8 of a mile). 

3. Some clouds form horizontal layers (stratiform 
clouds) whereas others are puffy (cumuliform clouds).  
Stratiform clouds develop where air ascends gently 
over a broad region whereas cumuliform clouds are 
produced by more vigorous ascent of air over a much 
smaller area.  Often stratiform clouds develop ahead 
of a warm front and cumuliform clouds, especially 
those having great vertical development, form along 
or just ahead of a cold front. 

4. Arrival of high, thin clouds in the western sky is 
often the first sign of an approaching warm front.  In 
time, clouds gradually lower and thicken so that 
eventually they block out the sun during the day or 
the moon at night. 

5. The day may begin clear but after several hours of 
bright sunshine, small white clouds appear, 
resembling puffs of cotton floating in the sky.  
These are fair-weather cumulus clouds that usually 
vaporize rapidly near sunset. 

6. During certain atmospheric conditions, cumulus 
clouds build vertically and merge laterally, 
eventually forming a thunderstorm cloud, called a 
cumulonimbus cloud.  Intense cumulonimbus clouds 
can produce severe weather including frequent 
lightning, torrential rains, hail, strong and gusty 
winds, and even tornadoes. 

7. Clouds at different altitudes sometimes move 
horizontally in different directions.  Because clouds 
move with the wind, this observation indicates that 
the horizontal wind shifts direction with increasing 
altitude. 

 
 

Conclusions 

 
We can learn much about the atmosphere and weather by 
keeping track of local, regional, and national weather 
patterns via the Internet, television, radio, and 
newspapers.  Weather maps, satellite images, and radar 
displays are particularly valuable in following the 
development and movement of weather systems.  In 
addition, we are well advised to develop the habit of 
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watching the sky for changing conditions and to monitor 
weather instruments if they are available.  In this way, 
we are able to get involved with weather study and what 
we learn becomes more meaningful and practical.  
Activities to aid our study of the atmosphere, weather, 
and climate follow in this booklet. 



Investigation A: 
AIR TEMPERATURE PATTERNS 

 
Driving Questions:  What is the outdoor temperature?  What clothes should we wear?  What 

is the weather, including temperature, going to be?  Should we go 
ahead with our planned outdoor activity?  Should we make that trip 
today?  Is it warmer or colder in other parts of the country? 

 
Educational Outcomes:  The analysis of temperatures reported on weather maps can help 
us answer these and other weather-related questions.  The patterns of temperature revealed by 
isotherm analysis show regions where temperatures are relatively high and low, and where 
temperature changes from place to place are dramatic or gradual over short distances. 
 
After completing this activity, you should be able to: 
 
 Draw lines of equal temperature (isotherms) to show the pattern of temperatures across the 

nation at map time. 
 Locate regions of relatively high and low temperatures on the same map. 
 
Investigations: 
 
1. Temperature patterns are found on weather maps by drawing lines representing certain 

temperatures.  These lines are called isotherms because every point on the same line has the 
same temperature value.  Each isotherm separates temperatures having higher values than the 
line from temperatures having lower values. 

 
The following map shows temperatures in degrees Fahrenheit at various locations.  Assume 
each number centers on the location it represents.   The 60-°F isotherm has been drawn and 
labeled.  The 50-°F isotherm has been started near the lower map edge.  Complete the 50-°F 
isotherm.  Then, draw the 40, 30, and 20-°F isotherms.  Be sure to label each isotherm at 
both ends. 

 
2. Isotherms are drawn at regular intervals.  An interval is the difference in temperature value 

from one isotherm to the next.  On this map, the interval is [(5)(10)(20)(30)] Fahrenheit 
degrees. 

 
3. Your temperature analysis reveals a pattern generally showing a decrease in temperature 

from the [(northeast to southwest)(northwest to southeast)(southeast to northwest)]. 
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4. The accompanying DataStreme Atmosphere map of Temperatures shows temperatures for a 

particular time on 4 March 2010.  The 30 and 40 Fahrenheit-degree isotherms have already 
been drawn.  Complete the temperature analysis across the country by drawing the 50-, 60-
and 70-degree isotherms over the US. 

