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Chapter 1: Introduction
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The nature of meteorology


Meteorology is both an activity and a body of knowledge.  As an activity, it is the process of asking questions about the earth’s atmosphere and explaining and predicting its behavior. Those who study weather (meteorologists) and climate (climatologists) explain and predict using the method outlined in Figure 1.1 and described in the following way....

Posing problems - This process begins when someone notices something about a physical object or process that provokes a question that can be answered by making other observations.  

Formulating hypotheses - Sometimes defined as making an “educated guess”, a hypothesis is a preliminary answer to the initial question.  Posing a problem and formulating a hypothesis are critical first steps in doing any kind of investigation, since they provide you with a reason and focus for any investigative work you might do. 

Testing hypotheses via literature searches, fieldwork, experiments, and simulations:
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A literature search means finding out what others have found out about the problem that you are interested in.  Reading related books, magazines, or journals, searching the Internet, or even interviewing other researchers is how this is accomplished.  When testing a hypothesis always start with a literature search since it helps you avoid “reinventing the wheel” and gives you insight into what other tests to run (See the list on the following page for recommended resources appropriate to college non science majors).  



Fieldwork is the process of observing the structure and/or behavior of objects in their natural setting.  In meteorology, observing and measuring atmospheric conditions for a selected location at a specific time (weather) is a common means of doing fieldwork.  As you will discover in the lab at the end of this chapter, fieldwork involves clearly identifying what you will observe, determining how you will observe it, and then carefully recording your observations.  



In contrast to fieldwork, performing an experiment means isolating something from its natural setting to give you more control over its behavior.  For instance, the relationship between air temperature and humidity (the amount of water vapor in the air) can be determined by watching a thermometer and a hygrometer (device for measuring humidity) placed on your back porch.  However, since you are observing the behavior of air in its natural setting, wind, sun or shade, or other factors can complicate what you observe.  To eliminate these other factors put both devices into a sealed jar full of air and place the jar next to a heat lamp.  By doing so you have created a situation in which you have only one variable (temperature) and one outcome (humidity). 


A simulation is an experiment in which the structure or behavior of an objected is modeled either physically or mathematically.  An example of a physical model is a lab activity in this manual that uses a water-filled dish to simulate the movement of air in the northern hemisphere (chapter 6).  

On the other hand, a mathematical model of this same airflow would uses a series of equations to describe the direction, speed, and temperature of moving air.  By constructing a computer program containing these equations, these airflows could be shown graphically more accurately than could be shown by the previous physical model.  Because of their predictive capabilities, mathematical models are heavily used for weather and climate forecasting.

Formulating theories:


At some point after doing a literature search, fieldwork, experiments, or constructing simulations, you must rewrite your original hypothesis in the light of what you have found out.  It is important when writing your theory to remember that the test of a good theory is how consistent it is with all available observations, how much it can explain, and what it can predict.  However, also remember that theories are not facts, they are reasonable explanations based on all the available evidence.   Consequently, there is no such thing as a perfect theory and all theories are subject to change as we discover more about our universe.

Communicating:



Despite a popular misconception of scientists as asocial beings, “doing science” is a highly social activity.  What we know about the universe grows only when researchers communicate their results and ideas to rest of society.  By communicating their work to other researchers, the validity of what they have found out is tested and they provide information for additional research.  By communicating their work to the general public, researchers provide information which may be socially, economically, or politically useful.  Furthermore, the results of research often provide us with new insight into the working of the universe and our place within it.  



