CHAPTER 7

500 MB HEIGHTS/VORTICITY CHART ANALYSIS

OBJECTIVE

Given a 500 mb Heights/Vorticity chart, analyze correctly for shortwaves and vorticity as determined by a master solution. 

INTRODUCTION

Now that you have learned how to analyze the thickness chart, which provides information about thermal advection, you need to be able to locate areas of convergence and divergence aloft.  In the last chapter, you learned that divergence aloft cannot be determined by casually glancing at the winds on upper level charts.  You were taught to evaluate divergence based on vorticity advection.  At first, this concept may not make sense since vorticity is not a “thing”, but rather a measure of the “spin” in the wind field.  It does not make sense to advect a property of the wind with the wind itself.  This is why your instructor emphasized that vorticity advection does not cause divergence, but rather, only indicates divergence.  By analyzing the vorticity field for areas of significant positive vorticity advection (PVA) and negative vorticity advection (NVA), you can determine where significant divergence and convergence are occurring. 

The second use of the vorticity chart is the location of the jet stream.  While the jet stream is normally analyzed on the 200 and 300 mb charts, the vorticity chart can be used to obtain information about the jet stream as well.  In chapter 4 you learned that vorticity is caused by both shear and curvature of the wind field.  Since jet streams are associated with strong shear, they are identifiable on the vorticity chart because of the shear they create.  Operationally, very few 200 mb and 300 mb progs are sent to field forecasters.  Forecast vorticity charts, however, are normally available for periods up to 48 hours in advance.  If you are able to locate the jet stream on the vorticity chart, you can get and estimate of the jet stream position up to 48 hours ahead of time.  You will find this useful when you begin forecasting. 

As with the thickness chart, vorticity chart analysis should be thought of as more than coloring areas and drawing lines.  While you are drawing lines and shading areas of the chart, you should be thinking about the dynamical processes which are occurring in the atmosphere.  By the time you are finished analyzing the chart, you should be able to intelligently brief the weather situation occurring on the chart. 

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

INFORMATION

500 mb heights/vorticity chart

A sample 500-mb heights/vorticity chart contains solid lines representing the 500-mb height contours.  They are drawn every 6 dam from a reference 558 dam contour.  Dashed lines are isopleths of absolute vorticity.  They are drawn every 2 units.  To determine the numerical value of the absolute vorticity, multiply the plotted value by 10-5 rad/sec (or 1 rad / 100,000 sec).  
This number is the absolute vorticity in units of radians per second.  
Example: the line labeled 12 represents an absolute vorticity of 12 x 10-5 rad/sec.  Areas labeled “X” (Absolute vorticity maXimum) are located at the center of a region of cyclonic (counterclockwise) spin.  Absolute voriticity maximum indicate an area of large absolute vorticity and positive relative vorticity.  The region of maximum cyclonic vorticity is produced by cyclonic shear and/or curvature of the wind.  
Areas labeled “N” (Absolute vorticity miNimum) are located at the center of a region of anticyclonic (clockwise) spin.  They indicate areas of small absolute vorticity and negative relative vorticity.  The region of minimum cyclonic vorticity (maximum anticyclonic vorticity) is produced by anticyclonic shear and/or curvature of the wind.
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Figure 7-1.  Sample 500 mb Heights/Vorticity Chart

TERMINOLOGY

A vorticity lobe is defined as a region in which vorticity isopleths are elongated.  
Types of  vorticity lobes include advection lobes.  An advection lobe is an area in which the axis of the lobe is nearly perpendicular to the wind flow.  
In other words, the axis is nearly perpendicular to 500-mb height contours.  Curvature of the wind flow is usually large.  
In a trough, advection lobes are usually associated with a short jet streak.  
Usually PVA and NVA regions are close together on either side of the lobe’s axis.
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Figure 7-2.  Vorticity Advection Lobes
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Shear lobes describe an area in which the axis of the lobe is nearly parallel to the wind flow.  In other words, the axis is nearly parallel to 500-mb height contours.  
Shear of the wind flow is large.  In a trough, shear lobes are usually associated with an elongated jet streak.  
Usually the lobe’s PVA and NVA regions are far apart.

Figure 7-3.  Vorticity Shear Lobes

THE RELATIONSHIP OF THE JET STREAM TO VORTICITY.

While the jet stream is typically thought of as a (relatively) continuous band of strong winds around the hemisphere it is useful to further divide the jet stream into two types which have different characteristics.

Types of Jet Segments associated with Troughs

A channel jet is a segment of the jet stream where the vorticity isopleths are parallel to the 500-mb height contours.  They are associated with shear lobes.  Although not all channel jets will show well defined shear lobes there is a close correlation between the two.  
Vorticity advection may occur near the entrance and exit (i.e., rear and front) regions of the channel jet, but not along the jet axis.  The jet axis is well defined. A clearly defined band of strong wind exists. The jet axis will parallel the contours almost perfectly.  Channel jets are associated with jet maxima (i.e., jet streak).  The strongest winds occur in regions where the jet is channeled. The vorticity field is dominated by shear vorticity.  
The 500-mb isotherms parallel the contours. No temperature advection is occurring.
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Figure 7-4.  Channel Jet
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An advection jet is a segment of the jet stream where the vorticity isopleths cross the 500-mb height contours at significant angles.  They are associated with advection lobes.  
Vorticity advection will occur along the jet axis.  
Sometimes, the jet axis will cross the height contours at significant angles.  In these cases:  (1) 
In regions of positive vorticity advection (PVA) the jet axis will cross toward lower heights (in the +S direction downstream).   (2) 
In regions of negative vorticity advection (NVA), the jet axis will cross toward higher heights (in the +S direction downstream).  Advection jets are associated with curvature of the wind flow.  
The 500-mb isotherms cross the contours. Temperature advection is occurring.

Figure 7-5.  Advection Jets

The jet stream axis relative to vorticity (shear lobe) is positioned with vorticity maxima on the +n (cyclonic shear) side of the jet and vorticity minima on the ‑n (anticyclonic shear) side of the jet.  It lies  between the minima and maxima.  
Shear lobes which represent axes of high absolute vorticity (normally extending from maxima) will be aligned nearly parallel with the cyclonic shear (+n) side of the jet.  Shear lobes which represent axis of low absolute vorticity (normally extending from minima) will be aligned nearly parallel with the anticyclonic shear (‑n) side of the jet.
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Figure 7-6.  Jet stream Placement on the Vorticity Chart

A well defined shear lobe indicates a channeled jet and the presence of a jet max.  The jet axis is parallel to the 500-mb contours in this region. A good indication of where possible jet maxima may exist are between ‘X’ and ‘N’ shear lobes where a strong lateral vorticity isopleth gradient is present.  A well-defined advection lobe indicates an advection jet. The jet axis may either cross or parallel 500-mb contours in this region.  

VORTICITY ADVECTION AND JET STREAM DIVERGENCE

Vorticity advection regions in jet maxima coincide with and jet-induced divergence.  As already discussed in section c. (6) (b), supergradient and subgradient winds generate regions of convergence and divergence.  

For a jet max in straight-line flow (No curvature), the divergence/convergence pattern produced by these jet winds occurs in four quadrants corresponding to PVA/NVA.

1
Left Rear Quadrant = CONV and NVA

2
Right Rear Quadrant = DIV and PVA

3
Left Front Quadrant = DIV and PVA

4 Right Front Quadrant = CONV and NVA
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Figure 7-7.  Jet max in straight line flow

For a jet max in a trough (i.e., cyclonically-curved flow):

1
Left Rear Quadrant = CONV and NVA

2
Left Front Quadrant = DIV and PVA

3 The DIV / CONV and PVA/NVA in the Right Rear and Right Front Quadrants are difficult to assess.
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Figure 7-8.  Jet max in trough

For a jet max in a ridge:

1
Right Rear Quadrant = DIV and PVA

2
Right Front Quadrant = CONV and NVA

3 The DIV / CONV and PVA / NVA in Left Front and Left Rear Quadrants are difficult to assess.
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Figure 7-9.  Jet max in ridge

As will be developed in the next section, there are direct relationships between PVA and DIV and between NVA and CONV.  
CONV/DIV patterns are very difficult to manually estimate (eyeball) on upper-tropospheric charts.  Vorticity advection patterns help identify possible regions of CONV/DIV. Used to be, the only practical way to evaluate regions of CONV / DIV was through the use of vorticity advection patterns.  Recently, computers allow more direct techniques.  However, vorticity and vorticity advection patterns remain a powerful tool for quickly assessing the potential of a shortwave to maintain vigorous CONV/DIV patterns.  
The next objective will provide ways to evaluate the vertical motions resulting from a combination of vorticity and thermal advection patterns.

SHORTWAVE POSITIONING UTILIZING VORTICITY                                              (ADVECTION LOBE ONLY)

Winds turn cyclonically across a short-wave trough axis, anticyclonically across a short wave ridge axis.  
The turning of the wind is reflected in the vorticity field, since vorticity is (in part) a measure of the curvature of the wind.  
Since short-wave trough and ridge axes are perpendicular to the contours, the vorticity lobe should show up as an elongated pattern oriented nearly perpendicular to the contours.  Short-wave troughs are often associated with advection lobes extending from vorticity maxima.  Short-wave ridges are often associated with advection lobes extending from vorticity minima.  The position of a shortwave on the 500-mb chart should correspond to the advection lobe axis on the vorticity chart. If the short wave extends to other levels, it will stack in the manner described earlier in Dynamics I.  Advection lobes are "clues” to the existence of a short wave.  
A short wave should not be drawn in solely because of the presence of an advection lobe.  
Every short wave may not have a well defined advection lobe associated with it.

500-MB HEIGHTS/VORTICITY CHART PREPARATION

Analyze the vorticity lobes and sketch the axis of all vorticity lobes (advection and shear) in black.  
Vorticity lobes associated with troughs are elongated areas of high absolute vorticity depicted as solid lines. (These usually, but not always, extend from vorticity maxima).  
Vorticity lobes associated with ridges are elongated areas of low absolute vorticity depicted as sawtooth lines. (These usually, but not always, extend from vorticity minima). 

Analyze areas of vorticity advection.  
Regions of SIGNIFICANT positive vorticity advection (PVA) are outlined and shaded RED. PVA occurs in regions where the wind blows higher absolute vorticity into a region presently occupied by lower values.  
Regions of SIGNIFICANT negative vorticity advection. (NVA) are outlined and shaded BLUE. NVA occurs in regions where the wind blows lower absolute vorticity into a region presently occupied by higher values.  
Draw the position of the jet stream axis on the vorticity chart in black. Use the technique described earlier.

SUMMARY

Thorough analysis of the vorticity chart is critically important to understanding the atmosphere.  The vorticity chart is a valuable support chart and provides useful information of the presence of convergence and divergence aloft as indicated by the existence of NVA and PVA.  Remember, PVA is an indicator where divergence aloft is present and NVA is an indicator of where convergence aloft exists.  Placing the jet on the 200 and 300 mb charts is much easier if you have thoroughly analyzed the vorticity chart first.  Possible locations of jet maxs may be indicated on vorticity charts in areas where “X-N” distribution of vorticity isopleth gradients are tightest (strongest).

REVIEW EXERCISE 7

The following exercises are designed to let you practice analyzing vorticity charts.  Solutions are provided at the end of this student text.  NOTE:  On the vorticity charts 1 through 3, locate and label areas of significant PVA and NVA.

1.  The chart is from 12Z 13 Feb 1990.

2. The chart is from 12Z 13 Mar 1991.

3. The chart is from 12Z 27 Mar 1991.

NOTE: On the vorticity charts 4 and 5, locate and label the vorticity lobes.

4. The chart is from 00Z 23 Aug 1988.

5. The chart is from 00Z 13 Sep 1988.

NOTE: On the vorticity charts 6 and 7, locate and label the vorticity lobes and jet stream axes.

6. The chart is from 00Z 23 Sep 1988.

7. The chart is from 00Z 14 Dec 1988.

8. The chart is from 12Z 14 Feb 1990.

NOTE:  Completely analyze the following vorticity charts.

9. The chart is from 00Z 20 Sep 1988.

10. The chart is from 12Z 26 Jan 1990.

11. The chart is from 00Z 23 Jul 1991.
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