 
5. On this map the temperature pattern is dominated by relatively low temperatures in the 

[(northern Plains)(Gulf Coast)] States and warm temperatures in the [(northern Plains) 
(Gulf Coast)] States. 

 
6. If possible, go to the DataStreme Atmosphere website 

(http://www.ametsoc.org/amsedu/dstreme/) and under the Surface section, click on the 
Temperatures link to obtain the latest map of temperatures across the US.  The date of the 
map you have is ______________.  Analyze the temperature field on the map by drawing 
isotherms.  Describe the general temperature pattern revealed by your temperature analysis. 

 
You can check your temperature analysis by comparing it to that done by computer based on a 
more complete set of values.  The computer-analyzed temperature map is provided by the 
adjoining Isotherms & Temperatures link. 

 

 A - 2 

http://www.ametsoc.org/amsedu/dstreme/


Tips on Drawing Isotherms: 
 
 -  a. Always draw an isotherm to keep temperatures higher than its value consistently to one 

side and lower temperatures to the other side. 
 -  b. Assume a steady temperature change between neighboring stations when positioning 

isotherms, that is, use interpolation to place isotherms. 
 -  c. Adjacent isotherms tend to look alike.  The isotherm you are drawing will often follow in a 

general way the curves of its neighbor because changes in air temperature from place to 
place are usually (but not always) gradual. 

 -  d. Continue drawing an isotherm until it reaches the boundary of plotted data or "closes" by 
making its way to its other end and completing a loop. 

 -  e. Isotherms can never be open ended within a data field, and they can never touch, cross, or 
fork. 

 -  f. Isotherms cannot be skipped if their values fall within the range of temperatures reported 
on the map.  Isotherms must always appear in sequence; for example, there must always be 
an 50-degree isotherm between 40- and 60-degree lines. 

 -  g Only isotherms that fall within the range of temperatures reported on the map are drawn.  
For example, if a 60-degree temperature were the highest reported, a 60-degree isotherm 
would not be drawn. 

 -  h. Isotherms should be labeled with their values. 
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Investigation B: 
AIR PRESSURE PATTERNS 

 
Driving Questions:  What is our weather, fair or stormy?  When will it change?  What 

weather is headed our way? 
 
Educational Outcomes:  Patterns of air pressure help us describe our current and forecasted 
weather.  Air pressure is determined by the weight of the overlying air, and it varies from place 
to place and over time.  Pressure variations bring about atmospheric motions that set the stage 
for much of the weather we experience.  Knowing the patterns of pressure across the country is 
basic to understanding what the weather is and what it is likely to be wherever we live. 
 
After completing this activity, you should be able to: 
 
 Draw lines of equal pressure (isobars) to show the pattern of air pressures across the nation at 

map time. 
 Locate regions of relatively high and low air pressures on the same map. 
 
Investigations: 
 
Air pressure at any point on the Earth’s surface or in the atmosphere is equal to the weight per 
unit area of the atmosphere above that point.  This means that air pressure drops with increasing 
altitude.  Hence, the higher the elevation of the Earth’s surface, the less air above and the lower 
the air pressure. 
 
Air pressures routinely reported on surface weather maps are values "corrected" to sea-level.  
That is, air pressure readings are adjusted to what they would be if the reporting station were 
actually located at sea-level.  Adjustment of air pressure readings to the same elevation (sea-
level) removes the influence of the Earth’s relief (topography) on air pressure readings.  This 
adjustment allows comparisons of horizontal pressure differences that can lead to the recognition 
of pressure patterns.  These patterns reveal existing broad-scale pressure areas which have a 
major influence on the weather. 
 
Horizontal air pressure patterns on a weather map are revealed by drawing lines representing 
equal pressure.  These lines are called isobars because every point on the same line has the same 
air pressure value.  Each isobar separates stations reporting pressure values higher than the 
isobar from stations reporting pressure values lower than the isobar. 
 
