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Introduction
Upper-air sounding evaluation is a key ingredient for understanding any weather event.
An examination of individual soundings will allow forecasters to develop a fourdimensional picture of the meteorological situation, especially in the vertical. Such an
examination can also help to evaluate and correct any erroneous data that may have
crept into the constant level analyses.
This module is intended to serve as a refresher for operational forecasters and
technicians to assist them in deriving information from upper air soundings, but have
forgotten how to obtain it. This module focuses on evaluating soundings to determine
the convective potential of the atmosphere. Although not specifically addressed in this
module, sounding analysis can also be used to forecast winter precipitation types, fog
formation or dissipation, and temperature forecasts.
The exercises and the final examination used with this module have you analyzing a
hand plotted skew-t. As you proceed through this module, in addition to the exercises,
we encourage you to look at the sounding applications available on your Advanced
Weather Interactive Processing Systems (AWIPS) and apply the concepts and analysis
techniques presented.

Please direct any questions or comments to:
National Weather Service Training Center
Hydrometeorology and Management
7220 NW 101st Terrace
Kansas City, MO 64153-2317
(816) 880-9314

Objectives
Upon completion of this module, you will be able to:
A. Analyze and interpret upper air soundings.
B. Locate and explain the use of the Convective Condensation Level (CCL), Lifting
Condensation Level (LCL), and Level of Free Convection (LFC).
C. Locate and explain the Equilibrium Level (EL).
D. Locate and explain the Maximum Parcel Level (MPL).
E. Compute Maximum Temperature and Convective Temperature.
F. Describe Convective Available Potential Energy (CAPE). Use CAPE values to
determine if the atmosphere is conducive to producing deep moist convection.
G. Describe Convective Inhibition (CIN) energy. Use CIN values to determine if the
atmosphere is conducive to producing deep moist convection.
H. Describe stability of a parcel.
I. Compute stability indices from a plotted sounding. Use stability indices to determine
if the atmosphere is conducive to producing deep moist convection.
Showalter Index
Lifted Index
Best Lifted Index
K-Index
Total Totals
J. Recognize different types of inversions.
K. Identify characteristics of dry microburst soundings.
L. Plot wind vectors on a hodograph. Identify what type of severe thunderstorms are
possible, based on wind hodograph patterns.

I.

Parcel Theory

Nearly all the procedures routinely used to evaluate and analyze the stability of the
atmosphere involve applications of the “parcel” method. The theory assumes a
simplified model of the behavior of the atmosphere. Following is a brief discussion of
the “parcel” method.
The temperature of a small parcel of air is assumed to change adiabatically as the
parcel is displaced vertically from its original position. If the parcel is unsaturated, its
temperature is assumed to change at the dry-adiabatic lapse rate, 9.8 o C/km. If the
parcel is saturated, the change will occur at the saturation—adiabatic lapse rate, which
is approximately 6 o C/km in the lower levels. In addition, it is assumed there is no
transfer of heat or mass across the boundaries of the moving parcel; i.e., the parcel
does not “mix” with nor does it disturb the surrounding air.
If after the vertical displacement, the parcel temperature is warmer than the surrounding
air, it is less dense than the surrounding air and is subject to a positive buoyancy force
and will be accelerated upward. Conversely, if its temperature is colder than the
surrounding air, the parcel will be more dense than its environment and is subject to a

negative buoyancy force. In this case it will be pushed downward until it returns to its
initial or equilibrium position.
The atmosphere surrounding the parcel is said to be stable if the displaced parcel tends
to return to its original position; unstable if the parcel tends to move farther away from
its original position; and in neutral equilibrium when the displaced parcel has the same
density as its surroundings.
According to the theory, the behavior of a parcel which becomes saturated is as
follows. At saturation and freezing, the rising parcel cools at a slower rate because of its
release of the latent heat of condensation and fusion. If the parcel is warmer than the
surrounding air (its environment) it ascends under acceleration from the positive
buoyancy force. As long as the parcel remains warmer than the surrounding
environment, the rate of ascent will increase. The acceleration persists until the height
is reached where the saturation-adiabat path of the parcel crosses the temperature
curve; i.e., where the parcel temperature becomes equal to the ambient temperature of
its environment.
This point has been defined as the equilibrium level (EL). At this point, the rising parcel
has its maximum momentum. Above the EL, the parcel becomes colder than the
environment (negative buoyancy) and is decelerated in the upper negative area until it
stops rising at the maximum parcel level (MPL). There it will begin to descend, since it
is in a zone of negative buoyancy.
It must be pointed out there are many physical processes in actual convection which
are not accounted for by parcel theory. Some of these areas include:
1.

Mixing of the parcel with its environment. This includes entrainment, and mixing
within the convective column itself and at the top of the updraft. In a cumulus
cloud this is manifested by downdrafts, “holes,” etc.; and causes redistribution of
condensed water and departures from the saturation adiabatic lapse rate locally
and for the cloud as a whole.

2.

Cooling from evaporation and/or melting of falling precipitation.

3.

Drag of precipitation on upward vertical motion.

II.

Determination of Meteorological Quantities

Note: A description of the Skew-T diagram can be found in Appendix A.
Convective Condensation Level:
Definition: The convective condensation level (CCL) is the height to which a parcel of
air, if heated sufficiently from below, will rise adiabatically until it is just saturated
(condensation starts). It approximates the base height of cumuliform clouds which are,
or would be, produced by surface heating.
Procedure: To locate the CCL on the plotted sounding, draw a line upward from the

surface dew point, along or parallel to a mixing-ratio line, until it intersects the T curve.
The CCL is at the height of this intersection. Figure 1 illustrates this procedure.

