Mid-Latitude Cyclones Lab
Mid-latitude Cyclones are large weather systems that form around low pressure centers in the Midcontinent of the United States.  These cyclones form from the interaction of cold northern and warm southern air masses.  Read the following Mid-Latitude Cyclones Lab Supplement to learn more about mid-latitude cyclones, frontal systems, and how cyclones and fronts are displayed on weather maps


Weather Maps
The image below is a hypothetical weather map located in the Midcontinent of the United States.  The map shows isobars and the locations (not labeled) of a cold front, a warm front, and their associated cold and warm air masses.  The cross-sectional diagram below the weather map shows the shape of these fronts and air masses along a line running through the letters A, B, C, D, E, and F depicted on the map.
[image: ]
Use the weather map and cross-section to answer the following questions.  This is a critical thinking exercise so you will have to apply your knowledge of mid-latitude cyclones to determine the correct answers.  
1.  At which location on the map and cross-section (A, B, C, D, E, or F) is the cold front?
2.  At which location on the map and cross-section (A, B, C, D, E, or F) is the warm front?
3.  At which location on the map and cross-section (A-C, C-E, or E-F) is the cold air mass?
4.  At which location on the map and cross-section (A-C, C-E, or E-F) is the warm air mass?
5.  In which direction (North to South, South to North, West to East, East to West) is the storm moving?
6.  What is the most likely wind direction (North, South, East, West) at Point D?
7.  At Point D, is the pressure rising or falling?
8.  Why is the pressure rising or falling at Point D?  Base your answer on your answer to Question 7.
9.  Is precipitation more likely at Point D or Point C?
10.  Why is precipitation more likely at this point?  Base your answer on your answer to Question 9.
11.  At Point C, what general temperature change will take place with the passing of the cold front (will the temperature increase or decrease)?
12.  Why will the temperature increase or decrease?  Base your answer on your answer to Question 11.
13.  What is the most likely wind direction (North, South, East, West) at Point B?
14.  At Point B, is the pressure rising or falling?
15.  Why is the pressure rising or falling at Point B? Base your answer on your answer to Question 14.
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EXERCISE 16
MIDLATITUDE CYCLONES

Objective:  To study the pressure, wind, and temperature patterns of midlatitude cyclones.
Resources: Internet access (optional).

Reference: Hess, Darrel. McKnight s Physical Geography, 10th ed., pp. 163-170.

THE MIDLATITUDE CYCLONE

The midlatitude cyclone is the most important storm of the midlatitudes. At the heart of a
midlatitude cyclone is an area of low pressure, as much as 1600 kilometers (1000 miles) across.

The low pressure cell produces a converging counterclockwise wind flow that pulls togeth-
er two unlike air masses (the wind flow is converging clockwise in the Southern Hemisphere).
Relatively cool air from the high latitudes is brought together with relatively warm air from the
subtropics. These unlike air masses do not mix readily. Instead, abrupt transition zones known as
fronts develop between the air masses. At the surface, a mature midlatitude cyclone has a “cool
sector” and a “warm sector,” separated by a cold front (cold air advancing under the warm) and a
warm front (warm air advancing over the cold).

Figure 16-1 shows a typical well-developed midlatitude cyclone in the Northern Hemi-
sphere, mapped with isobars. The lowest pressure is at the heart of the storm, but a trough of low
pressure extends down the length of the cold front as well. As the whole storm migrates eastward
in the flow of the westerlies (left to right in this diagram), air converges counterclockwise into the
low. The cold front typically advances faster than the storm itself and eventually catches up with
the warm front. A cross section through the storm is shown in Figure 16-1b.

Figure 16-2 shows the life cycle of a midlatitude cyclone, beginning with the early devel-
opment of the storm along the polar front, through maturity, and finally the process of occlusion,
in which the cold front catches up with the warm front, lifting all of the warm air off the ground.
After occlusion, the storm generally begins to lose strength and die.

The cross sections shown in Figure 16-2 help illustrate the reasons for the weather typically
brought by these storms. Generally, the heaviest precipitation is associated with the cold front. The
abrupt uplift of the warm air along the advancing, steeply sloping cold front causes the adia-
batic cooling needed to produce clouds and precipitation. Because of the more gentle slope of the
warm front, this region of the storm is usually associated with more widespread but less intense
precipitation than the cold front.

