CHAPTER 2

SOUNDING ANALYSIS 
INTRODUCTION

With the information era upon us, plotting Skew-T’s and hodographs by hand has become a thing of the past.  However, analysis and application of the information they convey is as important as it has always been. By understanding the elements used in the development of the derived indices, the Skew-T and hodograph are very useful tools  for forecasting potentially severe weather.  A Skew-T provides important information related to the vertical profiles of temperature and moisture and hodographs complete the picture by providing an assessment of the vertical wind shear. In this section you will learn more about these tools, their applications, and look at the reasoning behind  various convective parameters and  stability indices.

INFORMATION

SOUNDING TERMINOLOGY

Standard Atmosphere 


Traditional skew T-log P charts all have a line that is referred to as “the standard atmosphere”. It is a profile agreed upon internationally and is used as a reference for aircraft and ballistic calculations.  It is a good idea to have this idealized temperature profile in your mind whenever you examine a skew-T because you can easily compare the observed profile to this standard in your mind to determine dramatic departures from “the norm” particularly significant inversions and/or noticeably higher or lower tropopause levels. 
Lifted Condensation Level (LCL)
The LCL is the height at which a parcel becomes saturated when lifted by a mechanical force i.e. flow forced over higher terrain or up frontal surfaces.  Clouds will begin to form when air becomes saturated and water vapor condenses.  The LCL is determined from any pressure level by intersecting a line from the temperature parallel to the dry adiabats with a line from the dewpoint parallel to the mixing ratio lines.  Reducing the temperature or increasing the moisture (raising the dewpoint) will lower the height of the LCL.  

Convective Condensation Level (CCL)

The CCL (Figure 2-1) is the height at which a parcel becomes saturated when heated from below.  The CCL is determined by following a line from the surface dewpoint parallel to the mixing ratio lines until the line intersects the temperature curve.  Since surface heating and surface moisture determine the CCL, the CCL can only be calculated from the surface.
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Figure 2-1.  Convective Condensation Level

Level of Free Convection (LFC)

The LFC is the height at which a lifted parcel of air becomes warmer, or less dense than the environment. This is a very important ingredient when forecasting convection. Once the parcel is at a height that it is less dense than it’s surroundings it is free to “convect” and the thunderstorms begin to fire. Determining the height of the LFC and whether or not it will be reached is a significant forecasting challenge.
Equilibrium Level (EL) 

The EL is the height at which the temperature of a positive buoyant parcel becomes equal to that of the environment. This too is an important part of the convection puzzle. The EL is the limiting height for convective storm growth. Only the most intense convection significantly overshoots the EL, which can be seen as overshooting tops on satellite imagery.
SOUNDING PARAMETERS

Convective Available Potential Energy (CAPE)

The CAPE is defined as the positive energy available for storm growth.  It is the area between the path of a parcel lifted from the Level of Free Convection (LFC) to the Equilibrium Level (EL) and the actual temperature profile. It is referred to as buoyancy and often denoted as B.  CAPE can be either positive or negative.  Positive CAPE (B+) is where the lifted parcel is warmer than the surrounding environment and it is associated with instability and the potential for upward vertical motion..  Negative CAPE (B-) is where the lifted parcel is colder than the actual environment and it is associated with stability. A small area of negative CAPE near the surface is referred to as the cap or lid. If the negative buoyancy or cap strength is too much to overcome storms may never initiate. However, if the cap is not broken until daytime heating is near its maximum, this lid can actually serve to let the “fuel” (heat and moisture) build near the surface until intense convection initiates explosively when the cap is broken!
Severe weather can occur with a wide range of CAPE values.  In general, values greater than 1,000 are associated with severe thunderstorms.  Values greater than 2,500 are commonly associated with tornadic development.  Increases in CAPE values coincide with increases in both strength and speed of the updraft core.  This maximum updraft speed is calculated by SHARP or RAOB and displayed as Max UVV.  An increase in the strength of the updraft core corresponds to an increase in the likelihood of severe weather.  The larger the Positive Energy Area (PEA) on the Skew-T, the larger the CAPE value. The distribution of the CAPE in the vertical has an impact on storm structure. For two soundings with the same overall CAPE value, and all other things being equal, the one that has more PEA at lower levels in the storm will produce a stronger updraft.
Hodograph Length
The length (and shape) of the hodograph reveals important information about the likely impact of the vertical wind shear on storm structure and motion. When the vertical wind profile is sheared, horizontal vorticity is present in the environment. As the vertical wind shear strength increases, the interaction between the shear and the surface cold pool associated with a thunderstorm can enhance the lifting on a preferred storm flank. 