Note: When there is much variation in moisture content in the layers near the surface,
an average moisture value of the lower layer (100 mb) should be used in place of the
surface-parcel moisture value in computing the CCL.
Convective Temperature:
Definition: The convective temperature (Tc) is the surface temperature that must be
reached to start the formation of convective clouds by solar heating of the surface-air
layer.
Procedure: To determine the convective temperature, locate the CCL, then proceed
downward along the dry adiabat until it intersects the surface pressure. The
temperature at this intersection is the convective temperature (Tc)
Lifting Condensation Level:
Definition: The lifting condensation level (LCL) is the height at which a parcel of air
becomes saturated when lifted dry adiabatically. The LCL for a surface parcel is always
found at or below the CCL; note that when the lapse rate is, or once it becomes dry
adiabatic from the surface to the cloud base, the LCL and CCL are identical.
Procedure: To locate the LCL, use the temperature and dew point for a given pressure
level. From the dew point, draw a line upward and parallel to the saturation mixing-ratio
line. From the temperature, draw a line upward and parallel to the dry adiabat. The
point of intersection of these two lines is the LCL. Figure 1 illustrates this procedure.
Note: Mixing ratio (w) is constant during an air parcels dry adiabatic ascent/descent.
The volume of the parcel is not. Adiabatic expansion and compression leads to
changes in the measured temperature.

Level of Free Convection:
Definition: The level of free convection (LFC) is the height at which a parcel of air lifted
dry adiabatically until saturated (LCL) and moist adiabatically thereafter would first
become warmer (less dense) than the surrounding air. At this point the buoyancy of the
parcel would become positive and the parcel would accelerate upward without further
need for forced lift.
Procedure: To locate the LFC, follow the moist adiabat upward from the LCL (or CCL)
until it crosses the environmental temperature curve. If the parcel is warmer than the
environment after further ascent, the crossover point defines the height of the LFC.
Many dry or stable soundings do not have an LFC.
Note: On days when solar heating is the only source of lift and the Convective
Temperature (Tc ) is reached, then the LFC and CCL become one and the same. The
buoyancy of the parcel becomes positive and the parcel accelerates upward without
further need of forced lift.
Equilibrium Level:
Definition: The equilibrium level (EL) is the height in the upper troposphere where a
parcel of saturated air, rising because of its positive buoyancy, encounters negative
buoyancy. It is at this point where the parcel becomes colder than the surrounding air.
Procedure: From the LFC (Figure 2), draw a line upward along the saturation adiabat
which passes through the LFC, (this curve must be to the right of, or warmer than the
plotted temperature curve). The point where this line crosses the plotted T curve and
stays to the left of the plotted T curve for the remainder of the sounding is the EL. The
EL divides the sounding into areas of (predominantly) positive buoyancy below, and
negative buoyancy above. Above the EL, a rising parcel of saturated air becomes
colder than the environmental temperature and begins to decelerate. Pure parcel theory
would predict that the parcels vertical velocity would be a maximum at the EL, but
precipitation loading and entrainment/detrainment processes occur in the atmosphere
and lead to a maximum vertical velocity at somewhat lower heights.
Note: Burgess and Davies-Jones (1979) pointed out the EL, not the tropopause, is the
meaningful level for assessing the strength of penetrative convection. Since the EL is
most frequently below the tropopause, a severe storm can overshoot the EL for
sustained period of time and yet never surpass the tropopause height (Doswell et al.,
1982). Conversely, when the EL is above the tropopause, tops above the tropopause
do not necessarily indicate excessively strong storms, since they may not be
significantly above the EL. Also storm anvil clouds should be at or near the EL, rather
than the tropopause.
Positive and Negative Areas
One important feature of the Skew-T Log P Chart, area is proportional to energy. This
feature of a thermodynamic diagram can be used to assess buoyancy of vertically
moving parcels.

Negative Area
Definition: If the path of a vertically moving parcel is cooler than the ambient
temperature curve (T), the area between the path and the temperature curve is referred
to as the negative (energy) area. See Figure 2.
If a parcel starts out near the top of the negative area and accelerates downward due to

the negative buoyancy, the negative area can be used to estimate the kinetic energy of
the parcel near the bottom of the negative area. This idea has been applied to
estimating the strength of thunderstorm gusts.
If an air parcel moves upward into a negative area, the negative area is proportional to
the amount of kinetic energy the parcel loses to negative buoyancy. Refer to the
discussion of the equilibrium level.
If a parcel is to rise through this negative area, it must be forced upward with an energy
proportional to the size of the negative area if the parcel is to reach the LCL.

Positive Area
Definition: If the path of a vertically moving parcel is warmer than the ambient
temperature curve (T), the area between the path and the temperature curve is referred
to as the positive (energy) area. See Figure 2.

