SO244 Lab 9

Analyzing Cold and Warm Fronts

References:  Chapters 11, 12 and Appendix B, MET Today Textbook; Lesson 11.
Materials:   Pencil, Eraser, Colored Pencils, Surface Analysis and IR Satellite image   from 12 Feb 2006, 12Z (charts contained in separate .ppt file).

I.  Simplified Model of an Extra-Tropical Cyclone

A.
Cold and warm fronts are typically associated with low pressure systems called Extra-tropical Cyclones (ETC).  On the page provided below, draw a simplified model of an ETC with associated cold and warm fronts.  Use references listed above for guidance.  Include the following in your diagram, using correct symbology and colors as appropriate:

1.  Low pressure center including 3 closed isobars around it with typical values for an ETC.

2.  Cold and warm fronts in typical orientation to the ETC. 

3.  Most likely air masses (cP, mT, etc.) that would be present:

a.
behind the cold front

b.
in the “warm sector” (between the cold and warm fronts) and 
c.
ahead of the warm front

In each of the 3 regions, write the relative temperature, mixing ratio, and overall density of each air mass (i.e., coldest, warmest, moist, dry, etc.).
4.  A “mock” surface observation (using the station model – see appendix B)  in each region in 3. above, showing realistic values of:

a.
wind direction and speed (note that the wind direction should correspond to the surface isobars).
b.
pressure tendency

c.
sky cover

d.
temperature and dew point
ETC Cyclone Model
B. Which air mass is moving the fastest, and what is happening to the size of the warm sector as time progresses as a result?
C. The resulting cloud and precipitation structure associated with warm and cold fronts are different. Address the following questions.  Explain why, ahead of a cold front, the clouds are more vertically developed and occur over a narrow horizontal width and the weather can be severe, compared to ahead of a warm front, where the clouds are stratiform, spread over a larger horizontal width, and the weather is not severe.  The correct answers in A. and B. above will help for the explanations.  
II.
ETC case study
A strong cold front associated with an ETC passed through the mid-west and east coast between 12 and 14 March 2006.  Severe weather, including over 100 tornadoes (causing 9 fatalities in Missouri), hail, damaging winds, and heavy rains occurred as this cold front passed through the mid-west on 12 March.  

Use the charts provided for this case study to answer the following questions or make the following observations about the structure of ETCs and their associated fronts.  Be sure to reality check your answers using the concepts in the simplified model of fronts and ETCs.
1. Locating ETC and Fronts on Satellite Imagery and Surface Analyses 
a. Notice on the surface analysis charts that there is a trough of low pressure (i.e., a “dip” in the isobars) that coincides with the location of both the warm and cold fronts.  This is one signature that meteorologists look for when locating fronts on a surface pressure chart.  This trough of low pressure means that a particular location will experience a relative minimum in surface pressure at the time the front passes.  Keep this in mind when analyzing the time series data for selected cities.

b. Compare the corresponding Surface Analyses and IR satellite images for 12 Z 13 March, 00Z 14 March, and 12Z 15 March. 
i. Observe that both the center of the ETC (low pressure center) and the location of the cold front are apparent in the IR image and match the respective locations on the surface analyses.  
ii. Notice also the correlation between highest cloud tops on the IR images and locations of heaviest precipitation on the surface analyses.

iii. Observe the different structure and extent of clouds around the cold front vs. the warm front – see I.C. b. above.

2.
Horizontal Variations – Surface Analyses

Recall that a surface analysis shows horizontal variation in weather features at a particular time.  Use the surface analyses to answer the following questions:

a. On 12 Z 13 March, compare the weather for Des Moines, IA and Nashville, TN.  

i.   What type of air mass is each city under the influence of at this 


time?

ii.  In which region of the storm is each city located at this time (i.e., warm sector, ahead of warm front, behind cold front)?

iii.  Look at the station model data for Des Moines, IA and Nashville, TN.  Compare the magnitudes (i.e., which city has a higher or lower value – no calculations needed) of the following variables for each city:



Temperature



Wind direction and Speed



Mixing ratio



Relative Humidity



Cloud Cover and weather
The comparisons should make sense based on the location of each city with respect to the cold front.