How this communication takes place occurs in a number of different ways.  Professional researchers often communicate with each other by summarizing their research in journal articles, talks at conferences, posters presented at professional conferences, or by publishing on the Internet.  Some researchers communicate with the general public by giving talks at open invitation events, being interviewed by media representatives, or writing for nonprofessional publications.   Consequently, effective communicators in the sciences are those with good speaking, writing, and often time’s artistic skills.  By doing the work outlined in this manual you will be called upon to develop all of these skills.  As you do so there are several guidelines to keep in mind.  First, always identify the problem you are presenting.  Second, be organized and clear in your communication. Think of communication as throwing a pot.  Most potters reshape a pot several times before they are happy with it.  Good communicators reshape what they are writing or saying several times before presenting it to their audience. Third, don’t force your audience to fill in the gaps.  In other words be complete while being brief, use complete sentences, label diagrams, and show your work when doing math problems. Finally, make sure that your audience has the information you had access to in doing your research.  Often times this means including a bibliography with papers that you write or posters that you put together. 

 
As a body of knowledge, meteorology is the collected experience of people throughout human history who have attempted to understand, predict, and even control the atmosphere.  As such meteorology is springboard for seeking new knowledge rather than a final, flawless product.   Since many of you who are reading this manual are either college non-science majors or meteorological novices it is important to note that nonprofessionals are also involved in meteorology.  Amateurs and lay people alike have made important contributions to the sciences.  For instance, retired meteorologist, Alan Watts in his book the Weather Handbook states “there is still room for the would-be lay forecaster to refine the official story (professional weather forecast) and maybe get it more accurate...”.  Ironically enough, this has become even truer during our era of “high-tech” since amateurs can obtain and use professional grade weather stations, transmit this data to others via the Internet, and easily obtain official forecasts, weather maps, and satellite images from the World Wide Web.  The list on the following page is dedicated to helping you find relevant weather and climate information and explore the world of amateur and professional meteorology and climatology.

A brief listing of meteorological resources 
Books
· Abrams, C.; Meteorology Today; 1994; West Publishing

· Adams, C.; Nature’s Electricity; 1987; Tab Books

· Baker, T.; Weather in the Lab; 1993; Tab Books

· Barry, R.G., Chorley, R.J.; Atmosphere, Weather, and Climate; 1971; Methuen & Co Ltd

· Bohren, C.F.; Clouds in a Glass of Beer; 1987; John Wiley & Sons Inc.

· Burnett, R.W./ Lehr P.E./ Zim, H.S.; Weather; 1975; Golden Press

· Calder, N.; The Weather Machine; 1987; Viking Press, Inc.

· Day, J.A./ Schaefer, V.J.; Atmosphere (Peterson Field Guides); 1981; Houghton Mifflin

· DeMillo, R.; How Weather Works; 1994; Ziff-Davis Press

· Dunlop, S./ Wilson, F.; Weather and Forecasting ; 1982; MacMillan Publishing Co.  Lockhart, G.; Weather Companion; 1988; John Wiley & Sons Inc.

· Lutgen, F./  Tarbuck, E.;  Atmosphere; 1995;  Prentice Hall

· Moran, J./ Morgan, M.; Meteorology; 1991; MacMillan Publishing Co.

· Ramsey, D.; Weathering Forecasting  - A Young Meteorologists Guide; 1990; Tab Books