If a parcel moves upward into a positive area, the size of the positive area is a measure
of the upward buoyancy (acceleration) that the parcel will experience.
If a parcel moves downward into a positive area, the size of the positive area is a
measure of the deceleration that the parcel will experience.
Note: The negative and positive areas are not uniquely defined on any given sounding.
They depend on the parcel chosen and on whether the movement of the chosen parcel
is assumed to result from heating (insolation at the ground, release of latent heat of
condensation, etc.), or from forced lifting (convergence, orographic effects, etc.).
Convective Available Potential Energy (CAPE)
A method used to evaluate the convective potential of the atmosphere is the calculation
of the convective available potential energy (CAPE). Unlike a single-level stability
indice, CAPE is a vertically integrated index that measures the cumulative buoyant
energy (positive area) from the level of free convection (LFC) to the equilibrium level
(EL). See Figure 2. The formal definition is given by:

where Tvp is the virtual temperature of the parcel and Tve is the virtual temperature of
the environment, ZEL is the height of the equilibrium level, ZLFC is the level of free
convection, and g is gravity. The units for CAPE are expressed in joules per kilogram.
In general the larger the value of CAPE, the greater the buoyant energy, (i.e., greater
the instability), better the chances for deep moist convection to occur.
CAPE can be used to estimate the maximum vertical velocity (Wmax) at the equilibrium
level of a rising parcel. Air rising above the LFC is positively buoyant and will
accelerate upward until it reaches the EL. Above the EL, the rising parcel becomes
negatively buoyant and begins to decelerate. Thus simple parcel theory states that the
maximum updraft speed occurs in the vicinity of the EL. The maximum updraft speed
can be expressed by:

Two factors limit the ability of the convective updraft from achieving Wmax. The first is
water loading. As precipitation falls into the updraft region, it will oppose the upward
buoyant acceleration. Second, entrainment of drier air into the updraft will reduce the
rising parcel’s buoyancy and slow the upward acceleration.

Since CAPE is an integration of parcel buoyancy from the level of free convection to the
equilibrium level, it follows that CAPE is sensitive to both the magnitude of buoyancy
and the depth of the integration. Studies by Wicker and Cantrell (1996), McCaul and
Weisman (1996) suggest that the vertical distribution of CAPE, can play a significant
role in the development and evolution of severe convective storms, especially low to
mid-level CAPE. This suggest that forecasters need to evaluate CAPE for specific
layers in addition to just considering the total CAPE.
Blanchard (1998) discussed methods of evaluating the vertical distribution and
magnitude of buoyancy associated with CAPE. He suggests that forecasters need to
consider the aspect ratio of the positive area on a sounding, i.e., whether the CAPE is
“tall and thin” or “short and wide”. To assist forecasters in quantifying the aspect ratio,
Blanchard defined what he called “normalized” CAPE (NCAPE) which is the total CAPE
divided by the depth of the free convective layer (FCL) (free convective layer is the
layer from the LFC to the EL).

NCAPE = CAPE/FCL
where FCL = ZEL - ZLFC. NCAPE has units of joules per kilogram per meter, which
simplifies to meters per second squared (ms-2), an acceleration. NCAPE can also be
expressed in joules per kilogram per millibar (J kg-1 mb-1) if CAPE is scaled by the depth
of the FCL in millibars (i.e., FCL = PLFC - PEL). NCAPE values using the pressurescaled ratio typically fall in the range of 1-6 J kg-1 mb-1 with larger values indicating
greater buoyancy. From the above equation, if one holds the value of CAPE (positive
area) constant, and increases (decreases) the depth of the FCL, then the average
magnitude of the buoyancy must decrease (increase) throughout the FCL. Parcels
experience greater accelerations when you have large amounts of buoyancy confined
to a free convective layer of smaller depth, i.e., “short and wide” positive areas.
Convective Inhibition Energy
Convective inhibition energy (CIN) is a measure of the “negative area” on a sounding
between the surface and the LFC. It is the amount of work required to lift a parcel
through a layer that is warmer than the parcel. For a parcel to reach its LFC, it must be
forced upward with a push sufficient to overcome the negative buoyancy. This negative
area is often referred to as a “lid” or “cap”. The formula for CIN is very similar to CAPE:

where ZSFC is the height of the surface and all other variables are the same as in the
CAPE calculation. The units for CIN are the same as for CAPE, joules per kilogram.

The larger the CIN value, the more stable the layer of air is between the surface and
LFC, the more difficult it will be to lift a parcel of air to its level of free convection. In
order to get the parcel of air to reach the LFC, the forcing mechanism has to have
sufficient strength to push the boundary layer air through the negatively buoyant layer.
Maximum Parcel Level
Definition: The maximum parcel level (MPL) marks where pure parcel theory predicts
the highest penetration of the updraft.
Procedure: Continue the curve from the LFC and EL upward along the saturation
adiabats (if above 200 mb, follow the dry adiabats) until the amount of negative
buoyancy, starting at the EL, is equal in area to the amount of positive buoyancy
between the LFC and EL.

Exercise 1
Using the Skew-T provided with this module, plot the temperature and dew point data
from the sounding data below. Appendix B has a breakdown of the code, if you are not
familiar with it.
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Determine the height of the LCL, ± 20 mb.
Locate the height of the CCL, ± 20 mb.
Determine the Tc, ± 1o C.
What is the height of the LFC, ± 20 mb?
What is the height of the EL, ± 25 mb?
Shade in the CAPE area.

[Exercise 1 continues on next page]
For the following exercises, increase the surface temperature to 27 ○C and the surface
dew point to 21 ○C. Create a new boundary layer temperature profile by drawing a line
from the 850 mb temperature to the new surface temperature.
7. Determine the height of the LCL, ± 20 mb.
8. Locate the height of the CCL, ± 20 mb.
9. What is the height of the LFC, ± 20 mb?
10.What is the height of the EL, ± 25 mb?
11.How did the CAPE area change?
NOTE: Save your plotted sounding. It will be used for additional exercises in this
module.

III.

