How do Meteorologists Forecast the Weather?

Big Idea: Earth’s Systems and Patterns

Benchmark: SC912E7.5 Predict future weather conditions based on present observations and conceptual models and recognize limitations and uncertainties of such predictions.

Essential Question: What are the tools that meteorologists use to predict the weather?

Lesson Objectives. Students will….
Know
 	The tools meteorologists use for predicting the weather:
	*What a surface weather map is used for.
	*What radar is used for.	
	*What weather satellites are used for.
	*What a weather model is.
	*The limitations of a weather model.
Understand
	How meteorologists use various tools to make weather predictions
Do
	Analyze current weather observations for trends
	Read a surface weather map
	Observe and analyze radar and satellite images
	Analyze weather model predictions
	Make weather predictions using the above listed tools

Materials: Computer, projector, internet connection, print outs of weather observations and model forecasts (see section Elaborate/Extending the Lesson).

Advanced Prep: Load up websites that you will use for this lesson. Familiarize yourself with the current weather situation for the area that you will be focusing on.

Prior Knowledge: Students should be familiar with the weather and weather systems. They should be able to read a station model weather plot.



Engage: Beginning the Lesson

1. Ask students how they think meteorologists find out about the weather. Have them write their responses down, share within a group, and share with the class. 
2. Ask students how they think meteorologists predict the weather. Have them write their responses down, share within a group, and share in the class.


Explore 
Show students one of the tools that meteorologists use to analyze and the weather. 
Have them look at a loop of weather satellite images. Based on what they see they can write down what they think the weather will be like in the short term.
A loop of satellite images can be found here on the National Weather Service website:
"Satellite Images" (http://weather.gov/sat_loop.php?image=ir&hours=24)

Explain: Teach the lesson

Part 1—Go over the tools meteorologists use to analyze and assess the current weather conditions

1. Show students a variety of current weather maps
Here are some links to current surface weather maps from the National Weather Service:
a. Surface Analysis (http://www.wpc.ncep.noaa.gov/sfc/90fwbg.gif)
b. "North American Surface Analysis" (http://www.wpc.ncep.noaa.gov/html/sfc2.shtml)

Link “a” is a basic surface weather map with a few station plots, fronts, and low/high pressure areas.

Link “b” has many surface weather maps for North America, United States, and the different parts of the United States. I would suggest selecting the southeast United States since it includes Florida.

Ask students what they see on the weather maps. Responses should include fronts, low and high pressure areas, wind flow, temperature, and current weather.

Explain what can weather maps are used for. They are a model of the current state of the atmosphere and weather. They allow meteorologists to see what is going on with the weather right now.  The weather map shows storm systems (low pressure areas) and associated warm and cold fronts and high pressure areas. The weather map also shows the current weather at many weather stations throughout the country. The station information tells a meteorologist the current temperature, dew point, wind direction and speed, pressure (and if the pressure is going up or down), the cloud cover, and the current weather. Reading a weather map can be a separate lesson and is not covered here.

By knowing what is happening know with the weather, meteorologists can make a prediction about what will happen in the future. For example if they see a low pressure system approaching then they can predict that the weather may become cloudy and stormy in the near future, or if a cold front is approaching then the weather may turn cooler.

(If you really want to go in depth this website from the National Weather Service Storm Prediction Center has maps of the upper levels of the atmosphere: 
"Surface and Upper Air Maps" (http://www.spc.noaa.gov/obswx/maps/) 
The 300 and 250mb maps show the jet stream. Also from the Storm Prediction Center is this site 
"Observed Sounding Archive" (http://www.spc.noaa.gov/exper/soundings/)
which has upper air soundings from various locations in the United States. These upper air soundings give meteorologists a snap shot of what the conditions are at various levels in the atmosphere and from this can determine if conditions are good for thunderstorms, rain, snow, etc)

2. Show students a variety of weather satellite images

NWS Website: "Satellite Images" (http://weather.gov/sat_loop.php?image=ir&hours=24)


You can show students visible, infrared, and water vapor images and loops from this site.