b.
Now compare the station model data for Nashville at 12 Z on 13 March vs. 12 Z on 14 March.

i.
What has happened in Nashville over this 24 hr period in terms of frontal passage?  

ii. How do the station observations at each time reflect that? (Compare temperatures, dew points, and wind direction).

iii.
How has the air mass classification over Nashville changed over the 24 hr period?

c.
Note that many cities in the “warm sector” are experiencing fog at 12Z on the 13th.  What type of fog is likely occurring (note: what time of day is it at 12Z at these locations)?

d.
Where are the strongest surface winds?  What must be true about the surface horizontal temperature and pressure gradients in this region?
e.
12 Z vs. 00Z analyses – Note on the surface analyses that the cold front is more intense (in terms of vertical and horizontal extent of clouds and precipitation rates) at 00Z vs. at 12 Z.  What is affecting the likelihood of convective activity at 00Z vs. 12 Z (note again:  what time of day is it in the eastern U.S. at 12 Z and 00Z?)
f.
Airports in Cincinnati, New York City, and Boston may have experienced delays around 00 Z on 14 March.  What weather (wind, rain, fog, etc.) most likely caused the delays?
2. Time Series – Meteograms for Select Cities
Recall that meteograms show time variation of weather features at a particular location.  Attached are meteograms (time series surface observations) for Nashville, TN, Buffalo, NY, and Dulles Int’l Airport.  Use these to answer the following questions.
a.
Look at the trends in wind direction, temperature and dew point, and pressure on the meteograms.  For each city, identify, directly on the meteogram, the time of frontal passage, and the type of front (cold or warm) that passed through.   In addition to using the simplified model for guidance as a reality check, use the 12 Z and 00Z surface analysis charts for another check of the conclusions.
NOTE: A diurnally-induced decrease in temperature and dew point can be a false indicator of frontal passage.  Pressure and wind direction trends will be your most obvious indicators.

b.
Did each city experience weather associated with the front before, during, or after frontal passage?

c.
Compare the type and duration of precipitation between BUF and BNA.  Which city had more severe weather?  Which city experienced precipitation for a longer duration? Do the differences match the types of frontal passage that each city experienced?

d.
Which city experienced the lowest surface pressure?  Explain why.
e.
At IAD – What was the value and time of max temperature on the 13th? What caused the temperature to get this high? 
3.
Using the surface analyses, satellite imagery, and meteogram for IAD, write a plausible text weather forecast for Washington D.C. for 12Z on 13 march to 12 Z on 14 March, based on this “hindsight” data.  Include sky conditions, temperatures, wind speed and direction, and weather, and any changes in these conditions over this time period.

III. Application – Locating a Surface Cold Front
The objective of this section is to use meteorological products to locate an ETC and its associated cold front, utilizing the analysis skills from the previous sections as well as previous labs.  Refer to the frontanalysis_student.ppt file which contains the IR and VIS satellite images and surface data for 31 March 12Z.

Print out the attached 31 March 12Z U.S. Surface Data map titled “US – DATA”, and do the following:

A. Analyze the surface pressure field (using 4 mb increments starting with 996 mb and ending with 1016 mb) around the ETC which has a low pressure center over Minnesota (hint: see satellite image).  Review lab 2 for conventional surface pressure analysis procedures.  Use correct symbology and colors as well.  NOTE:  Use the 2nd Surface Data chart (with the NOAA symbol on the bottom left) to supplement missing data on the “US – DATA” chart being analyzed.
B. Based on the analyzed pressure field, the surface observation data, and the accompanying IR and VIS Satellite images, locate and draw in the surface cold front using conventional symbology and color.  Use the principles of the simplified model and 12-14 March case study for guidance.  
HINTS to locate the cold front:  Look for wind shifts (from Southerly ahead to NW-erly behind the cold front), dew point depression changes (small ahead of the front (warmer, higher RH) to larger behind the front (cooler, lower RH), cloud patterns in satellite image (sharp cloud line defining cold front and circulation around the low center), dip in isobar pattern (trough) south of the low (defines location of cold front), weather, and cloud cover shown in the observational data.