· Renner, J.; Northwest Mountain Weather; 1992; The Mountaineers

· Reifsnyder, W.F.; Weathering the Wilderness; 1980; Sierra Club Books

· Wagner, R./ Adler, B. ; Weather Sourcebook; 1994; Globe Perquot Press

· Watts, A.; Reading the Weather; 1987; Dodd Mead & Company

· Watts, A.; The Weather Handbook; 1999; Sheridan House

· Williams, Jack; The Weather Book; 1992; USA Today

Magazines
· Discover

· Scientific American

· Weatherwise
Basic ideas about the atmosphere and weather
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The photo of an earthrise on your right (fig. 1.2) shows a bright, multicolored earth rising over a barren moonscape with an empty black sky in the background. Here we see a rocky sphere largely covered by water that is shielded from the extremes of space by a thin layer of gas.   A closer view of the earth (the lower half of fig. 1.2) reveals that most of this layer, the atmosphere, lies a few kilometers about the surface.  Most of this atmosphere is made up of nitrogen (N2) and oxygen (O2) with small amounts of other gases such as water vapor (H20), carbon dioxide (CO2), and ozone (O3).  Suspended in it are clouds of liquid water and ice crystals as well as minute particles of dust and ash.  Data gathered by ground observations, weather balloons, satellites, and aircraft show that the atmosphere is layered, with each layer having its own unique composition and physical properties.  The thinnest, lowest, and yet most massive of these layers, the troposphere, is the layer of most interest to us humans since it is the layer we live in and the site of most of what we experience as weather.   

One definition for weather is the movement of air and water within the atmosphere that is driven by gravity and energy from the sun.  As radiant energy (light and light-like energy) from the sun enters the atmosphere some of it is reflected back into space by clouds, dust, or gases, while a smaller fraction is absorbed by other gases (fig. 1.3). However, most the incoming energy strikes the earth’s surface where a some is reflected into space, while a still larger fraction is absorbed by soil, rock, vegetation, and water.  Radiant energy absorbed at the surface or in the atmosphere becomes heat energy producing large differences in temperature at the surface and between different layers in the atmosphere.  These differences in temperature produce differences in air pressure that cause air to move from areas of high pressure to areas of low pressure (a process called atmospheric circulation).   The Energy absorbed by water also results in evaporation, which begins the process of cycling water between the surface into the atmosphere (the hydrologic cycle).   Eventually all of this heat energy is converted into another form of radiant energy (infrared) that flows back out into space, thus maintaining a balance between incoming and outgoing energy. 

Weather, climate, and weather systems
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Weather is also defined as the condition of the atmosphere at a particular time and place.   

As such it is described in terms of specific attributes or elements (air temperature, pressure, humidity, etc.) that can be observed and measured.  If we measure these elements over an extended period of time we can determine the “typical weather” or climate for a particular area.  By determining the climate of this area we can also determine what kind of weather to expect at different times of the year, how the weather has changed over decades or centuries, and what extreme weather (storms or droughts) we might expect for this place.  The development and movement of weather systems determine the weather and climate for a particular area.  A weather system is a mass of weather organized into a recognizable and understandable arrangement (Watts, 1999).  Weather systems include hurricanes, snowstorms, droughts, and even fair weather.  The satellite image on your left (fig. 1.4) shows a mid-latitude cyclone approaching the Pacific Northwest.  This kind of storm is a frequent event here in Pacific Northwest that brings with it rainy and sometimes-snowy winter weather.  




Observational Meteorology


Accurately forecasting the weather and predicting climate change depends on having abundant climate records and a means of quickly and easily tracking weather systems.  To compile climate records, atmospheric conditions at fixed locations are recorded several times each day by landed-based weather stations and stations anchored in the ocean.  To track weather systems, changing conditions recorded by fixed stations, as well as additional data from roving stations (aircraft, ships, and balloons) is mapped to track changing weather associated with the movement of these systems. While data from fixed and roving stations can give us a reasonable picture of weather system movement, the most accurate tracking is done using imagery from artificial satellites.  In addition to providing us with a large scale picture of the atmosphere, satellite imaging systems also provide us with ability to “see in the dark” meaning that weather systems can even be seen at night.   One added extra to using satellites to observe the weather is that new imaging systems can even provide general information about specific weather elements (temperature, humidity, wind speed) in areas where weather stations do not exist.  Despite the advantages of satellite technology, much of weather observing is done from weather stations in fixed locations.  Weather stations are often located at airports or other locations where specific, highly localized weather information is needed.  Gathering such information is beyond the capabilities of current satellite imaging systems.   