1. The surface pressure map that follows shows air pressure in millibar (mb) units at various 

locations.  Each number centers on the location it represents.  The lowest plotted pressure is 
1022 mb and the highest plotted value is [(1027)(1045)(1046)] mb. 

 
2. The 1024-mb and 1028-mb isobars have been drawn.  Complete the pressure analysis by 

drawing the 1032-, 1036-, 1040- and 1044-mb isobars.  Label each completed isobar by 
writing the appropriate pressure value at its ends as shown. 
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3. By convention, isobars on surface weather maps are usually drawn using the same interval 

(the difference in air pressure value from one isobar to the next) as that used on this map.  
The isobar interval is _____ mb.  The isobar interval is selected so as to provide the most 
useful resolution of the field of data; too small an interval will clutter the map with too many 
lines and too great an interval will mean too few lines to adequately define the pattern. 

 
4. Also by U.S. convention, isobars drawn on surface weather maps are a series of values that, 

when divided by 4, produce whole numbers (e.g., 1000 ÷ 4 = 250).  The progression of 
isobaric values can be found by adding 4 sequentially to 1000 and/or subtracting 4 
sequentially from 1000 until the full range of pressures reported on the map can be evaluated.  
Which of the following numbers would not fit such a sequence of isobar values:  
[(996)(1000)(1004)(1008)(1010)(1012)]? 

 
5. The following DataStreme Atmosphere map of Pressures shows air pressures for a particular 

time on 18 January 2009.  The lowest plotted air pressure on the map is 
[(1002)(1004)(1007)] mb in the lower peninsula of Michigan. 

 
6. The highest reported pressure is 1043 mb in [(Dallas, TX)(Missoula, MT)]. 
 
7. The map analysis utilizing the conventional 4-mb interval between isobars will require the 

drawing of isobars ranging from 1008 mb to [(1040)(1042)(1044)] mb.  Note that although 
the lowest pressure on this particular map actually has the same value as an isobar that fits 
the interval series, the isobar is not being drawn as it occurs at a single point and there are no 
pressures less than its value reported.  Also, more than one isobar having the same value 
(e.g., 1028 mb) will appear in a complete analysis of the pressures reported on the map.  The 
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isobaric patterns across the western quarter of the U.S. and covering parts of Florida, Georgia 
and South Carolina have already been drawn. 

 
8. Arbitrarily we might start by completing the 1040-mb isobar, the last of the series.  In 

addition to those the isobar goes through, the value of "1040" also appears in western 
Montana.  The two ends of this isobar will connect to surround the highest pressure reading.  
Note that this isobar has been labeled with its value, 1040, on the isobar line.  Place a bold H 
over the highest, enclosed pressure reading.  Plotted pressure values outside of this closed 
isobar are [(less than)(equal to)(greater than)] 1040. 

 
Continue drawing and labeling isobars by extending the ends of the already drawn isobar 
segments where they existed within the data pattern.  Then add isobars where appropriate in the 
rest of the country until all those in the range of pressures indicated in Item 7 above have been 
properly placed.  Note that isobars with the same values as some of those drawn in the western 
U.S. appear elsewhere on the map.  As was shown across the West, label your isobars with their 
values at the ends that extend just beyond the data field or on the enclosing line as needed.  
Complete your pressure analysis by placing a bold L where the lowest pressure value was 
enclosed by an isobar and a bold H in the center of the closed 1028-mb isobar in the southeast. 
 
9. If possible, go to the DataStreme Atmosphere website 

(http://www.ametsoc.org/amsedu/dstreme/) and under the Surface section, click on the 
Pressures link to obtain the latest map of pressures across the US.  The date of the map you 
have is ______________.  Analyze the pressure field on the map by drawing isobars.  
Describe the general pressure pattern revealed by your isobaric analysis. 

 
You can check your temperature analysis by comparing it to that done by computer based on a 
more complete set of values.  The computer-analyzed pressure map is provided by the 
adjoining Isobars & Pressures link. 

 
Tips on Drawing Isobars: 
 
 -  a. Always draw an isobar so that air pressure readings greater than the isobar's value are 

consistently on one side of the isobar and lower values are on the other side. 
 -  b. When positioning isobars, assume a steady pressure change between neighboring stations.  