Determination of Instability

In the atmosphere, instability in general describes the reaction of parcels displaced
from their original position. If the situation is unstable, the parcel accelerates in the
direction of the displacement. If it is stable, the parcel is accelerated in the direction
opposite to the displacement.
In neutral situations, parcels experience no
accelerations.
The vertical acceleration along the path of a rising parcel is related to the temperature
difference between that parcel and its environment. If the parcel is warmer than its
surroundings, the parcel is accelerated upward, while if it is colder, it is accelerated
downward. The assumption here is that vertical displacement of the parcel causes it to
change its temperature (as it rises and expands, or sinks and compresses) along moist
or dry adiabats, but its pressure is always identical to that of its environment.
Stability criteria can be defined as:
1. Absolutely Stable: A parcel of air is absolutely stable when the slope of the
temperature curve is less than the slope of adjacent saturation adiabats. A parcel of
absolutely stable air will resist being lifted or will sink back to its original level. If a
parcel at Point B (Figure 3) were displaced upward, its temperature change would
follow either the saturation or dry adiabat, depending on whether or not the parcel
were saturated. In either case, however, the parcel would be colder than its new
environment, and would tend to sink back to its original position. If either a saturated
or unsaturated parcel were displaced downward from Point A, its temperature would
follow the dry adiabat. The parcel would then be warmer than its new environment
and would tend to rise back to its original position.
2. Absolutely Unstable: A parcel is absolutely unstable when the slope of the T curve is
greater (to the left of) than the slope of a dry-adiabat. If a parcel at Point D (Figure

3) were displaced upward, its temperature change would follow either a saturation or
dry adiabat depending on whether or not the parcel were saturated. In either case,
however, the parcel would be warmer than its environment, and would be
accelerated upward. If the parcel at Point C were displaced downward, its
temperature change would follow the dry adiabat. The parcel would then be colder
than its environment and would be accelerated downward.
3. Conditional Instability: If the slope of the T curve is less than the slope of the dry
adiabat, but greater that the slope of the saturation adiabat, as along Curve EF
(Figure 3), the layer is “conditionally unstable.” It is stable if unsaturated, unstable if
saturated. If a saturated parcel at Point F (Figure 3), were displaced upward, its
temperature change would follow the saturation adiabat. The parcel would then be
warmer than the surrounding air and would be accelerated upward; hence, the layer
would be unstable. If the displaced parcel were unsaturated, its temperature
change would follow the dry adiabat. In its new position, the parcel would be colder
than its surroundings and would sink back to its original position; hence the layer
would be stable.
In the case of downward displacement, the temperature change of both saturated
and unsaturated parcels would follow the dry adiabat. In its new position, the
parcel would be warmer than its environment, and would tend to rise back to its
original position. Parcels in a conditional layer are actually stable for all downward
displacements, whether initially saturated or unsaturated, regardless of moisture
content.
4. Convective Instability: (also called potential instability): The state of an unsaturated
layer or column of air in the atmosphere whose wet-bulb potential temperature (or
equivalent potential temperature) decreases with elevation. If such a column is lifted
bodily until completely saturated, it will become unstable (i.e., its temperature lapse
rate will exceed the saturation-adiabatic lapse rate) regardless of its initial stratification.

IV.

Stability Indices

The overall stability or instability of a sounding is sometimes conveniently expressed in
the form of a single numerical value called a stability index. Such indices have been
introduced mainly as aids in connection with particular forecasting techniques or
studies. Most take the form of a difference in one or more parameters between two
arbitrarily chosen surfaces, such as 850 mb and 500 mb 1000 mb and 700 mb, etc.
Indices of this type have the advantage of ease of computation, flexible choice of the
layer most pertinent to the particular problem or area, and a numerical form convenient
for ready use in objective studies and operational forecasting.
On the other hand, important details of the lapse-rate structure may be smoothed out or
completely missed in these indices, even when the index is carefully chosen and
evaluated. Indices are most useful only when combined, either objectively or
subjectively, with other data and synoptic considerations. Used alone, a stability index
can be quite misleading, and at times, is apt to be almost worthless. The greatest value
of an index lies in alerting the forecaster to those soundings which should be examined
more closely. NOTHING CAN OR SHOULD REPLACE AN EXAMINATION OF THE
INDIVIDUAL SOUNDING.
Historical Note: The use of 850, 700, and 500 mb in indices is related to what was
known as the “early transmission” of rawinsonde data. Prior to the computer processing
of data, two rawinsonde mesages were transmitted. The first message contained only
the mandatory level data up to the 500 mb data. Because the data were from
mandatory levels, they were always available. The second message contained the
entire sounding: all mandatory levels, significant levels, pibal information, etc. The first
message arrived at least an hour before the second. As a result, “quick look indices”
were developed based on these data.
Showalter Index:
Procedure:
Step 1.
Using the 850 mb temperature (T) and dewpoint (Td) determine the LCL.
(This index can not be computed at many mountain upper air stations.)
Step 2.
From the LCL, draw a line parallel to the saturation adiabats upward to
500 mb. Let this temperature at 500 mb be called TL.

Step 3.
Algebraically subtract TL from the 500 mb temperature. The value of the
difference (including its algebraic sign) is the value of the Showalter Index.
SI = T500 - TL
This index is positive when TL is cooler than the T500. Positive values imply greater
stability of the sounding.
The Showalter Index is included in the TTAA portion (mandatory levels) of the upper air
code, making it one of the first stability indices available in the data base. If the
Showalter Index is negative, air forcibly lifted from the 850 mb level will become
positively buoyant before it reaches the 500 mb level. The more negative the Showalter
Index, the greater the buoyancy.
Note: If temperature and moisture conditions at 850 mb are not representative of
conditions in the boundary layer, further analysis is needed in order to ascertain the
Showalter Indexs value as an indicator of stability.
For example, if a layer of moist air extends from the surface to just below the 850 mb
level, the Showalter Index will indicate more stability than is present, and will be very
misleading.
When a shallow cool air mass resides over a sounding station, the boundary layer
conditions may not be indicative of the convective potential of the air mass above the
boundary layer. In cases such as this one, the Showalter Index can be more useful as
an indicator of convective potential than indices employing surface boundary layer
conditions. Occasionally, the cool air mass will extend to and even above the 850 mb
level, but the convective potential of the air mass above the top of this cool air is great.
In this case, even the Showalter Index will fail to indicate the proper potential for
convection. The sounding must be examined in its entirety in order to determine the
potential for the atmosphere to support convective storms. [see SI values in Appendix
D]
Lifted Index:
Because of the limitations of the Showalter Index, which include no estimate of diurnal
heating, the Lifted Index was developed by Joseph G. Galway in the mid 1950s.
Several approaches have been developed in the computation of the Lifted Index, each
a modification of the Showalter Index. The procedure below is the one developed by
Galway.
Procedure:
Step 1.
Determine the mean mixing ratio for the lower 100 mbs (approximately
3000 ft.) and a forecast maximum temperature. (1200Z sounding only) The lower 100
mbs or 3000 feet are used as they approximate the surfaced-based boundary layer.

Step 2.
Locate the LCL using the mean mixing ratio and forecast maximum
temperature. From the LCL follow the saturation adiabats to the 500 mb level. Let the
temperature at this intersection point at 500 mb be called TL. The temperature of the
parcel at 500 mb is assumed to be the updraft temperature within the cloud.
Step 3.
Algebraically subtract TL from the 500 mb temperature. The value of the
remainder (including its algebraic sign) is the value of the Lifted Index. Steps 2 and 3
are identical to those used in computing the Showalter Index. Lifted Index values are
usually algebraically less than Showalter Index values.
Guidelines for use of the Lifted Index are similar to those provided for the Showalter
Index. The more negative the value, the greater the potential for thunderstorms.
Note: There are differences in how some of the indices including CAPE are calculated
and caution needs to be considered when comparing like indice values. There are
several different methods employed in selecting which parcel to lift. These methods
include choosing (a) the surface parcel, (b) a parcel with an average mixing ratio and
potential temperature within some layer (the layer depth is not universally agreed upon,
in some instances the lowest 50 mb has been used, while in other cases the lowest 100
mb has been preferred), or (c) the finding the most unstable parcel in the lower
troposphere. These methods can produce different values for the same indice and
might mislead the user to the wrong conclusion. Before accepting any value, one
needs to understand how the strengths and limitations of the particular indice and also
how the indice value is calculated.
Most Unstable Lifted Index:
The most unstable Lifted Index (MULI) is calculated by lifting a parcel from a pressure
level which will result in the most unstable LI value possible. The purpose of this
method is to determine the lowest possible lifted index using a deep layer, because the
surfaced-based layer may be stable and unrepresentative of conditions above the
surface (as in a case where a shallow cold, dry air mass is overlain by a moist, high
lapse rate layer.)
“K” INDEX:
The “K” Index is a measure of thunderstorm potential based on vertical temperature
lapse rate, moisture content of the lower atmosphere, and the vertical extent of the
moist layer. The temperature difference between The 850 and 500 mb is used to
parameterize the vertical temperature lapse rate. The 850 dew point provides
information on the moisture content of the lower atmosphere. The vertical extent of the
moist layer is represented by the 700 mb temperature-dew point depression. This index
is derived arithmetically and does not require a plotted sounding.
Procedure:
K=

(T850 - T500) + [Td850 - (T700 - Td700)]

With this index, the higher the positive number, the greater the likelihood of
thunderstorm development. Inclusion of the 700 mb dew point depression biases it in
favor of “pulse” type thunderstorms, and it works better (McNulty, 1983) for non-severe
convection. The K Index is also an important index for the forecasting of heavy rains.
Moisture at 850 mb and 700 mb implies the presence of a deep moist layer, i.e. large
values of precipitable water. It should be noted that this index can not be reliably
computed for mountain stations.
See Appendix D for K Index values
Total Totals
Total Totals (TT) was introduced by Miller (1972) for use in identifying potential areas of
thunderstorm development. Total Totals is defined as the sum of two other convective
indices, Vertical Totals (VT) and Cross Totals (CT) where:
VT = T850 - T500
CT = Td850 - T500
TT = VT + CT = (T850 - Td850) - 2(T500)
Vertical Totals (VT) are closely related to the lapse rate between 850 and 500 mb. For
warm season temperatures, VT values around 40 are close to dry adiabatic. The
Cross Totals (CT) incorporate the effects of 850 mb moisture into the equation. Drier
air at 850 mb results in lower CT values. In general, the larger CT and VT are (and,
hence their sum), the larger the combined effects of static instability and moisture are.
General threshold values for Total Totals range from 44 for isolated convection to
greater than 55 for numerous thunderstorms with scattered severe.
Note: Total Totals must be used with careful attention to either the Cross Totals or the
low-level moisture since it is possible to have large Total Totals due to the temperature
lapse rate with little supporting low-level moisture.
Stability Indices Employed by the Storm Prediction Center (SPC)
The primary stability indices used by the Storm Prediction Center (SPC) in their
analyses and discussions are CAPE and LI. There are several different methods used
to calculate values operationally at SPC, which can contribute to large variations in the
resulting numbers. In some cases of strong instability, the values calculated on an
observed sounding can vary by nearly 40% (e.g., the difference between using the
most unstable parcel and the 100 mb mean layer parcel).
The nomenclature used by SPC for CAPE and LI values is described below.
SBCAPE CAPE calculated using a surface based parcel
MUCAPE CAPE calculated by using a parcel from a pressure level which results in
the most unstable CAPE value possible

MLCAPE CAPE calculated using the lowest 100 mb AGL mean layer temperature
and moisture values
SBLI
LI calculated using a surface based parcel
MULI
LI calculated by using a parcel from a pressure level which results in the
most unstable LI value possible
MLLI
LI calculated using the lowest 100 mb AGL mean layer temperature and
moisture values
Notes:
1. The above nomenclature will be used on diagnostic data as well as model forecast
data in SPC interactive systems.
2. CAPE and LI values obtained from operational model forecasts that use different
parcels than above will be preceded by the acronym of the model being used (e.g.
ETA CAPE, ETA LI, RUC CAPE).

Exercise 2
Use the sounding you plotted in exercise 1 to determine the following stability indices.
1. Showalter Index
±1
2. Lifted Index
± 2 [Use LCL from Exercise 1, question # 1]
3. Lifted Index
± 2 [Use LCL from Exercise 1, question # 7]
4. K Index
±0
5. Cross Totals
±0
6. Vertical Totals
±0
7. Total Totals
±0

V.

Temperature Inversions:

Free-air temperature normally decreases with altitude in the troposphere. However,
frequently soundings show shallow layers where a reversal of the normal lapse rate
occurs and the temperature increases with altitude or “inverts.” These layers are called
“inversions,” or more specifically, temperature inversions. The prime characteristic of
the inversion is great stability of the air within the inversion layer.
In many cases, it is possible to identify on a Skew-T Log P chart the type of inversion
based upon the physical process causing the inversion. However, in many cases, this
can be rather arbitrary, because often several causes are operating simultaneously.
Listed below are several of the more common inversions found on sounding plots.
Radiation Inversion:
A radiation inversion (Figure 4) is a thermally produced, surface-based inversion formed
by radiational cooling of the earth's surface at night. It does not usually extend above
the lower few hundred feet.
Conditions which are favorable for the formation of a radiation inversion are: long
nights, clear skies, dry air, little or no wind and a cold or snow covered surface.

Subsidence Inversion:
A subsidence inversion is produced by adiabatic heating of air as it sinks. It is
associated with anticyclones and/or stable air masses. It forms between sinking heated
air and the air below.
A subsidence inversion (Figure 5) is characterized by a temperature increase with
height through the inversion, while above the inversion, the temperature cools almost

dry adiabatically. The dew point temperature, relative humidity, and mixing ratio values
all decrease with height through the inversion.

Frontal Inversion:
Since a front is a transition layer between two different air masses, the discontinuity will
sometimes be evident on a sounding as a frontal inversion. The temperature curve can
provide basic information for locating frontal zones. If the front is a sharp discontinuity,
the temperature curve should show a clear cut inversion separating the lapse rates
typical of the cold and warm air masses. However, a shallow isothermal or relatively
stable layer is the more usual indication of a well-defined front. Frequently, the frontal
boundary is so weak, distorted, or distorted by other discontinuities that frontal identification is difficult. Along with looking at the temperature field on the sounding, wind
information from upper air plots or profilers may help to better define a frontal zone.

In an ideal case, the dew point curve through the frontal zone will show an inversion or
sharp change associated with that of the temperature curve. On the sounding below,
Figure 6, a dew point inversion is evident between 870 and 790 mb. On this sounding
the dew point curve would be a primary aid in locating the frontal zone, since the
temperature curve below 900 mb has been so affected by nocturnal radiation that the
location of the frontal inversion obscured. It must be noted that such a marked moisture
distribution through fronts is often not observed. The frontal surface is considered to be
located at the top of the inversion.

VI.

Dry Microburst Soundings

Fujita (1976) was first to defined the term “downburst” after his investigation of an
airliner crash at New York’s Kennedy Airport. In later work, Fujita (1985) subdivided
this term into different scale features known as macrobursts (> 4 km or 2.5 mi
horizontal dimension) and microbursts (< 4 km or 2.5 mi horizontal dimension). In
addition, microbursts are sub-classified as either being "wet" or "dry", whereby “wet”
microbursts are typically accompanied by heavy rain between the onset and ending of
the strong winds and “dry” microbursts are accompanied by little or no rain between the
onset and ending of the strong winds.
In a typical dry microburst environment, high-based clouds form above a deep
surfaced-based dry layer. Precipitation (ice and/or water) within the cloud base begin
to fall into the dry layer and begins to evaporate. The evaporative cooling produces
negatively buoyant air which begins to sink and accelerate downward. The downdraft
continues to accelerate until it reaches the ground whereby the surface outflow spreads
out horizontally.
Severe dry microbursts tend to occur most frequently during the mid-afternoon to early
evening hours when the solar insolation is maximum and sub-cloud lapse rates are the
steepest. Studies by Brown et al. (1982) and Wakimoto (1985) have identified a
sounding thermodynamic profile that is conducive to dry microbursts. The classic
sounding has been referred to as the "inverted-V" sounding (Figure 7).
Environmental characteristics favorable for dry-microbursts are:
A mid-level moist layer exists around 500 mb.
A steep, nearly dry adiabatic lapse rate is present due to afternoon solar heating.
Low relative humidities exist in the sub-cloud layer, with mean mixing ratios of less
than 5 g kg-1.
CAPE values are generally 500 J kg-1 or less.
The morning lifted index generally suggests that the sounding is stable (LIs > 1 ○ C),
however by late afternoon, or early evening the sounding has become neutral or
slightly unstable (LIs 0 to -1 ○ C).
The convective temperature is usually reached during the day.
Low and mid-level winds are generally weak.

VII.

