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Forecasting Precipitation

scaffolding activity

Purpose:

The purpose of this activity is to introduce some indicators that  useful for predicting when and where precipitation is going to occur.
Introduction:

Forecasting precipitation requires the consideration of many factors.  Sometimes simple mathematics can be an effective tool for predicting when precipitation will occur,  however, this method alone is always reliable. It is important to consider sources of moisture and lifting mechanisms in the development of precipitation.

Key Components:

1)
Why is moisture necessary for precipitation to develop?

2)
What role do fronts play in the development of precipitation?

3) Describe what happens as a parcel of air rises upwards through the atmosphere.

Forecasting Scenarios:
For the following weather scenarios, indicate if precipitation is "likely" or "unlikely" to occur given the conditions described in each scenario. Explain why.

	Scenario
	Precipitation
	Reasoning

	Example:  Boulder, CO, a city on the east side of the Rockies. Downslope winds are expected
	Unlikely
	Downslope winds (or wind blowing down the mountain) tend to be very dry, warming as it descends, creating an unfavorable environment for the development of precipitation (since rising air in the presence of downslope winds is unlikely).

	Scenario 1:  A cold front is approaching from the west, but the air both ahead of and behind the front is very dry.


	
	

	Scenario 2:  A warm front is approaching and the air behind and ahead of the front is very moist. 
	
	

	Scenario 3: Upslope winds are expected in Boulder, CO and the air has been very moist for the past couple of days.
	
	

	Scenario 4:  The trend for the latest batch of precipitation is a steady eastward movement of 30 miles/hour. The latest position is roughly 700 west of here.  Will precipitation arrive within 24 hours?
	
	Show Calculation:


5.)
What factors have we discussed in class that affect the solubility of water vapor in air.  Use notes as needed.

6.) What are the four different types of rising air masses?  Make a diagram explaining each of them.

	Rising Air Name
	Diagram

	
	

	
	

	
	

	
	


Forecasting Temperatures

Introduction:
Forecasting temperatures requires the consideration of many factors; day or night, clear or cloudy skies, windy or calm, or will there be any precipitation? An error in judgment on even one of these factors may cause your forecasted temperature to be off by as much as 20 degrees. The purpose of this activity is to explore these factors in greater detail and investigate their possible outcomes on forecasted temperatures.
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Effects of Cloud Cover on forecasted temperatures:
During the day the sun heats the earth. If skies are clear, more heat reaches the earth's surface (as in the diagram to the right). This leads to warmer temperatures.

However, if skies are cloudy, some of the sun's rays are reflected off the cloud droplets back into space. Therefore, less of the sun's energy is able to reach the earth's surface, which causes the earth to heat up more slowly. This leads to cooler temperatures. 

Forecast Tip:
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When forecasting daytime temperatures, if cloudy skies are expected, forecast lower temperatures than you would predict if clear skies were expected. 

At night cloud cover has the opposite effect. If skies are clear, heat emitted from the earth's surface freely escapes into space, resulting in colder temperatures.
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However, if clouds are present, some of the heat emitted from the earth's surface is trapped by the clouds and re-emitted back towards the earth. As a result, temperatures decrease more slowly than if the skies were clear.

Forecast Tip:
When forecasting nighttime temperatures, if cloudy skies are expected, forecast warmer temperatures than you would predict if clear skies were expected.

Effects of Wind on forecasted temperatures:
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At night, the earth's surface cools by radiating heat off to space. The strongest cooling takes place right near the surface while temperatures at roughly 3000 feet are actually warmer than those at the surface.  On a windy night, some of the warmer air aloft is mixed down towards the surface. This occurs because the winds are faster aloft than at the surface. 

To visualize this, place one hand over the other about six inches apart. The bottom hand represents the air near the surface and the top hand represents the warmer wind higher up. Move the bottom hand slowly and the upper hand faster (to indicate the faster winds aloft). The faster air above and slower air below causes the air to overturn or spin (as in the picture). This overturning motion is how warmer air from above is transported downward on windy nights. 

Forecast Tip:
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On a calm night, the maximum surface cooling can take place. But on a windy night, some warmer air is mixed downward to the surface, which prevents the temperatures from dropping as quickly as they would on a clear night. Therefore, forecast slightly warmer temperatures for a windy night than for a calm night. 

Effects of Temperature Advection on forecasted temperatures:
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Temperature advection refers to change in temperature caused by movement of air by the wind.  Forecasting temperatures using advection involves looking at the wind direction at your forecasting site and the temperatures upstream (in the direction from which the wind is blowing).

For example, consider the two cities represented by the wind barbs. Assume that a temperature forecast is being made for the northern station, which has a reported temperature of 45 degrees. The northern station is cooler than the southern station, but the wind directions are the same, out of the south. The wind is, in effect, blowing from the southern station towards the northern one. Over time, the wind will transport the warmer air located at the southern station towards the northern station (into a region of colder air), so expect the temperature at the northern station to rise. This process is called warm advection. When colder air is being transported by the wind into an area of warmer air, this is known as cold advection. 
Forecast Tip:
When forecasting temperatures, look at the temperatures upstream from the station for which you making a forecast. If they are warmer, that means warmer air is being transported towards your station and the temperature should rise. Put in another way, if there is warm advection occurring at a given station expect the temperatures to increase. In contrast, if cold advection is occurring at a given station, expect the temperatures to drop. 
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Effects of Snow Cover on forecasted temperatures:
As the sun's rays hit the surface of the earth, much of it is absorbed by the surface (as in the diagram). This in turn warms the air near the earth's surface, causing the temperature to rise. 

If there is snow on the ground, some of the sun's energy will be reflected away by the snow, and some of it will be used to melt the snow. This means that there is less energy available to heat the earth's surface and consequently, the temperatures rise more slowly than would occur with no snow on the ground. 

Forecast Tip:
When snow cover is present, forecast lower daytime temperatures than you would normally predict if there was no snow cover. At night, snow on the ground readily gives off heat. This causes rapid cooling.  Forecast the overnight temperature to be lower than you would predict if there was no snow cover. 

Forecasting Temperatures Activity

Scaffolding Activity
Forecasting Scenarios:
For each of the following weather scenarios, indicate what impact each component (cloud cover | winds | advection | snow cover) will have on forecasted temperatures. Indicate whether each weather condition will lead to lower (L) or higher (H) temperatures or indicate "None" if it is not a factor.

	Weather Scenario
	Cloud Cover
	Winds
	Temperature Advection
	Snow Cover
	Resulting Weather

	Example Scenario:
Nighttime forecast, cloud cover, no winds, no snow cover.
	
	
	
	
	

	Scenario 1:
Daytime forecast, cloudy skies with calm winds, no significant temperature advection and no snow cover.
	
	
	
	
	

	Scenario 2:
Nighttime forecast, snow cover, clear skies, no wind.
	
	
	
	
	

	Scenario 3:
Nighttime forecast, cloudy skies, no snow cover, windy and warm advection.
	
	
	
	
	

	Scenario 4:
Daytime forecast, cloudy skies, windy, cold advection and no snow cover.
	
	
	
	
	


Questions:

1. When predicting temperatures what are the major factors to consider?

2. Can one of these factors cancel out (negate the effect) of another of these factors?
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