A hodograph plot is an excellent tool for examining the strength of the vertical wind shear. It is also important to note how the wind shear is distributed throughout the hodograph. A hodograph with strong low-level shear has very different implications for storm structure than does a hodograph with equal total shear, but little shear at low levels.

Let’s talk about low-level shear first. In mid-latitude environments the LFC tends to be high, cold pools are quite strong, and vertical wind shears of 10 kts (5 m/s) over the lowest (~5000 ft) 2.5 km AGL are generally too weak to significantly enhance lifting. Shears of 20-40 kts (10-20 m/s) over this depth, however, are usually sufficient to create deeper lifting thus creating enhanced cell regeneration along the downshear side of the spreading cold pool. Strong low-level shear is very favorable for multicell regeneration either in an isolated storm or within a squall line. 
In more tropical environments for which the LFC is low and cold pools are significantly weaker, 10 kts (5 m/s) of low-level shear may be sufficient to significantly enhance cell regeneration along one edge of a spreading gust front. 
The following table shows approximate guidelines for midlatitude deeper shears of 0-4 or 6 km (10.5-16 kft) AGL and their most likely storm types given convection occur.
Hodograph Length (~0-13 kft layer AGL)

Cell Type
< =10 m/s (~20 kts)




Ordinary Cells

15-20 m/s (~35 kts)




Multicells

> =25 m/s (~50 kts)




Supercells

Table 2-1
At midlatitudes, short hodographs (< 20 kts over the lowest 6 km AGL) with an unorganized structure are commonly associated with single cell air mass type thunderstorms (when storms develop).  In these environments the downdraft falls back into the updraft, resulting in the storm quickly choking itself.  Extensive severe weather is rare with this type of configuration and thunderstorms are short-lived.

Longer hodographs (>= ~50 kts over the lowest 6 km AGL) are commonly associated with supercell storms. Moderate length hodographs (~35 kts over the lowest 6 km AGL) support cell regeneration and usually are associated with multicell storms.

We’ll talk more about hodograph interpretation later in this chapter.
CAPE and Shear  
CAPE and vertical wind shear are two good severe weather indicators, which should be analyzed together (see the BRN parameter).  A low CAPE may indicate no severe weather, but a high shear value (long hodograph) with strongly forced storms can overcome low buoyancy to form intense rotating updrafts and strong tornadoes. High CAPE values may also overcome low shear values (short hodographs) and some cases of extreme CAPE and low shear values combinations have also been observed in association with strong tornadoes.

Bulk Richardson Number (BRN)

This convective forecast parameter combines the relationship between CAPE and shear.  It is used as an indicator of likely thunderstorm type once other variables predict thunderstorm development.  BRN= B+/BRN SHR, where B+ = CAPE and BRN SHR= the mean vertical shear value in the lowest 6 km.  A low BRN, which is a value of < 10, indicates that strong vertical wind shear will likely tear developing updrafts apart before the storms are capable of producing severe weather.  High BRN, values of > 50, indicate that new cold pools may outrun developing updrafts reducing lift and in general that the shear is likely too weak for supercell formation. The optimum BRN for supercell convection is in the mid-ranges where moderate BRN, values between 15 and 35, provide the best CAPE and shear balance for supercell development.

Storm Relative Helicity (SRH)

Storm relative helicity is a parameter that measures the potential for rotation in the thunderstorm's updraft. Storm relative helicity is one way to measure of the amount of rotation created by the vertical shear in a storm’s relative inflow that is parallel to the mean wind.  