Observing the weather from a ground-based station involves observing general conditions and measuring specific weather elements on a regular basis.  Observations can be made either qualitatively or quantitatively depending on the time and tools available to the observer.  A qualitative description is one that appears without measurements, for instance “temperature - warm”.  A quantitative description, on the other hand, is an observation that is expressed as a measurement, for instance “temperature - 20°C (68°F).   Qualitative observations are made when an observer has little or no equipment available to him or her.  Frequently, qualitative observations are expressed as estimates based on visual clues.  For example, wind speed can be estimated by watching the movement of trees or flags.  Though qualitative descriptions are useful in giving the people reading a weather report a general sense of the conditions appearing at a station, they communicate very little information and are frequently inaccurate due to their subjectivity.  Quantitative descriptions are numerically specific and therefore more informative.   Making a quantitative description, however, requires that a station has the necessary equipment to make the measurements and that the measurements are expressed in commonly agreed upon units.  The lab at the end of this chapter will introduce you to the problems of siting a weather station and making qualitative observations.  Chapters 2 through 5 will show you how to make quantitative measurements using simple tools that can be easily purchased or made for at home use.


In the United States observing the weather requires being familiar with both the English Standard and Metric Systems.  Most of us are familiar with the English Standard system, since it is the system of measurement most commonly using in this country.  However, in the sciences and throughout most of the world, metric is the system of choice. You have undoubtedly noticed by now, metric is also the measuring system used in this manual.  The major reason for this is its simplicity and the fact that it is in such common use around the world.  The metric system begins by defining fundamental units for length, volume, mass, and several other quantities.  Either dividing or multiplying them by 10 creates smaller or larger divisions of these basic units.  A prefix is then added to the name of the basic unit.  For example, the basic unit of length in the metric system is the meter.  Road distances in other countries are often measured in kilometers.  Each kilometer equals exactly 1000 meters.  The prefix kilo- means 1000.  Compare this to English standard where 12 inches = 1 foot, 3 feet = 1 yard, 5280 feet = 1 mile.     

Major metric units

Length 
Meter (m)


1m   = 3.28 feet (ft)




To convert from ft. to m.
length in m. = length in ft  x 0.30 m/ft




To convert from m. to ft.
length in m. = length in ft  x 3.28 ft/m




Kilometer (km)

1 km = 1000 m
1 km = 0.62 miles (mi)




To convert from mi. to km
length in km = length in mi x 1.62 km/mi




To convert from km. to mi
length in mi = length in mi  x 0.62 mi/km




Centimeter (cm)

1 cm =  0.01 m
1 cm = .39 inches (in)

To convert from in to cm
length in cm = length in in  x 2.56 cm/in

To convert from cm to in
length in in = length in cm x 0.39 in /cm

To convert from m to cm
length in cm = length in m x 100 cm/m

To convert from km to m
length in m = length in km x 1000 m/km

To convert from km to cm
length in cm = length in km x 100,000 cm/km

Mass

Gram (g)


1 g  = 0.03 ounces (oz)




To convert from oz to g
mass in g = mass in oz x 28.57 g/oz




To convert from g to oz
mass in oz = mass in g x 0.03 oz/g




Kilogram (kg)


1 kg = 1000 g

1 kg = 2.20 pounds (lb)

To convert from lb to kg
mass in kg = mass in lb x  0.45 lb/kg

To convert from kg to lb
mass in lb = mass in kg  x 2.20 kg/lb

Volume
Liter (l)


                                    1 l  = 0.26 gallons (g)





To convert from gal to l
volume in l = volume in l x 3.77 gal/l




To convert from l to gal
volume in gal = volume in gal. x 0.26 l/gal

Temperature



In the metric system, temperature is measured in degrees Celsius (°C).  The Celsius scale is based on the freezing and boiling points of water when measured at sea level.  Freezing is 0°C, where as boiling is at 100°C.  By comparison, freezing in the Fahrenheit system is 32°F and boiling is 212°F.  Temperature is sometimes expressed in degrees Kelvin (°K) that is based on a temperature called absolute zero (the point at which all molecules in a gas stop moving).  The Freezing point of water in the Kelvin system is 271°K, while boiling is at 371°K.

