CHAPTER 3

SURFACE/1000-500 MB THICKNESS CHART ANALYSIS

OBJECTIVE


Given a SFC/1000-500-mb thickness chart, analyze the chart correctly as determined by a master solution.

INTRODUCTION


In Chapters 1 and 2, you learned to evaluate temperature advection using the three rules for advection, and thermal wind vectors.  In this chapter, you will learn how to analyze a thickness chart using some of this knowledge.  Analysis is more than just coloring charts.  While you are drawing lines and shading areas of the chart, you should be thinking about the dynamic processes in the atmosphere, which are occurring.


This chart represents the average thermal structure of the "bottom half" of the atmosphere.  Through the thermal-wind law, it can be shown that advecting the 1000-500-mb thickness lines with the surface isobars (also shown on the chart) gives a good approximation of the average temperature advection occurring in the "bottom half" of the atmosphere. 


A properly analyzed thickness chart will show areas of significant temperature advection.  An analyzed thickness chart provides significant information about the vertical motion and weather likely to occur at any location on the chart.  In Block II, you will learn more about the relationship between thermal advection and the movement of surface weather systems.  Once you know this, you can use the thickness chart to estimate the future position of these systems--in other words, forecast their movement.


Our discussion of the thickness chart begins with a look at the chart itself.  Before you can analyze the thickness chart, you need to understand the significance of the lines depicted on the chart.

INFORMATION
THICKNESS

Thickness is the vertical distance between two constant pressure surfaces.  The thickness of a column of air is proportional to the mean virtual temperature of the layer.  The warmer the column, the greater its thickness.  The colder the column, the smaller its thickness.  Although moisture content will affect the thickness of a column, we normally associate thickness with temperature.  (Moisture has a much smaller impact on thickness than temperature - remember, (Z = kTv and Tv = T + w/6.)  While thickness can be computed using any two constant pressure surfaces, we will work with the 1000-500-mb thickness in this chapter.

SFC/1000-500 MB THICKNESS CHART

In the surface/1000-500-mb thickness chart (see Figure 3-1), the solid lines are isobars of mean sea-level (MSL) pressure, and are drawn every 4 mb from a base isobar of 1000 mb. The dashed lines are isopleths of 1000-500-mb thickness, and are drawn every 6 decameters (dam) from a base of 558 dam.

Figure 3-1.  Sample SFC/1000-500-mb Thickness Chart
USES OF THE SFC/1000-500-MB THICKNESS CHART
Mean Temperature Advection


The SFC/1000-500-mb thickness chart is useful for determining the MEAN temperature advection in the 1000-500-mb layer.  Because of the thermal wind relationship, the mean temperature advection in the 1000-500-mb layer can be estimated by "advecting" the 1000-500-mb thickness lines with the surface geostrophic wind (estimated from the surface isobars using Buys-Ballots Law). 


Warm-air Advection.   WAA occurs in regions where the wind blows higher thickness values into a region presently occupied by lower values.  See  Figure 3-2.

Figure 3.2.  Warm-Air Advection


Cold-air Advection.  CAA occurs in regions where the wind blows lower thickness values into a region presently occupied by higher values.  See Figure 3-3.

Figure 3-3.  Cold-Air Advection


Neutral-temperature Advection.  Neutral advection can occur in a number of ways (see Figure 

3-4); when the wind is calm (very weak gradient), when no thickness gradient exists, (no thickness contours exist), and when the isobars are parallel to the thickness isopleths. 


Figure 3-4.  Neutral-Temperature Advection

The Strength of the Advection.  The strength of the advection is inversely proportional to the area of the "advection boxes" on the chart.  An "advection box" is the box created by the intersection of two successive surface isobars and two successive thickness contours.  The smaller the "advection box" the stronger the advection.  Be careful when using this technique, however, as you can have two advection boxes with the same area, but the orientation of the isopleths and isobars may be different, indicating differences in strength.  See Figure 3-5.

Figure 3-5.  Advection Boxes on the Thickness Chart
Rain/Snow Line


The SFC/1000-500-mb thickness chart can be used to estimate the position of the rain/snow line during the cold season.  In regions where the thickness is greater than 540 dam, precipitation is generally liquid.  In regions where the thickness is lower than 540 dam, precipitation is generally frozen.  The 540-dam thickness line is important because it is a good first guess at the rain/snow line.  The 540 dam rule works well at stations near 500-1000 feet MSL.  Other values should be used for stations above or below this elevation.


REVIEW EXERCISE 3-1

Locate and outline areas of significant thermal advection (use blue for CAA and red for WAA) on the following charts:

Chart 1

Chart 2

Polar Front Jet (PFJ) Stream


The PFJ can be located using the SFC/1000-500-mb thickness chart.  The polar front jet is caused by horizontal temperature contrasts throughout the atmosphere.  These temperature contrasts appear as a region of closely spaced thickness lines called "thickness packing".  The thermal wind relationship shows that regions of strong thermal gradient cause strong winds at upper levels.  The polar front jet is located over (centered on) the tightest thickness packing.  See Figure 3-6.

Figure 3-6. Polar Front Jet Placement on the Thickness Chart

Surface Fronts


Surface fronts can be located using the SFC/1000-500-mb thickness chart.  A front is the boundary between two air masses.  Thickness packing represents the transition zone between air masses.  The surface front always lies on the warm side of the thickness packing.  If warm-air advection is occurring in the thickness packing associated with the front, the front is a warm front.  If cold-air advection is occurring in the thickness packing associated with the front, the front is a cold front.  If neutral-temperature advection is occurring in the thickness packing associated with the front, the front is a stationary front.  Surface fronts are located in surface pressure troughs.  Both the thickness packing and surface pressure pattern must be evaluated when estimating frontal position.  Occlusions are located in/near the thermal ridge associated with a low-pressure system.  This will be discussed in detail in Block II, Dynamics II.  See Figure 3-7.

Figure 3-7.  Frontal Placement on the Thickness Chart

REVIEW EXERCISE 3-2

Locate and label frontal systems and jet axes on the following charts:

Chart 1.

Chart 2.

Chart 3.

CHART PREPARATION

Analyze areas of temperature advection.  Outline and shade regions of SIGNIFICANT warm-air advection red.  Outline and shade regions of SIGNIFICANT cold-air advection blue.  Highlight the 540-dam thickness line with a green marker.  (This is done in school and you may or may not do this in the field/fleet.)  Estimate the position of the polar-front jet and draw it on the chart in black.  (Black is used on the thickness chart, but red is used on upper-level charts.  This is done in school and may not be done in the field/fleet.)  Locate surface fronts and draw them on the chart using standard conventions.  (This is just a first guess at frontal position.  Frontal analysis will be discussed in detail in Blocks II and III.)  See Figure 3-8.

Figure 3-8.  Sample of a Properly Prepared SFC/1000‑500-mb Thickness Chart
SUMMARY


Thorough analysis of the thickness chart is critically important to developing a good understanding of the atmosphere.  Time spent analyzing the thickness chart will be recovered when you analyze the surface and 850-mb charts, since you will find much of the information needed to complete these charts on your analyzed thickness chart.

REVIEW EXERCISE 3-3

Completely analyze the following thickness charts:

Chart 1.

Chart 2.

Chart 3.
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