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Chapter 7:  Weather Forecasting
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 Main idea


Weather forecasting is based on the idea that atmospheric processes follow predictable patterns.    By comparing these patterns with current weather conditions, it is possible to estimate what changes might take place in the weather over any part of the earth’s surface.

Primary steps in weather forecasting 

1. Collecting data from ground based weather stations, balloons, aircraft, radar and Lidar installations, and satellites.

2. Organizing this data into tables, maps, and photos that make it possible to see major weather patterns.

3. Determining the probability of various weather changes using mathematical models of the atmosphere, by looking for visual cues of changing weather, and comparing current weather conditions to records of similar weather in the past.

Collecting the data


The general rule of thumb in weather forecasting is to collect as much data from as many places as you can for as often as you can.  With this in mind extensive networks of weather stations, satellites, balloon networks, etc. have been established across much of this planet.  Elements of this network are linked by linked by telecommunication and satellite systems that make it possible to transmit massive amounts of data from widespread locations to central locations.  Here these data are compiled and analyzed before being used to compile forecasts.

Surface weather stations
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Figure 7.1 – A technician maintaining a ground based weather station (USDA)




A surface weather station is a permanent or temporary facility with instruments and equipment to sample and record atmospheric conditions to provide information to make weather forecasts and research weather and climate. While many permanent stations are located at airports, on government buildings, or at university research facilities, a sizeable number also appear in remote locations such as on ocean buoys or isolated mountaintops.  Though government weather services and university research groups maintain many of these stations, non-professional groups such as the Citizen Weather Program contribute significant amounts of data to the national and global weather observation network.  In addition to the large number of contributors to this network, the increasing automation of individual stations has significantly increased the amount of available to forecasters, researchers, and weather hobbyists.
Airborne stations
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Figure 7.2 – A technician launching a weather balloon at the Chanhassen MN weather office (NWS)




Gathering data from the middle and upper troposphere is critical for making accurate predictions of storm movement, freezing level changes, etc.  One way such data is gathered is by aircraft equipped with instruments for determining wind speed and direction, air pressure, humidity, etc.   In addition to the usual basic sensors some aircraft are equipped with cameras for photographing clouds and other sky conditions or Radar for locating areas of precipitation and measuring wind speed and direction.  In addition, weather balloons are regularly used for determining weather conditions above the earth’s surface.   By tracking the movement of these balloons, meteorologists can determine wind direction and speed at different altitudes.  These balloons are also equipped with instruments for measuring temperature, air pressure, and relative humidity. This information is relayed to base stations via on-board radio transmitters.  In the United States, balloons are released on a day from selected National Weather Services.  Once a balloon is launched, it rises until it explodes due to low atmospheric pressure.  The remaining instrument package then parachutes to earth, where it may be retrieved and returned to the weather service for further flights.
Radar and Lidar
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Figure 7.4 – WSR-88D (Weather Surveillance Radar 88 Doppler) Radar Operations Center in Norman OK with a tornado in the background (NWS)




Radar (Radio detections and ranging) has been used since the 1940s to detect areas of precipitation and measure rainfall intensity.  A weather radar unit consists of a transmitter that emits radiation in the microwave portion of the electromagnetic spectrum and a receiver for receiving microwave radiation.    Essentially the transmitter sends out microwave pulses having wavelengths of 1 to 20 cm.  When the transmitted pulse encounters an object such as a raindrop, it is scattered and detected by the receiver.  The returning signal is electronically processed and displayed on a screen, producing an image called an echo.  At the same time the radar unit calculates the distance of the rain from the radar unit using the speed of the microwave pulse and the time delay between the transmission and reception of the pulse.  Doppler radar is a computer-enhanced version of conventional radar that not only shows area of rainfall and rainfall intensity, but also determines the speed at which precipitation is moving toward or away from the radar unit by calculating the Doppler shift
 of the reflected waves.   Currently the Doppler radar units in the continental United States are organized into a network called NEXRAD (Next generation weather radar) that provide nearly continuous coverage of the lower forty-eight states.


Lidar (light detection and ranging) is a type of laser used to detect precipitation, and determine wind velocity and direction.  Like radar, Lidar depends on transmitting a pulse of electromagnetic energy and detecting the pulse as it is scattered back to the unit.  However, Lidar units emit either infrared radiation or visible light.  The difference in wavelength means that Lidar has higher resolution than radar and allows it to see air movement as well as precipitation. 

Satellites 
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Figure 7.5 – Synchronous Meteorological Satellite, one of the first geosynchronous weather satellites (NASA)




Artificial satellites have provided us with a unique perspective on the weather that has dramatically improved the accuracy and speed with which data collection and forecasting can be done.  At any one time a variety of weather satellites orbit the earth giving us a seamless picture of the atmosphere.  Each satellite is a small spacecraft equipped with a multi-spectral imaging system.  This type of imaging system is a camera or set of cameras that are able to “see” the earth’s surface at different parts of the electromagnetic spectrum.  For instance, most weather satellites are equipped with imaging systems that image in both visible light and infrared. This means that they produce an image much like what you would see from earth orbit, while also showing properties and processes that you wouldn’t be able to see, such as the temperature of clouds or the movement of water vapor.

What part of the earth’s surface a satellite is able to image depends on how it orbits the earth.  Polar orbiting satellites circle the earth by moving from pole to pole.  Since the earth rotates while the satellite moves through its orbit, the satellite images a different section of the surface during each orbit, allowing a single satellite to produce a composite picture of the entire surface of the planet.  The problem, however, is that the atmosphere is capable of enormous change during the time that it takes to produce such an image.  Consequently, weather forecasters and researchers rely on another class of satellite, which have geosynchronous orbits.  Geosynchronous satellites orbit at the same rate that the earth spins on its axis.  This means that a geosynchronous satellite stays fixed over the same spot on the earth.  By having a network of these satellites orbiting above the earth’s equator, forecasters and researchers can acquire a composite picture of the earth’s surface that is a single “snapshot in time”.
Organizing the data


One of the major undertakings in weather forecasting is to organize the enormous amount of data being collected by weather stations, weather balloons, Lidar, radar, and satellites into a coherent picture.  The World Meteorological Organization (WMO) does the job of collecting and organizing this information on a global level.  The WMO is a agency of the United Nations that consists of 130 cooperating nations.  In addition to being responsible for the international exchange of weather data, the WMO certifies observation procedures.    After observations are taken they are electronically relayed to WMO centers in Washington D.C., Melbourne Australia, and Moscow Russia.  Once organized, worldwide data is transmitted to national weather agencies such as the National Center for Environmental Prediction in Camp Springs Maryland.  These national centers then organize this data into maps, tables, charts, and national forecasts.  Once compiled this information is then relayed to Weather Forecast Offices (WFO) that use it to prepare regional forecasts, as well as advisories and warnings of impend severe weather.  In the western United States the Western Regional Climate Center in Nevada acts as the regional WFO.  Forecasts made by WFOs are available to general public via radio, television, and the Internet.  Broadcast meteorologists (radio and TV) while relying on WFO forecasts often modify these to produce more forecasts that are tailored to their stations broadcast areas.  In some instances these stations hire private forecasting firms to create tailor made predictions.

Weather maps


Any weather condition that can be quantified can be mapped.  For instance, some newspapers will show average daily temperature for the United States as color zone map (the color of each zone representing a range of temperatures - say 0 to 14°F).  A common type of weather map that we will be working with in the next two labs is called a synoptic weather map.  
Most synoptic weather maps are isobaric maps with additional information added to them.  This information often includes the position of weather fronts and weather conditions present at selected stations.  Until the advent of satellite images, synoptic weather maps were one of the most important tools available to forecasters.

Meteograms


A meteogram is a graph of weather conditions for single stations for several hours or days.  A typical meteogram for say one week might consist of graphs of average temperature, air pressure, wind speed, wind direction, rainfall, and/or relative humidity for several days laid out one below the other.  This gives a forecaster a week-at-a-glance view of the weather for the station they are interested in. 

Atmospheric profiles


Aircraft, weather balloons, and even some satellite enable us to determine how temperature, relative humidity, dew point temperature, winds speed, and wind direction vary with altitude above a single location.  Graphs of how these elements vary with altitude are called soundings or profiles.  Soundings provide important information about air movement and condensation aloft that is important for predicting cloud formation and changes in wind speed, wind direction, and air pressure.

Satellite images


Images acquired by artificial satellites are an important contribution to weather forecasting because they give us a large-scale view of the atmosphere.  By compiling a sequence of images, forecasters can track the movements of weather systems such as hurricanes and mid-latitude cyclones.   Furthermore, by using cameras sensitive to infrared radiation we can see the movement of weather systems at all times of the day, measure air temperature, and map amounts of water vapor in the atmosphere.    Other imaging systems sensitive to other parts of the electromagnetic spectrum allow us to determine wind direction and velocity and even do soundings of air movement.

Climate tables 


Numerical data compiled in table form in order to determine average and extreme weather conditions for selected areas.   As I’ll talk about in the next section, being able to easily find information about weather in the past is useful to making predictions about how it will behave in the future.

 Making the forecast


The basic idea behind weather forecasting is that the atmosphere behaves in predictable ways and that its behavior can be predicted by observing current conditions, comparing these conditions to past conditions, and relating both past behavior and current conditions to basic ideas about energy flow through the atmosphere, and the movement of air and water within it.  Because the atmosphere is a very large and complex system, numerous methods have evolved for predicting its behavior.  Which method is used depends largely on the skill of the forecaster, the information available to them, where they are located, and how far into the future they are making predictions for.

Persistence forecasting


This type of forecast is simply a prediction that future weather will be the same as the present weather.  The usefulness of persistence forecasting raises the issue of skill and accuracy.  Accuracy referred to how closely the forecast matches the actual event.  Skill, on the other hand, refers to the knowledge required to make an accurate forecast.  The accuracy of persistence forecast depends on the area the forecast is made for, the time of year it is made for, and how far into the future the prediction extents.  In areas such as deserts or polar areas where weather varies little from season to season it is a strong possibility that tomorrow's weather will look just like todays.  In this instance it is possible to make an accurate forecast that requires little skill.  Likewise if it is raining fairly heavy and you are making a forecast for fifteen minutes from now it is likely that a persistence forecast will be an accurate one.  However, in areas such as the Pacific Northwest that show wide variations in daily and seasonal weather, persistence forecasts are often highly inaccurate meaning that forecasting requires more complex methods and more forecasting skill.

Climatological forecasting


Like persistence, climatological forecasting depends on having information about the climate of an area.  This type of forecasting, however, does not assume persistence.  Instead it involves comparing current weather to average weather for the forecast area.  Using climatic data, forecasters determine the probability that certain types of weather will appear in an area.  For example predicting that Portland will have a 90% chance of rain on November 11, if based on a climatological method, means the climate record for Portland shows that it rained on November 11 twenty-seven out of thirty years.  

Analogue forecasting


Steady state forecasting is built on the idea that as weather systems move over an area they bring with them certain weather conditions.  For instance as a mid-cyclone approaches us we can generally expect to see decreasing air pressure, increased cloudiness, changes in wind direction and speed, and possibly precipitation.  By the same token, as an anticyclone approaches us the weather generally clears as air pressure rises.  We will be using this type of forecasting in the last lab in this chapter.


Analogue forecasting is similar to steady state forecasting in that it relies on comparing current to past weather conditions.  A forecaster using this method will begin by looking for patterns in current conditions that correspond to past conditions for the same location.  He or she then looks at weather changes that followed the past conditions and makes the assumption that similar changes will take place in the future.   A type of analogue forecasting that often done by boaters, hikers, and mountaineers involves predicting weather from local signs.  Most of us might predict rain if we saw large cumulonimbus clouds moving towards us.  However, by looking at changes in air pressure, noting changes in wind direction and air temperature, or keeping track of the types of clouds passing by it is possible to determine whether a cyclone (cloudy weather) or anticyclone (clear weather) is approaching.  Again, we will explore this some more in the last lab.

Numerical weather prediction


Numerical forecasts are predictions based on creating atmospheric models.  These models use current weather data as numbers that are input into a system of equations.  The outputs from these models are tables or charts called prognostic charts or progs that represent possible future weather conditions.  The equations used in the models are basically mathematical representations of how atmospheric pressure, temperature, cloud-cover, relative humidity, etc. will change with time given certain initial conditions.    Because of the complexity of these models, computers nearly always work the equations.  The accuracy of a forecast done using a model depends on the accuracy and amount of data put into it, the complexity of the model, and the duration of the forecast.  Generally the more data that is available to the model, the more accurate the forecast will be.  Since the atmosphere is such a tremendously complex system, accurate models need to be enormously complex.  Many forecasts go awry because the models used to make them are not complex enough to take into account the interaction of changes in temperature, air pressure, humidity, or other elements on a local scale.    Finally, the longer-range the forecast the less accurate is is and the lesser the number of weather changes you can predict.  


To improve medium and extended range forecasts, meteorologists sometimes use several forecast models.  By inputting the same initial conditions into each model and comparing the final results, forecasters determine the reliability of each forecast.  If the results from the models are in close agreement, they can issue a forecast with a high degree of confidence.  If the models disagree they issue a forecast with limited confidence, sometimes giving it a number ranging from 0 (no confidence) to 5 (high confidence).

Lab:  Weather Maps and Photos
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Objectives

1. To interpret station models for eleven stations on two consecutive days.

     2. To complete the weather maps for the same two days.

     3. To interpret two satellite photos for these two days.

Write-up

     
Your write-up for this lab should include weather conditions reported for the eleven stations for April 2 and April 3, 1982 (tables 7.2 and 7.3), completed weather maps for both days (figures 7.7 and 7.8), and answers to all follow-up questions.  As usual, organize your write-up into sections (parts 1, 2, and 3), provide a title for each section, and use complete sentences.
Procedure

Part 1  - Interpreting surface weather information for 11 stations.



For each of the stations shown on the following page determine the reported wind direction and speed; percent cloud cover, cloud type, air pressure, barometric tendency, and air temperature.  Record these data in Tables 7.2 and 7.3.

	Station models:

A station model is an abbreviated form for recording the weather at single weather stations.  An individual station model consists of a "circle and staff" symbol drawn on a synoptic map at the location of the reporting station.  Clustered around the symbol are a series of icons and numbers that represent information such as the air temperature, dew point, cloud types, and air pressure recorded at that station.  

You have a key for station model symbols at the back of your text. 


	[image: image7.wmf]
Figure 7.6  - Example of a station model


Table 7.1 – Station models for April 1 and April 2, 1982
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Table 7.2 – Reported weather conditions for April 1, 1982
	

	
	Air temp

(°C)
	Air press

(mb)
	Barometric

tendency

(trend)
	Barometric

tendency

(mb)
	Cloud cover

(eigths)
	Cloud type
	Wind speed (kph)
	Wind direction

	Station A
	
	
	
	
	
	
	
	

	Station B
	
	
	
	
	
	
	
	

	Station C
	
	
	
	
	
	
	
	

	Station D
	
	
	
	
	
	
	
	

	Station E
	
	
	
	
	
	
	
	

	Station F
	
	
	
	
	
	
	
	

	Station G
	
	
	
	
	
	
	
	

	Station H
	
	
	
	
	
	
	
	

	Station I
	
	
	
	
	
	
	
	

	Station J
	
	
	
	
	
	
	
	

	PDX
	
	
	
	
	
	
	
	


Table 7.3 – Reported weather conditions for April 2, 1982

	April 2, 1982

	
	Air temp

(°C)
	Air press

(mb)
	Barometric

tendency

(trend)
	Barometric

tendency

(mb)
	Cloud cover

(eigths)
	Cloud type
	Wind speed (kph)
	Wind direction

	Station A’
	
	
	
	
	
	
	
	

	Station B’
	
	
	
	
	
	
	
	

	Station C’
	
	
	
	
	
	
	
	

	Station D’
	
	
	
	
	
	
	
	

	Station E’
	
	
	
	
	
	
	
	

	Station F’
	
	
	
	
	
	
	
	

	Station G’
	
	
	
	
	
	
	
	

	Station H’
	
	
	
	
	
	
	
	

	Station I’
	
	
	
	
	
	
	
	

	Station J'
	
	
	
	
	
	
	
	

	PDX
	
	
	
	
	
	
	
	


Part 2 - Constructing weather maps



Figures 7.7 and 7.8 are isobaric maps that show the position of the weather stations listed in Table 7.1.   

· Mark on each map the location of high and low pressure centers.  Mark high pressure centers with a capital H and low pressure centers with a capital L.  You already did this in the lab "Air Pressure and Winds”.  
· Find the bold lines that intersect sharp bends in the isobars.  Each of these lines is a weather front.  What you don’t know at this point is what kind of front each one is.  To determine this determine the relative temperature of the air masses on either side of the front.  To identify a front find two stations, which are next to each other with a front drawn between them.  Look up the temperature of each station for the date of the map.  Lightly shade the station on the colder side of the front blue (this means the station is in the cold air mass).  Shade the station on the warmer side of the front red (this station is in the warmer air mass).  Do this for all the station pairs that you have temperature data for.
· Determine which way the front is moving by using the table of reported temperature changes on (table 7.4) and the following rules...

1. If a station is in a cold air mass and its temperature decreased then a cold front has passed over it.

2. If a station is in a warm air mass and its temperature increased then a warm front has passed over it.

3. If a station is in a warm air mass and its temperature is decreasing then a cold front is approaching it.

4. If a station is in cold air and its temperature is increasing then a warm front is approaching it.

5. If a station reports no change than the front is stationary.
Table 7.4 – Temperature trends reported by each station.  A temperature trend is the change in temperature reported by a station between the time that it reported and three hours prior.  You won’t find stations 1, 2, 3, and 1’ listed in table 7.1 since they only reported temperature trends.
	April 1, 1982
	

	Stations C, E, H, and 2 

Stations B and 3 

Stations I and1 
	Temperate increase reported

Temperate decrease reported

No change in temperature reported

	April 2, 1982
	

	Stations H’ and I' 

Station F', A', and 1'
	Temperate increase reported

Temperate decrease reported


· Once you have determined which way the air masses on either side of the fronts are moving draw teeth on the front indicating what type of front it is.   Here are some rules for drawing fronts.

	If the front is a cold front draw teeth on it that look like this
	(
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	Note - The teeth will be pointed away from the cold air mass, indicating that cold air is intruding on an area of warm air.

	If the front is a warm front draw teeth on it that look like this
	(
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	Note - The teeth will be pointed away from the warm air mass, indicating that warm air is intruding on an area of cold air

	If the front is a stationary front draw teeth on it that look like this
	(
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	Note - The sharp teeth will be pointed away from the cold air mass and the dull teeth are pointed away from the warm air mass, indicating that the front is not moving


Note – Different kinds of fronts are often connected to each other.  For instance, while one part of the boundary between two air masses will be a cold front, another part of the boundary may be either a warm or a stationary front.
· To complete the map shade areas of where precipitation was reported.   To accomplish this locate the stations indicated by a "*".  Where you see such stations clustered together shade the entire cluster green.  The result will look something like a NextRad plot.
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Figure 7.7  - Weather map of the United States April 1, 1982
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Figure 7.8  - Weather map of the United States April 2, 1982

Part 3 - Interpreting satellite photo
Figures 7.9 and 7.10 are synthetic satellite images showing cloud cover in the United States on April 1 and April 2.  To interpret these images transfer the fronts from weather maps that you just finished to the images of the appropriate dates.  In other words copy the fronts that you drew on Figure 7.7 onto Figure 7.9, and copy the fronts on Figure 7.8 onto Figure 7.9.  Do the same with the high and low-pressure centers for each day.  Note – The supplemental media available for this lab (“Weather Maps) will help you complete this step. Once you have done this answer the following questions.
1. How do high and low-pressure centers correspond to areas of clear and cloudy weather?  What causes this? 

2. How do weather fronts correspond to areas of clear and cloudy weather?   What causes this?

3.  On a weather map a Mid-latitude cyclone shows up as a low-pressure center with two or more fronts radiating from it.  On which day did a cyclone appear near Portland Oregon?

4. Find the central low pressure located over Nebraska on April 2.  Where was the center on April 1? 
5. If the center moved over Illinois on April 3, how would the weather in Nashville Tennessee change?
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Figure 7.9 - Cloud cover of the United States April 1, 1982

[image: image16.wmf]
Figure 7.10  - Cloud cover of the United States April 2, 1982

� Doppler shift is what you notice as a high-speed train blowing its whistle passes you.  When the train approaches you,


  the whistle sounds higher pitched than when it moves away from you.
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