To convert from Fahrenheit to Celsius       

temperature in °C = (temperature in °F - 32) ÷ 1.8 °F/°C

To convert from Fahrenheit to Kelvin       

temperature in °K =  ((temperature in °F - 32) ÷ 1.8 °F/°K) + 271°K
Lab: Weather Observations and Information
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Problems

1. Describing the current weather in both qualitative and quantitative terms.

2. Converting weather data from a local newspaper from English Standard into Metric. 

3. Locating three sources of information on the worldwide web.

Write-up


Your final write-up should include this handout tables, weather report, and follow-up questions for part 1; tables, calculations, and follow-up questions for part 2; and web site information and follow-up questions for part 3.

Materials and equipment

· Five consecutive days of the weather page from the Oregonian (Portland’s local paper)
· Graph paper or a graphing program such as Excel
· A calculator or a spreadsheet program such as Excel
· A web-enable computer
Procedure

Part 1:  Making observations of the current weather
Work in a team of four to do the following:

· Select seven weather elements that you will observe.  Also discuss how you will observe each element.  Make a table on which to record the date, the time of your observations, the name of the people in your team, the elements you observed, the method you used to observe each element (be specific), and space for recording your observations. 

· Select an outdoor location on campus where you will make your observations.  You may need to try several locations to select the best station.  Indicate on the map of the Sylvania campus (on the following page) where your station was located 

· Observe the selected weather elements at your station. These can be general qualitative statements or your best estimates.

· Complete the following questions

1. Why did you select the location that your did for your station?

2. What were the limitations of the station you chose?

3. What tools or strategies could you use to actually measure the elements you selected?
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	Map Legend                           

AM - Automotive

CC - Community center

CT - Communications technology

HT - Health technology

LRC - Library resource center

SS - Social science

ST - Science technology




Part 2:  Using the metric system in observing the weather


Many newspapers have a daily section that shows weather at major cities as well as forecasts of local, regional, and national weather.   The information shown routinely includes daily precipitation, high and low temperatures, freezing levels, air pollution index, time of sunrise and sunset, and so on.  Frequently these numbers are presented in table form, at other times they may be presented as graphs or tables.  Here in the United States these measurements are often in English Standard.  Your task in this last part of the lab is to convert selected measurements into metric and plot them on graphs.  To do so...

· Obtain the weather page of a local newspaper for five consecutive days.   

· For each day find and convert the following information.

1. High and low temperatures for both Salem and Portland (convert into degrees Celsius)

2. Freezing level for Salem (convert into meters)

3. Precipitation for both Portland and Salem (convert into centimeters)

When you calculate these values make sure to show your work by showing the numbers and units you started with, those that you ended with, and the formulae you used to make the conversions.

· Plot each piece of information on three separate graphs.  One graph will be for high and low temperature; another for freezing level; and the third will be for precipitation.  Each graph should have a title, the axes on each graph should be labeled, and the graphs should be done on graph paper.

Once you finish with the graphs, use this information to complete the following questions
1. How did temperature, freezing level, and precipitation change during the week?

2. How did the cities compare to each other in terms of temperature and precipitation?
3. What was the relationship between freezing level and temperature in both Salem and Portland?

Part 3: Using the Internet to locate meteorological information
· Find five web sites that contain some or all of the following:

· Current weather for Portland Oregon.

· Forecasted weather for Portland.

· A satellite image of the western North America showing cloud cover.

· Climate data for Portland (average temperature, precipitation, wind speed, and direction)

· Include the URL (web address), title, agency name, and date of last access for all five sites.

· Complete the following questions

1. What elements were shown in the forecast you found?

2. How far into the future did your forecast you found predict?

3. Where is Portland on the satellite image you found?  Given that storms in the Pacific Northwest move from west to east, what kind of weather would you predict for Portland based on the image?
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