Helicity can be easily visualized and calculated on a hodograph. SRH is proportional to the area between the assumed or actual storm motion and the hodograph curved over the layer assumed to be associated with the storm inflow (usually 0-3 km AGL). SRH tends to be high for curved hodographs, but low if the shear creates a mostly straight hodograph. SRH values are very sensitive to the storm motion and users are cautioned that if storm motion is different than that assumed by the sounding program (typically 30 deg right and 75% of the strength of the mean wind, or a better storm motion estimate calculated by the ID/Bunkers method) then the actual SRH values for that storm are quite different that the value you’ve been shown! 
Strong positive helicity values indicate helical flow (like a spiraling football) in the along wind component of the flow that is blowing in the same direction as the mean wind. These values most commonly occur when there is significant clockwise curvature in the hodograph. Significant negative helicity values occur less frequently, but are usually observed when there is noticeable counterclockwise curvature in the hodograph.  Researchers have related helicity values to possible tornado strength High helicity values indicate a greater potential for updraft rotation.  See Table 2-2.

Table 2-2. Typical values of SRH

150 - Supercell development.

150 to 299 - Weak tornadoes (F0 and F1) possible.

300 to 449 - Strong tornadoes (F2 and F3) possible.

> 450 - Violent tornadoes (F4 and F5) possible.


Energy Helicity Index (EHI). This index is based on the relationship between buoyancy (CAPE) and inflow rotation (helicity).  EHI is a useful indicator of supercell tornadic activity once other variables predict SEVERE thunderstorm development.  Positive values (1.0 or greater) indicate a potential for  supercell development and values greater than 2.5 indicate the likelihood of significant tornadoes.


Hodographs

As mentioned before, a hodograph is a method of graphically displaying the sounding wind information. The hodograph is ideally suited for displaying vertical wind shear. Winds are plotted as vectors relative to a single point. Using a polar stereographic grid, shear is revealed by drawing shear vectors from the ends of each wind vector in sequence of increasing height.   
 
In addition to the magnitude of the shear (hodograph length) discussed above, the shape of the hodograph is also important in anticipating storm structure and evolution. In general we are most concerned with whether the hodograph is relatively straight or curved, and when it does curve, the level through which it curves, and whether it curves clockwise or counterclockwise with height. These variations all have implications for storm structure. We know that vertical wind shear is created both by changes in wind speed with height (speed shear) and changes in wind direction with height (directional shear). It is true that speed shear alone results in a straight hodograph (unidirectional shear), and that directional shear alone results in a curved hodograph (the shear vector turns with height), but combinations of the two can create any kind of pattern! 
For example, both of the straight hodographs illustrated below should lead you to anticipate splitting supercells if convection occurs. 
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Figure 2-2
However, the directional shear of hodograph A reveals backing with height through mid-levels, which is indicative of large-scale cold air advection in this layer. Hodograph B reveals veering winds with height through mid-levels, indicative of warm air advection in that layer. These two profiles would have very different implications for convective potential depending on other environmental factors. Thus, it is very important to consider the large-scale environment as you analyze a hodograph.
More or less straight-line hodographs can result from many different wind profiles. A moderate length and straight hodograph where shear in mostly at the low-levels is very favorable for multicell storms. Stronger vertical wind shear that creates generally straight hodographs promotes storm splitting where both left and right moving supercells can form at the same time! (This refers to storm motion directions relative to the direction of the mean wind.) 

The ID Method (Internal Dynamics) proposed by Bunkers et al is a supercell storm motion technique based on the storm motion one would expect as a result of the influence of the advection of the storm by the mean wind and the interaction of the convective updraft with the sheared environment. 
The steps in the process include, 1, locating a mean wind (generally over the 0-6 km AGL depth), 2) plot the direction of the mean shear vector over that layer, 3) draw a line perpendicular to the mean shear vector through the mean wind, 4) and finally, depending on hodograph shape locate both the left and right moving supercell storm motions (or just one or the other if the hodographs are strongly curved) by locating a spot 7.5 m/s to the left or right of the intersection of the shear vector and mean wind point as shown. 
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Figure 2-3 Graphics are attributed to “Bunkers” Webcast.

It is recommended that you use the ID or Bunkers method as a starting point to predict supercell motion. It is very helpful to know what odd storm motion you may expect out of a supercell storm BEFORE storms are observed on radar. That way if you see a storm moving differently than the mean wind like the other single cell storms you may more quickly recognize it as the serious severe weather threat that it likely is. Given an appropriate hodograph for the environment the storms are triggering in, this technique can take some of the mystery out of supercell storm motion and will help you better anticipate the direction that these dangerous storms will move.
You should always determine if a shallower or deeper mean wind than 0-6 km AGL would be more representative of the storm depth. Be aware of your environment and always look for any boundaries and orographic features such as mountains that may influence supercell motion. Also, don’t forget that the environment and possible supercell motion often changes with time.


OTHER STABILITY INDICES

There are other stability indices in addition to CAPE that can be used to  provide insight to the magnitude of the environmental instability.  Quantitative measurement techniques were devised to analyze the vertical distribution of temperature and moisture to determine convective potential.

Showalter Stability Index (SSI)

This is a measurement of potential thunderstorm intensity.   The temperature of the parcel after being lifted to 500 mb is compared to the environmental temperature at 500 mb.  This correlates to the buoyancy/updraft strength (width of the Positive Energy Area).  There is no provision for dynamic support or triggering mechanisms.  See Table 2-3.

Table 2-3.  Values equate to stability

> + 3


strong stability

> + 1 to < + 3

moderate stability

> ‑ 3 to < + 1

weak stability/instability

> ‑ 6 to < ‑ 3

moderate instability

< ‑ 6


strong instability (tornadic potential)

Lifted Index (LI)

This process is similar to the SSI except for the depth of the low‑level moisture layer.  The LI typically averages the surface values using the average low‑level moisture layer (CCL) within the lowest 3,000 feet (100 mb).  It is more useful than the SSI if the moist layer does not reach 850 mb or if you are forecasting convection at elevations above 850 mb.  Use the same stability values as the SSI, keeping in mind that values of 0 to -2 are a weak indication of severe thunderstorms.  Values of -3 to ‑5 indicate a moderate probability of severe thunderstorms, and values less than ‑6 indicate a strong probability of severe thunderstorms.  All values greater than 0 indicate a stable atmosphere with NO thunderstorms likely. However, remember as always that conditions can change fairly rapidly and a positive LI in the morning sounding does NOT mean that the stability conditions will be the same later in the day!
Total Totals Index (TT)

The Total Totals index measures potential thunderstorm intensity.  No trigger is considered.  It compares the 850-mb temperature/dewpoint to the 500-mb temperature.  Since it is very sensitive to the 500-mb temperature, it works well for cold core activity.  The procedures are very simple since it requires no plotted sounding or Skew‑T diagram.  The equation is:


TT = CT(Cross Totals) + VT(Vertical Totals) = (850T – 500T) + (850Td – 500T) = 850T + 850Td –2(500T)

Use the following values to estimate severe thunderstorm potential in Table 2-4:

Table 2-4.  Severe Thunderstorm Potential

<50


= Weak

> 50 to < 55

= Moderate

> 55


= Strong

K‑Index (KI)

The K-Index determines potential thunderstorm occurrence with no trigger considered.  It does not indicate thunderstorm intensity; rather it can be translated into probability of thunderstorm occurrence.  Use these values in Table 2-5 to determine the chance of thunderstorm occurrence:

Table 2-5.  Chance of Thunderstorm Occurrence

< 15

= < 20% (none)

15 to 20

= 20%

21 to 25

= 20 ‑ 40%

26 to 30

= 40 ‑ 60%

31 to 35

= 60 ‑ 80%

36 to 40

= 80 ‑ 90%

> 40

= > 90%

Severe Weather Threat (SWEAT) Index

Like other indices, the SWEAT index measures potential thunderstorm intensity with no trigger considered.  It is the only index to apply upper‑level dynamics (vertical wind shear) to static stability.

The sweat index is derived by computation only.  SWEAT = 12D + 20(T‑49) + 2 f8 + f5 + 125(S+.2) where D = 850-mb dewpoint, T = total totals (TT), f8 = 850mb wind speed (ff), f5 = 500-mb wind speed (ff), and S = sin(500 mb dd – 850 mb dd). The values or thresholds are fairly simple, > 300 indicates severe thunderstorms; > 400 indicates tornadoes.