For example, a 1012-mb isobar would be drawn between 1013 and 1010 about one-third 
the way from 1013. 

 -  c. Adjacent isobars tend to look alike.  The isobar you are drawing will generally parallel the 
curves of its neighbors because horizontal changes in air pressure from place to place are 
usually gradual. 

 -  d. Continue drawing an isobar until it reaches the boundary of the plotted data or "closes" to 
form a loop by making its way to its starting point. 

 -  e. Isobars never stop or end within a data field, and they never fork, touch or cross one 
another. 

 -  f. Isobars cannot be skipped if their values fall within the range of air pressures reported on 
the map.  Isobars must always appear in sequence; for example, there must always be a 
1000-mb isobar between the 996-mb and 1004-mb isobars. 
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 -  g. Only isobars that fall within the range of pressures reported on the map are drawn.  For 
example, if a 1028-mb pressure were the highest reported, a 1028-mb isobar would not be 
drawn. 

 -  h. Always label all isobars. 
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Investigation C: 
INTERPRETING SURFACE WEATHER MAPS 

 
Driving Questions:  What is the weather now?  What is the weather going to be in the next 

few hours? 
 
Educational Outcomes:  Weather is the state of the atmosphere at a particular time and 
place, mainly with respect to its impact upon life and human activity.  It is defined by the various 
weather elements including air temperature, humidity, cloudiness, precipitation, visibility, air 
pressure, and wind speed and direction.  The surface weather map is a useful tool for depicting 
weather conditions over broad areas. 
 
After completing this activity, you should be able to: 
 
 Decode the symbols appearing on a surface weather map and describe weather conditions at 

various locations on the map. 
 Identify fronts appearing on the map, the weather differences likely to be occurring on either 

side of a front, and the motions of  fronts. 
 Describe general relationships between wind patterns and the high and low air pressure 

centers shown on weather maps. 
 
Investigations: 
 
1. Examine the surface weather map presented in Figure 1 of the narrative section of this guide.  

The weather map symbols shown are those commonly seen on television and in newspapers.  
The H’s and L’s identify centers of relatively high or low air pressure compared to their 
surroundings.  Moving outward horizontally from the L located in lower Michigan, air 
pressure [(increases)(decreases)].  Moving outward horizontally from the H positioned in 
Texas, air pressure [(increases)(decreases)]. 

 
2. The thick curved lines on the map are air mass boundaries.  In the atmosphere, broad expanses 

of air with generally uniform temperature, humidity, and density come in contact with other 
masses of air having different temperature, humidity, and density.  Because air masses of 
different densities do not readily mix, the boundaries separating air masses tend to remain 
distinct.  These boundaries, called fronts, typically separate warm and cold air.  The leading 
edge of advancing cold air is a cold front and , as shown in the lower part of Figure 1, is 
signified by spike symbols which are pointing in the direction toward which the cold front is 
moving.  The leading edge of advancing warm air is a warm front and is signified by semi-
circles on the side of the front’s movement.  The front in the Southeastern US is a [(cold) 
(warm)] front. According to the map, persons living in South Carolina can expect [(colder) 
(warmer)] weather after the front passes. 

 
3. Precipitation is depicted on maps by a variety of symbols including dots or periods for [(rain) 

(snow)], stars or asterisks for [(rain)(snow)], horizontal lines for ______, and the symbol 
____ for thunderstorms. 
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Some weather maps display weather conditions at individual weather stations by the use of a 
station model.  One such model is shown in the course website’s User’s Guide termed the 
Surface Station Model.  Refer to that and related explanations of map symbols to interpret the 
plotted weather data in the red box of the map to the right below: 
 
4. Temperature: [(52)(54)(55)] F. 

 

 
5. Dewpoint: [(52)(54)(55)] F. 

 
6. Wind direction is shown by the "arrow" shaft 

drawn into the circle representing the station.  
North is to the top on the map and east is to the 
right.  Wind is always named for the direction from 
which it blows.  In the above depiction, the wind 
direction is from the 
[(northwest)(southwest)(south)]. 