Hodographs

On a Skew T Log P chart upper level winds are traditionally plotted along a vertical
axis, typically along the right side of the chart. At a quick glance, interpretations of
such things as warm and cold air advection, and wind shear are fairly easy to see.
Although the traditional wind plot is still routinely performed, the use of a hodograph to
plot the vertical wind field has some added advantages in that it can be used to help
predict what type of thunderstorm may develop in a given thermodynamic environment.
On a typical hodograph , wind vectors are plotted on a polar coordinate plot relative to
the same origin point, with each vector representing a different altitude (Figure 8). The
vectors are plotted with their tails at the origin and they point in the direction toward
which the wind is blowing. The length of the vector is proportional to the wind speed.
Usually winds are plotted as a dot (tip of wind vector) to keep the hodograph from
getting to messy. The dots are then connected together by a line to show changes in
wind direction and speed with height (Figure 9). Each end point is labeled with the
height at which the wind was observed.

The hodograph shows how the wind changes with height, which we refer to as the
vertical wind shear. Wind shear is a vector, defined as the vector difference between
winds at different levels. Figure 10 shows a vector difference between two points on
the hodograph. By looking at consecutive segments of the hodograph, one can see
how the shear vector changes with height. When the shear vector is veering with
height, the hodograph is turning clockwise and when the shear vector is backing with
height, the hodograph is turning counterclockwise with height.

Research has shown that two primary factors contribute to the development of severe
convective storms; 1) convective buoyant energy; 2) vertical wind shear. The buoyant
energy strongly influences the vertical accelerations that air parcels experience when
forced above their LFC, while the vertical wind shear strongly influences what type of
convective storm might develop. Forecasters assess storm type by examining the
hodograph structure in the lower troposphere. Specifically, three storm types, single
cell, multicell, and supercell, have been identified and associated with three distinctive
hodograph patterns. [Note: The following sections are meant to be only a brief
introduction to storm types, a more in depth discussion of storm types can be found in a
separate module.]
The “unorganized” hodograph (Figure 11a) which has a random appearance is
indicative of an environment where the wind shear is weak. This hodograph is
associated with single cell thunderstorms that are short-lived. Severe weather is
infrequent with these storms, however short lived events of high winds and hail are
possible.
The “straight-line” hodograph (Figure 11b) is characterized by the straight line or
unidirectional shear profile. The shear profile indicates stronger directional and speed
shear than found with the “unorganized” hodograph. This hodograph is associated
with multicell thunderstorms. Multicell storms persist longer than the single cell type
thunderstorm due to their ability to produce new cell growth. Multicell thunderstorms
can produce large hail, strong winds, and tornadoes along the gust front near the
updraft centers.
The “curved” hodograph (Figure 11c) is characterized by a change in direction of the
shear vector in the lowest few kilometers and an increase in wind speed with height.
The most likely thunderstorm type associated with this hodograph is a supercell
thunderstorm. A supercell is a thunderstorm consisting of one quasi-steady rotating
updraft. The storm may exist for hours and is a frequent producer of large hail, strong

gusty winds and tornadoes. The clockwise turning of the hodograph favors a cyclonic
right moving supercell, while the counterclockwise turning of the hodograph favors the
anticyclonic left moving supercell.

Figure 11. Typical wind hodographs for
(a) single cell, (b) multicell, (c) supercell
thunderstorms.
(from AWS/FM–92/002, 1992)
Storm Motion and Storm-Relative Winds
Low-level inflow is needed for thunderstorms to develop. Strong inflow, combined with
moderate to strong directional shear can produce updraft rotation and storm tilting.
Storm inflow appears to be the important in the lowest 6 km, with a strong emphasis
placed on the lowest 3 km. To determine the storm-relative winds on a hodograph, first
the storm motion vector needs to be plotted. Storm motion can be either observed or
anticipated. Next, using the head of the storm motion vector as the origin, draw vectors
from the head of the storm motion vector to the vector heads (points along hodograph)
of your ground-relative winds. The resulting vectors show the air inflow into the storm
at the different altitudes as the storm moves through the environment (Figure 12).
Remember, if the storm motion changes, the storm-relative winds will also change.

Exercise 3
1. Using the graph on the next page, plot a hodograph using the wind data below. Plot
a storm vector of 300 degrees at 25 knots. Draw storm-relative flow vectors at the
surface, 3000 ft, 6000 ft, and 9,000 ft.
Height (ft)
Surface
1,500
3,000
4,500
6,000
7,500
9,000

Wind Direction
150
165
175
195
210
225
235

Wind Speed (kts)
18

25
35
43
50
53
55

2. What are the approximate storm-relative winds at 3,000 ft and 6,000 ft?
3,000 ft =

○

at

Kt

6,000 ft =

○

at

Kt

3. Assuming that environmental conditions exist for the thunderstorm initiation, what
type of thunderstorms would you expect based on the hodograph plotted in question
1.

Hodograph Plotting Chart

Figure 13. Hodograph Plotting Chart
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Appendix A: Skew-T Log P Description
A. Isobars
Isobars on the Skew-T chart are horizontal solid lines spaced logarithmically at
specified intervals. Figure 14 shows isobars only for the mandatory levels (except for
925 mb) however, standard DOD USAF Skew T Log P charts display isobars at 10 mb
intervals from 1050 mb to 100 mb.

B.

Isotherms

Isotherms are straight solid lines sloping from the lower left to the upper right. In Figure
14 the isotherms are labeled at 10 o C intervals.
C.