Ask the students to interpret what they are seeing in these satellite images. They should respond that they are seeing cloud patterns.

Explain that weather satellites measure the visible and infrared radiation that the atmosphere and clouds give off. They are taking pictures of the atmosphere. The infrared pictures are like ‘night vision’. Weather satellites allow meteorologists to see what is happening in the atmosphere and what type of weather systems may be on the way. Point out that the water vapor images allow meteorologists to see wet and dry areas in the atmosphere.

Relate the weather patterns seen in these images with what is seen on the weather map such as fronts, low and high pressure areas, etc.

3. Show students a variety of radar images
NWS Website: "Doppler Radar National Mosaic" (http://www.weather.gov/Radar) You can use this website to zoom into various sectors. You can click on the radar map to go to a specific location.

Ask the students to interpret what they are seeing. They should respond that they are seeing rainfall.

Explain that radar works by sending out radio signals and that the radio signals bounce off of rain and snow. Meteorologists use radar to see if there is any rain or snow on its way.


4. Show students this site which has surface weather observations for various sites in the United States over the past 3 days. You can also just pick whatever city you are in or the nearest city to you.

This website from the NOAA National Weather Service Office of Climate, Water, and Weather Services allows you to obtain weather observations from various locations in the United States: "NWS Observations" (http://www.nws.noaa.gov/om/osd/portal.shtml) You can use this site later in the lesson and print out observations for your students so that they can verify their forecasts.

Select a state. On the page it takes you to select a location. It will give you the weather observations for the past few days.

For the city that you select have students look at the weather over the past few hours and days. Ask the students to identify any trends or patterns in the weather. Explain that meteorologists will use the persistence method of forecasting. If there aren’t any major changes in the weather patterns (example passage of a cold front) then the weather today should be similar to the weather yesterday.

Summarize Part 1 of the Lesson by explaining that these tools allow meteorologists to analyze and assess the current state of the atmosphere. They can use these tools to make short term predictions of what will happen. This would be a good time for students to pause and write a reflection of what they have learned so far.

Part 2: Weather Models

Weather models—Explain that weather maps, satellites, and radar allow meteorologists to see what is happening right now in the atmosphere. They can use this information to make short term forecasts of what will happen. To make more detailed forecasts meteorologists use weather models.

Explain what a weather model is: 
Here is some background information.
The atmosphere just like everything else in nature is governed by scientific laws. Do you remember learning about scientific laws?  A scientific law is a description of a specific relationship under given conditions in the natural world.
The laws that the atmosphere follows include the laws of thermodynamics, conservation of energy, momentum, and the ideal gas law. Don’t worry you will learn about these laws in science.
Believe it or not the laws can be expressed as mathematical equations.
A meteorologist can go about solving these equations by hand in order to predict the weather, but that might take a while. Do you think its tough to do 25 math problems for homework? Well a meteorologist would have to solve millions and millions of equations to predict the weather. That might take a while!
Fortunately there are computers to do this. Hence the name computers—they compute and do calculations. Weather models are actually computer programs to solve the equations and predict the weather. Meteorologists use the output from weather models to come up with detailed weather predictions.

Go to this website "Model Analyses and Guidance" (http://mag.ncep.noaa.gov/?prevpage=index&MainPage=index&cat=MODEL+GUIDANCE&page=MODEL+GUIDANCE)
from the NOAA/National Weather Service National Center for Environmental Prediction.
(Note—when I was making this lesson I had some trouble opening this site—I would get redirected to a non-NOAA website)

Click on Model Guidance
On the next page Click on NAMER (for North America)
On the next page Click on GFS
On the next page Click on Sfc-Layer Parms: 1000_500_thick
On the next page click Loop All (over on the right)

Show a sample weather model forecast:
Go to "Model Analyses and Guidance" (http://mag.ncep.noaa.gov/?prevpage=index&MainPage=index&cat=MODEL+GUIDANCE&page=MODEL+GUIDANCE)
[bookmark: _GoBack]

Once the model loop gets going explain what is going on---
The green and blue areas are rain
You can see the high and low pressure areas
The black lines are Isobars—Lines of equal pressure
The dashed red lines are thickness—they tell you the average temperature of the atmosphere from the low to mid levels. Where they are close together there are usually warm and cold fronts. The blue dashed lines indicate where it is freezing and you would likely have snow.
**Note you can adjust the controls to slow it down and go step by step.
**Also—there are many other levels in the atmosphere that you can choose from.