Other Indices

Other indices used include the Fawbush ‑ Miller stability Index (FMI), Martin Index (MI), Thompson Index (TI = KI ‑ LI), and Surface Potential Index (SPOT). Many of the stability indices developed in the U.S. are not nearly as useful for forecasting convection worldwide as they are tailored to Great Plains conditions. However, other indices have been developed for application in other parts of the world (e.g. the TQ index in New Zealand for low topped convection).
Hail Forecasting. Use the Fawbush-Miller hail forecasting technique to determine the potential average hail size based on the existing air mass.  It does NOT consider a triggering mechanism.  This technique gives you an estimate of thunderstorm severity based on hail size. Although it was developed in 1953, nothing significantly better than the FM technique has yet to be identified (with the possible exception of the 88-D radar algorithms for hail.) For now, the best advice is to continue to use the FM technique but realize that it tends to over predict the occurrence of large hail. A plotted Skew-T is required to compute hail size.  Figure 2-4 is available for analysis of severe weather parameters.
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Step 1. Compute the convective condensation level using the moist layer (CCLml) method for the lowest 150 mb of the sounding.  Regardless of moisture content, consider the lowest 150-mb a moist layer.  To compute the CCLml, find the mean mixing ratio for the lowest 150 mb of the sounding using the equal area method.  Follow this mean mixing ratio line upward to the point where it intersects the temperature 

curve.  This is the CCLml. Label this point as point A.  Draw a reference line to the right of this point, parallel to the isobars, at the same pressure level.

   
Step 2.  Find the point on the temperature curve where the temperature is –5°C.  Label this point as point B. Draw a reference to the right of point B, parallel to the isobars, at the same pressure level.

  
Step 3.   From the CCLml (point A), trace a moist adiabat upward until it intersects the reference line of point B. Label this intersection as point B'.

 
Step 4.  Algebraically subtract point B (which will always be -5) from the temperature at point B'.  B' - (-5) or B' + 5. This is the base of the hail triangle.

  
Step 5.  At the reference line for point B, find the point where the reference line intersects the 0°C isotherm.  Label that point as point H. From point H, extend a line down, parallel to a dry adiabat, until it intersects the reference line from point A. Label this point as point H'.

  
Step 6.  Algebraically subtract point H (which is 0) from point H'.  H' - 0.  This is the altitude of the hail triangle.

Step 7. Enter the values for the base and altitude of the triangle into the graph.  This will give you an uncorrected hail size.  To determine whether a correction is or is not necessary, you must compute the wet bulb zero height.  The wet bulb zero (WBZ) height determines the need for and amount of correction needed for hail size computed by the Fawbush-Miller hail forecasting technique.  If the WBZ is 10,500 feet or higher, the hail size at the surface is overestimated and must be corrected.  See Figure 2-5.

[image: image7.wmf]50 C

45 C

40 C

35 C

30 C

25 C

20 C

15 C

10 C

5 C

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0

0

1/4

1/4

1/2

1/2

3/4

3/4

1

1

1.25

1.25

1.5

1.5

1.75

1.75

2

2

2.5

2.5

3

3

4

4

BASE OF POSITIVE TRIANGLE

ALTITUDE OF POSITIVE TRIANGLE

HAILSTONE DIAMETER IN INCHES


Figure 2-5. Fawbush-Miller Hail Graph

Here are the wet-bulb zero height procedures:

Step 1. Construct a LCL for a few pressure levels above and below the dry-bulb freezing level. Insure that you do NOT skip any plotted pressure levels. 

Step 2.  From the LCL, follow a moist adiabat down to the original pressure level. Follow this procedure for each pressure level. This gives you the wet-bulb temperature for that level.

Step 3.  Connect all computed wet-bulb temperatures. This is the wet-bulb temperature curve.

Step 4.  Find the point where the wet-bulb temperature intersects the 0°C isotherm.  This is the WBZ height.  Extend a line parallel to the pressure level of this point to the right until it intersects the altitude scale of the Skew-T/Log P diagram. This is your uncorrected WBZ height.  To correct the height, simply subtract the station elevation from this height. If the WBZ height is below 10,500 feet, no correction is necessary.  If the WBZ is 10,500 feet or higher, enter the graph with the WBZ height and the uncorrected hail size determined earlier.  This will give you the hail size, which has been corrected to account for melting.  See Figure 2-6.
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Figure 2-6. Hail Size Correction Graph
FORECASTING MAXIMUM WIND GUSTS (T1 METHOD)


The T1 method determines a reliable maximum average and maximum peak gust from thunderstorms originating from the existing air mass.  This technique is useful for determining severe thunderstorm potential based on convective gusts only.