FRONTS ON WEATHER MAPS

There are four common kinds of fronts. Cold fronts develop where the cold air is actively
advancing under warm air. Warm fronts occur when the warm air is actively advancing over cold
air. Occluded fronts develop when the cold front catches up with a warm front. Stationary fronts
represent boundaries between unlike air masses, but neither air mass is actively advancing. Figure
16-3 shows the commonly used weather map symbols for these four kinds of fronts.
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Figure 16-1: A map (a) and a cross section (b) of a typical mature midlatitude cy-
clone. Arrows in (b) indicate the direction of frontal movement. (From McKnight and
Hess, Physical Geography, 9th ed.)

Map view

Cross section

Figure 16-2:

(3) partial occlusion, (4) full occlusion. (Adapted from McKnight, Physical Geography, 4th ed.)
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Stages in the life of a midlatitude cyclone: (1) early development, (2) maturity,
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While it might seem that the most obvious way to recognize a front would be an abrupt
change in temperature from one meteorological data station to the next, such changes are not al-
ways obvious on weather maps. Fronts often represent transition zones that may be 15 kilometers
(about ten miles) or more wide. It is quite possible that the spacing of meteorological stations is
such that a sharp difference in temperature is not clearly visible on a weather map.

Figure 16-4 shows a section of a hypothetical weather map in the Northern Hemisphere
(top of map 1s north) showing isobars, a cold front, and 10 meteorological stations. The weather
map station model was introduced in Exercise 11. In the simplified form used here, the model
shows the temperature, dew point, and wind direction. For example:

40 f

27
In this case, the temperature is 40°F, the dew point is 27°F, and the wind is coming from the north-
east at 15 knots (the “feathers” on the wind shaft point info the wind). We will take a more com-
plete look at the station model in Exercise 17.

The pattern of dew points may be helpful in locating the position of a front. Dew points are
usually lower in relatively dry cold air than in warm air, and so generally there is a drop in dew
points across a front.

Wind direction is another useful indication of the location of a front. Notice in Figure 16-4
that a wind direction shift is observed from one side of the front to the other. In this example, the
wind direction in the cold sector suggests that the cold air is advancing, and therefore, pushing the
position of the cold front toward the southeast.

Also notice the “kink” in the isobars at the position of the front. A cold front is associated with
a trough of low pressure. As a cold front passes, the pressure trend changes from falling to rising.

METEOGRAMS

Meteograms are charts that plot changes in a wide range of weather conditions for a loca-
tion over a 25-hour period. Meteograms may appear in several different formats, but all contain the
same general information. Figure 16-5 is a typical meteogram. The top chart shows temperature
(“TMPF”), dew point (“DWPF”), and relative humidity (“RELH”). Below the temperature charts,
information such as current weather conditions (“WSYM” or “WX”; see Figure I-3 in Appendix I
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Figure 16-4: Hypothetical weather map showing
a cold front.

for an explanation of the symbols used) and wind direction and speed are shown. A middle chart
shows the elevation of the cloud base and visibility (“VSBY”), while precipitation amounts
(“P061” or “PREC”) are shown below. In the bottom chart, atmospheric pressure (“PMSL”) is plot-
ted. The date and time of the meteogram is in Zulu time or UTC (Universal Time Coordinated;
GMT) (see Exercise 3 for a discussion of time zones and Zulu time).

Meteograms clearly show changing trends in weather, such as that associated with the
passing of a midlatitude cyclone. For example, in Figure 16-5 notice the change in wind direction,
the drop in temperature, the decreasing visibility and lower cloud cover, and the onset of precipi-
tation associated with the passing of a front. The trough of the front passed through Boothville,
Louisiana, at about 1200Z on January 9, 2004.
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Figure 16-5:

University of Wyoming

Meteogram for Boothville, Louisiana, on 1/8/04-1/9/04. (Meteogram cour-

tesy of the University of Wyoming)

90

2 ™ ® 2 P 5 ® ® & 0 0 o e 0 0 0 6 ¢ Q@€ ¢ ¢ ¢ ¢ cd







image2.jpeg
Cross section:





