CHAPTER 2

THERMAL WIND VECTOR

OBJECTIVE


Determine the thermal wind and its relationship to temperature advection.

INTRODUCTION


The thermal wind isn't really a wind at all, but to a forecaster at a remote site without any centralized charts, it can provide a wealth of information.  This chapter defines and describes how the thermal wind can be effectively used.
INFORMATION

THERMAL WIND VECTOR

Calculated Wind


The thermal wind vector (Vth) is a calculated wind (non-existent/theoretical) found by computing the vector difference of the geostrophic winds at two levels for the same location.


The equation below relates the vertical shear of the geostrophic wind to the horizontal temperature gradient gradient.  Note: Nothing actually moves in the direction of the thermal wind. Vth = Vgu - Vgl, where Vgu is the upper wind, and Vgl is the lower wind.


The magnitude, or length, of this vector is proportional to the strength of the mean temperature gradient within the layer (thickness packing, see Figure 2-1).  The direction indicates the orientation of the thickness lines with cold air on the left and warmer air to the right or with the thermal wind to your back, colder temperature is to your left.
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Figure 2-1.  Thermal Wind Calculation Using Vector Subtraction

The observed winds above the gradient level (which are approximately geostrophic) are commonly used to calculate the thermal wind vector, rather than determining the geostrophic wind at each level.

Interpretation


Winds veering with height indicate warm-air advection (WAA) in that layer.  Winds backing with height indicate cold-air advection (CAA) in that layer as indicated in Figure 2-2.
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Figure 2-2.  Determining Vth with Skew-T

Characteristics


The thermal wind vector is parallel to the thickness lines just as winds are parallel to isobars.  Colder air and lower thickness values are to the left, while warmer air and higher thickness values are to the right of the thermal wind vector (see Figure 2-3).
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Figure 2-3.  Thermal Wind and Thickness Lines


Within the boundary layer, friction causes the actual winds to veer with height and may not accurately indicate advection.  Therefore, it is best to use winds above 3,000 feet AGL.

REVIEW EXERCISE 2-1

Use the Skew-T for Station A in WB-100 to calculate the Vth for the following layers:

1.
1,000 mb to 500 mb

2.
850 mb to 500 mb

3.
850 mb to 700 mb

4.
700 mb to 500 mb


THERMAL WIND APPLICATION
Main Uses

Advection Trend.  Look at the strength of advection and layers of warm, cold, or neutral temperature advection over a region.  Remember you can use vector addition divided by 2 (for two levels) to find the mean wind (V) for the layer.  This represents the magnitude and direction for that layer.


Mean advection for the layer
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Figure 2-4.  Mean Wind Direction


Type of thermal advection.  The type of thermal advection can be determined by combining the thermal wind vector (Vth)with the mean wind vector for a layer:


Step 1.
Find the Vth by vector subtraction.


Step 2.
Find the mean wind vector by vector addition.


Note that the mean wind crosses the thickness lines from cold to warm in Figure 2-5, indicating cold-air advection toward the southeast (from the NW).
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Figure 2-5. Type of Thermal Advection

Stability.  Cold-air advection (CAA) under warm-air advection (WAA) indicates increasing stability, because the density of the air increases at the surface and decreases aloft.  WAA under CAA indicates decreasing stability, because the density of the air decreases at the surface and increases aloft.  Therefore, changes in atmospheric stability can be determined from the wind field in the vertical (use skew-T soundings, if available, or mandatory levels from constant pressure charts).  See Figure 2-6.
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Figure 2-6.  Stability Determination

REVIEW EXERCISE 2-2

Use Figure 2-7, Thickness Chart, to answer questions 1 and 2.

1. What type of temperature advection is occurring at station A?

2. Does the thickness chart agree with the Skew-T in WB-100?

3. If the winds from 1000 mb to 850 mb are backing and the winds from 850 mb to 700 mb are veering, what is the atmospheric stability over the station?

Mesoscale

The concept of thermal wind is extremely useful in single station analysis and forecasting.  With one skew-T sounding you can determine the type and magnitude of advection between all levels.

Synoptic Scale

Since the thermal wind vector represents the orientation and strength of the mean temperature gradient in a layer the, thermal wind vector will be oriented parallel to the thickness contours.  In most operational weather offices, the type and strength of advection is determined from the 1000-500-mb thickness chart.  This chart is derived by subtracting the heights of the 1000-mb level from the 500-mb level.  The use of this chart in determining advection is covered in the next chapter.

SUMMARY

This chapter has dealt with the thermal wind vector.  For not even being a wind at all, it is still very important to forecasters.  Without knowing whether WAA or CAA is occurring it would be impossible to determine stability changes of the atmosphere, evolution of systems and fronts, and of course to make reliable forecast. 

Figure 2-7.  Thickness Chart
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