You can go back to the Model Guidance page and select other weather models such as the NAM (North American Mesoscale Model), the GFS (Global Forecast System), and the RAP (Rapid Refresh). You can show the students the forecasts from each different model and see if there are any differences.

Another forecast model tool that meteorologists use is called “Model Output Statistics”
A website that has this MOS data is from NOAA’s National Weather Service Meteorological Development Lab "Current MOS Forecast Products" (http://www.nws.noaa.gov/mdl/synop/products.php)

(At this site click on “Text Message by State Map” and then click on Florida. It will give you MOS forecasts for all of the cities in Florida. Find the one closest to you. This site will give you MOS data for both the GFS (Global Forecast System) and NAM (North American Mesoscale Model). 

It is pretty easy to read the MOS data—it gives the data, time, temperature, dewpoint, winds, etc. A complete description on how to read it is at this website:
"Description of the GFS MOS MAV Alphanumeric Message" (http://www.nws.noaa.gov/tdl/synop/mavcard.php) A special note—the times are in UTC. 00UTC is 8pm, 06UTC is 2am, 12 UTC is 8 am, and 18 UTC is 2 pm for the Eastern Time Zone during daylight savings time)
 
Explain to the students that there are limitations to models. Models are imperfect representations of the atmosphere and the equations that govern the motions of the atmosphere. Models may not initialize weather systems correctly (example a low pressure system may not be in the right location to start with.  Models cannot resolve and predict the small scale motions of the atmosphere. Meteorologists will use predictions from several models to make their forecasts. They may know that some models work better than others in certain situations. They will make tweaks to the model forecasts. Overall they use their years of experience of observing and forecasting the weather when they make their predictions. For example when there is a high pressure system they know that the weather will be generally sunny and quiet. If there is a low pressure system approaching then they know it will probably rain. Models give guidance. It is up to the trained meteorologists to interpret this guidance.

Elaborating and Extending the Lesson

Depending on the amount of time that you have you can make this easy by having all of your students make weather predictions for your location or more challenging by having students make predictions for different locations.

First give them current weather observations for the location that they will be predicting for (use this site "NWS Observations" (http://www.nws.noaa.gov/om/osd/portal.shtml) ). Have them write down the maximum and minimum temperatures for the past few days and brief summary of what has been happening with the weather.

Next go back and show them the current weather situation with the weather maps ("North American Surface Analysis" (http://www.wpc.ncep.noaa.gov/html/sfc2.shtml)), satellite ("Satellite Images" (http://www.weather.gov/satellite)), and radar ("Doppler Radar National Mosaic" (http://www.weather.gov/Radar)).  Have them write down their predictions for the next day based on the current weather patterns.

Next go back to the model guidance page and show them the surface pressure and precipitation forecast for the next 24 hours. Have the students write down what the models are predicting for the next day.

After this give students a print out of the MOS data for their location from this website ("Current MOS Forecast Products" (http://www.nws.noaa.gov/mdl/synop/products.php)) You can just copy and paste from your specific city. You can give them MOS predictions from both the GFS and NAM model. Have the students use this information to make a forecast for the high and low temperatures for tomorrow along with how likely they think it will rain.

Tomorrow have them judge their predictions against the weather observations from their forecast city using the data from "NWS Observations" (http://www.nws.noaa.gov/om/osd/portal.shtml). 
Evaluate

Have students write a response to this prompt—

What are the tools that meteorologists use to make their weather forecasts? Explain any limitations that these tools have.
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