 
7. Wind speed is rounded off to the nearest 5 knots (1 knot equals 1.2 miles per hour) and is 

symbolized by “feathers” drawn on the clockwise side of the wind-direction shaft.  A full 
feather represents 10 knots and half feather indicates 5 knots.  A pennant flag indicates 50 
knots.  A wind-direction shaft without feathers depicts a 1-to-2 knot wind and a circle drawn 
around the station circle signifies calm conditions.  In this case, the reported wind speed is 
[(1-2)(5)(10)(50)] knots. 

 
8. Air pressure (adjusted to sea level) is reported in the station model as a coded number to the 

nearest tenth of a millibar (mb).  To decipher the plotted pressure value, first place a 
decimal point between the second and third numbers from the left.  Then add either a "9" or 
"10" to the left so that the resulting number falls within the range of air pressures that could 
occur at sea level (almost always between 960 mb and 1050 mb).  For example, a plotted 
value of 126 represents 1012.6 mb and 863 denotes 986.3 mb.  The air pressure reported 
above is [(919.0)(1009.19)(1019.0)] mb. 

 
9. Sky cover is reported inside the station circle and is expressed as a number of eighths or 

other descriptors (scattered, broken, overcast, obscured).  As examples, an empty circle 
indicates no clouds, and a half-shaded circle means four-eighths of the sky is cloud-covered.  
According to the User’s Guide, Extras, Weather Map Symbols, the reported cloud cover is 
[(5/8)(7/8)(broken)]. 

 
10. Current weather is plotted at the "9 o’clock" position on the station model (to the left of the 

station circle) using a variety of symbols representing the particular weather conditions.  
According to the User’s Guide, Extras, Map Symbols, the reported current weather is 
[(rain)(drizzle)(snow)]. 

 
11. If possible, go to the DataStreme Atmosphere website 

(http://www.ametsoc.org/amsedu/dstreme/) and under the Surface section, click on the U.S. 
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- Data link to obtain the latest map showing station models of weather conditions across the 
US.  The date of the map you have is ______________.  Select several stations and decipher 
their station model information.  Describe the general pattern of weather conditions revealed 
by your station model analyses. 
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Investigation D: 
HIGHS, LOWS, AND WINDS 

 
Driving Question:  Is there a relationship between winds and pressure patterns? 
 
Educational Outcomes:  Air moves in response to differences in air pressure.  Whenever 
and wherever the air pressure changes from one place to another along the horizontal, the wind 
tends to blow from where the air pressure is relatively high to where the air pressure is relatively 
low.  Once air is in motion, its speed and direction may be influenced by the rotation of the Earth 
and/or contact with the Earth's surface. 
 
After completing this activity, you should be able to: 
 
 Describe the relationship between the pattern of isobars on a surface weather map and the 

direction of surface winds. 
 Apply the "hand-twist" model of wind direction to the circulation in actual highs and lows. 
 
Investigations: 
 
Circulation in Highs and Lows can be demonstrated by using a “hand-twist” model.  Explore and 
apply the model as follows. 
 
1. Turn to Figure 1: High.  Lightly draw a circle an inch or so in diameter around the large "H" 

appearing on the map. 
 
2. Place the map flat on your desk.  If possible, stand up.  (This exercise works better standing 

up.)  Bring the thumb and fingertips of your left hand (if you are right-handed) or your right 
hand (if you are left-handed) close together and place them on the circle you drew. 

 
3. Rotate your hand slowly clockwise, as seen from above, and gradually spread out your thumb 

and fingertips as your hand turns.  Do not rotate the map.  Practice this motion until you 
achieve as full a twist as you can comfortably. 

 
4. Place your thumb and fingertips back in the starting position on the circle.  Mark and label the 

positions of your thumb and fingertips 1, 2, 3, 4, and 5, respectively. 
 
5. Slowly rotate your hand clockwise while gradually spreading your thumb and fingertips.  Go 

through about a quarter of your twisting motion.  Stop, mark, and label (1 through 5) the 
positions of your thumb and fingertips on the map.  Follow the same procedure in quarter 
steps until you complete a full twist. 
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6. Connect the successive numbers for each finger and your thumb using a smooth curved line.  
Place arrow heads on the lines to show the directions your thumb and fingertips moved. 

 
7. The spirals represent the general flow of surface winds that occurs in a typical high pressure 

system. 
 
8. Now turn to Figure 2: Low.  Lightly draw a circle an inch or so in diameter around the large 

"L" shown on the map. 
 
9. Again, if possible, stand up.  Place your non-writing hand flat on the map with your palm 

covering the circle. 
 
10. Practice rotating your hand counterclockwise as seen from above while gradually pulling in 

your thumb and fingertips as your hand turns until they touch the circle.  Do not rotate the 
map.  Practice until you achieve a maximum twist with ease. 

 
11. Place your hand back in the spread position on the map.  Mark and label the positions of your 

thumb and fingertips 1, 2, 3, 4, and 5, respectively. 
 
12. Slowly rotate your hand counterclockwise while gradually drawing in your thumb and 

fingertips.  Stopping after quarter turns, mark and label (1 through 5) the positions of your 
thumb and fingertips.  Continue the twist until your thumb and fingertips are on the circle. 

 
13. Connect the successive numbers for each finger and your thumb using a smooth curved line.  

Place arrow heads on the lines to show the directions your fingertips and thumb moved. 
 
14. The spirals represent the general flow of surface air that occurs in a typical low pressure 

system. 
 
15. Which of the following best describes the surface wind circulation around the center of a 

high pressure system (as seen from above)? 
 a) counterclockwise and spiraling outward 
 b) counterclockwise and spiraling inward 
 c) clockwise and spiraling outward 
 d) clockwise and spiraling inward 
 
16. Which of the following best describes the surface wind circulation around the center of a low 

pressure system (as seen from above)? 
 a) counterclockwise and spiraling outward 
 b) counterclockwise and spiraling inward 
 c) clockwise and spiraling outward 
 d) clockwise and spiraling inward 
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17. On your desk, repeat the hand twists for the high and low pressure system models.  Note the 
vertical motions of the palm of your hand.  For the high, the palm of your hand [(rises) 
(falls)] during the rotating motion, whereas for the low, the palm of your hand [(rises)(falls)] 
during the rotating motion. 

 
18. The motions of your palms during these rotations represent the directions of vertical air 

motions in highs and lows.  Vertical motion in a high is [(upward)(downward)] whereas 
vertical motion in a low is [(upward)(downward)]. 

 
19. In a high pressure system, air flows 
 a) downward and outward in a clockwise spiral. 
 b) downward and inward in a counterclockwise spiral. 
 c) upward and outward in a clockwise spiral. 
 d) upward and inward in a counterclockwise spiral. 
 
20. In a low pressure system, air flows 
 a) downward and outward in a clockwise spiral. 
 b) downward and inward in a counterclockwise spiral. 
 c) upward and outward in a clockwise spiral. 
 d) upward and inward in a counterclockwise spiral. 
 
21. The accompanying DataStreme Atmosphere surface map (Isobars, Fronts, Radar & Data) 

map shows high and low pressure centers, fronts and areas of precipitation for a particular 
time on 3 March 2009.  Compare your hand-twist model of the High to the High shown in 
the east-central US.  Are the wind directions from your hand-twist model consistent with the 
directions of winds shown by the station model wind barbs in the east-central US?  [(Yes) 
(No)] 

 
22. To the west of the High on the map, the wind directions are generally from the [(north) 

(south)].  Wind flow directions to the east and southeast of the High are generally from the 
[(north)(south)]. 

 
23. If possible, go to the DataStreme Atmosphere website 

(http://www.ametsoc.org/amsedu/dstreme/) and under the Surface section, click on the 
Isobars, Fronts, Radar & Data link to obtain the latest analyzed map of weather conditions 
and systems across the US.  The date of the map you have is ______________.  Describe the 
general wind flow pattern as shown by the winds and compare to that expected by your 
model-derived winds. 
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