Inversion Present  

To use this method, the top of an inversion must be present within the lowest 200 mb of the surface.  The inversion must NOT be susceptible to being broken by surface heating.  To determine if surface heating will break the inversion (12Z Skew-T only), locate the warmest temperature in the inversion.  Next, locate the 850-mb temperature.  At the 850-mb temperature, follow a dry adiabat to the surface.  If the warmest temperature in the inversion is on the cold side of this adiabat, the inversion is subject to being broken by surface heating.  If the warmest temperature in this inversion is on the warm side of the adiabat, then it is NOT subject to being broken by surface heating.  For the 00Z Skew-T, since no further surface heating will occur, any inversion within 200 mb of the surface will NOT be broken.


Step 1.  Locate the warmest temperature in the inversion.  Follow this point up a moist adiabat to the 600-mb level.  Label this point T’.  Label the 600-mb temperature T.


Step 2.  Subtract T from T’.  This gives a T1 value i.e. (T’ – T = T1).


Step 3.  Enter Table 2-6 with the T1 value to determine the maximum average gust.
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T1 Maximum Wind Gust Table


Table 2-6


Step 4.  To find the maximum peak gust, find the average speed for the lowest 5,000-foot of the sounding by adding all the wind speeds and dividing by the number of wind measurements.  Take 1/3 of this average and add it to the maximum average gust determined from step 3.

No Inversion Present

Use this method if no inversion is present, the top of the inversion is above the lowest 200 mb of the sounding, or the inversion is subject to being broken by surface heating.


Step 1.  Forecast the maximum surface temperature.  To do this, find the 850-mb temperature.  From that point, follow a dry adiabat to the surface.  This is the forecast maximum surface temperature.


Step 2.  From the forecast maximum surface temperature, follow a moist adiabat to 600 mb.  Label the intersection point as T’.  Label the 600-mb temperature as T.


Step 3.  Subtract T from T’ to get T1 i.e. (T’ – T = T1).


Step 4.  Enter Table 2-6 with T1 to get the maximum average gust.


Step 5.  To find the maximum peak gust, find the average speed for the lowest 500 feet by adding all the wind speeds together and dividing by the number of measurement.  Take 1/3 of this average and add it to the maximum average gust.  See Table 2-7.

Table 2-7.  Maximum Wind Gusts
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SUMMARY

In this chapter you have learned the importance of local sounding data (Skew-T) for the determination of the likelihood of thunderstorms.  Remember that this is only a tool and that there are several other factors associated with thunderstorms which are not evident from a local sounding i.e. synoptic scale effects, triggers, terrain effects etc. In fact, applying these additional considerations to sounding observations to create “prognostic soundings” that are more representative of the time and conditions when you expect thunderstorms to be more likely is one of the most valuable applications of using a sounding to forecast convection!

You learned that condensation levels are where clouds form.  You should have acquired a feeling for the approximate height in the atmosphere for these levels and how changes in low-level temperature and moisture values will affect these heights.  You should have an appreciation for the intensity of thunderstorms associated with the amount of CAPE and how CAPE (positive energy area) relates to thunderstorm intensity.  You should also have a feeling for how changes in the height of the level of free convection affect CAPE.


You learned the importance of strong low-level shear for multicell storm regeneration and strong deep wind shear for the growth of supercells and how to instantly recognize shear distribution with a hodograph.  You learned several stability indices and where they are most applicable.  In addition you learned that the Skew-T could be used to forecast potential hail size as well as wind gusts.


This information is very important for the short-term convective mesoscale forecast.  In the next chapter we will see how this information affects the growth of thunderstorms.

REVIEW EXERCISE 2

1.
Explain the effect of low-level moisture content on thunderstorm development (in terms of CCL, LCL, LFC, and PEA).

2.
What will be needed to change the stability of -2 to -6?

3.
Describe the SWEAT index and explain why this index in unique.

4.
What is the difference between the LCL and CCL?

5.
What does a BRN between 15and 35 indicate?
6.
Why are Total Totals not used very much in the Southwest U.S.?

7. What two main factors are related to the likelihood for hail?

8. When using the Fawbush-Miller method for to determine average hail size what must be considered before using this information to determine storm severity?

9.
What two parameters of a hodograph are considered
when anticipating storm structure and evolution?

10.
True or False.  Speed shear alone will result in a curved hodograph.
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Figure 2-4.  Skew-T Diagram
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