Dry Adiabats

The dry adiabats are the slightly curved solid lines sloping from the lower right to upper
left (Figure 14). They indicate the rate of temperature change in a parcel of dry air rising
or descending adiabatically, i.e., with no loss or gain of heat by the parcel. Dry
adiabats are also lines of constant potential temperatures. Note that the spacing
between the dry adiabats decreases as one moves from cooler to warmer potential
temperature values (from lower left to upper right).
D.

Saturation Adiabats

Saturation adiabats are the slightly curved dashed lines sloping from the lower right to
upper left (Figure 14). They represent the rate of temperature change in a parcel of
saturated air rising pseudo-adiabatically. Pseudo-adiabatic means all the condensed
water vapor is assumed to fall out immediately as the parcel rises adding its latent heat
of condensation to the parcel slowing the cooling rate compared to the dry adiabatic
cooling process. Saturation adiabats tend to become parallel to the dry adiabats in the
upper troposphere and lower stratosphere, where moisture is nearly nonexistent.
Saturation adiabats are also lines of constant wet-bulb potential temperatures.
E.

Saturation Mixing Ratio Lines

The saturation mixing ratio lines are the nearly straight, dashed, lines sloping from the
lower left to the upper right (Figure 14). They are labeled in grams of water vapor per
kilogram of dry air. The spacing between the saturation mixing ratio lines decreases as
one moves from lower to higher values of saturation mixing ratio (from left to right).
Saturation mixing ratio is a function of air temperature, but the relationship is not linear.

Appendix B: Upper Air Code
A. Mandatory Levels TTAA - AWIPs Identifier CCCMANXXX
The TTAA Message is the first transmission of the upper air code and contains data for
mandatory pressure levels. This include temperature, dew point depression (for
temperatures warmer than - 40 o C) and winds. In addition. tropopause data, maximum
wind data, Showalter Stability Index, and mean winds from surface to 5,000 feet and
5,000 feet to 10,000 feet are included in the TTAA message.
A
B
C
D
72456 TTAA 52121
///// /////

E
F
72456

G
H
99977

I
J
11050

18012

00076

K
L
M
92727 10037
04072

N
O
21051
23538

P
Q
85436
50568

R
S
13466

T
24542

70047

U
V
W
16177 21543
22555

X
Y
40732
25051

Z
AA
29561
53347

BB
CC
22053

DD
30931

43140

EE
FF
GG
23076 20191
10618

HH
II
63946
59964

JJ
KK
22580
27014

LL
MM
15367

NN
62757

25048

OO PP
QQ
88190 65944
10164

RR
SS
23076
00006

TT
UU
77212
10194

VV
WW
23085

XX
40710

51515

YY
ZZ
22043 24537=
A

=

station identifier (in this example, Topeka, KS)

B

=

indicates that this transmission is from a land station.

C
=
The “52” means that it is the 2nd day of the month. Subtract 50 from this
number to obtain the day of the month. The “12” means the sounding was released at
1200 UTC. The “1” means that wind data to 100 mb is given in this message.
D

=

station identifier (repeated)

E
=
99 identifies surface data. The next three digits is the surface pressure
expressed in whole millibars. In this example “977" means that the surface pressure at
release time was 977 mb. If the first number of the three digit number is a zero (0),

prefix the three digit number with the number one (1). For example “023" = 1023 mb.
F
=
Surface temperature and dew point depression. The first two (2) digits
are the air temperature reported in whole degrees Celsius. The third (3rd) digit
represents the approximate tenths value and sign of the air temperature. If the 3rd digit
is an even number (i.e., 0, 2,4,6, or 8), the temperature is above zero. If the 3rd digit is
an odd number (i.e., 1,3,5,7,9), the temperature is below zero. In this example, “110"
represents + 11.0 deg C. The last two (2) digits of the group are the dew point
depression. Digits < 50 represent dew point depressions of whole units and tenths of
degrees Celsius. In the above example, “50" represents 5.0 deg C dew point
depression. If the number is > “56", subtract 50 to obtain the dewpoint depression to
the nearest whole degrees Celsius (i.e., “56" = 6.0 deg C). Code numbers 51 to 55 are
not used.
G
=
surface wind direction and speed. In this example, it is from 180 degrees
at 12 knots.
H
=
00 identifies the 1000mb data group. The next three (3) digits represent
the height in meters above mean sea level for the 1000 mb level. In this example, the
1000mb level is 76 geopotential meters above mean sea level (MSL).
I
=
the solidi (/ / / / /) indicate that the station height is above 1000mb. If the
1000 mb data is given, it is decoded the same as the surface data.
J

=

the solidi (/ / / / /) indicate that the 1000mb wind data is not available.

K
=
92 represents the 925 mb mandatory level. The next three digits represent
the 925 mb height in meters above MSL. In this example, the 925 mb height is 727
meters above MSL.
L

=

925 mb temperature/dew point depression group. Decode the same “F”.

M

=

925 mb wind direction and speed. Decode the same as “G”.

N
=
85 represents the 850 mb mandatory level. The “436" indicates that the
850 mb height is 1436 meters above MSL.
O

=

825 mb temperature/dewpoint depression.

P

=

825 mb wind direction and speed.

Q
=
70 represents the 700 mb mandatory level. The “047" indicates that the
700 mb height is 3047 meters above MSL.
R

=

700 mb temperature/dewpoint depression group.

S

=

700 mb wind direction and speed.

T
=
50 represents the 500 mb mandatory level. The “568" indicates that the
500 mb height is 5680 meters above MSL.

U
=
500 mb temperature/dew point depression. Recall when the third number
in the group is even, the temperature is above zero (0) deg. C. and when the third
number is odd, the temperature is below zero (0) deg. C.
V

=

500 mb wind direction and speed.

W
=
40 represents the 400 mb mandatory level. The “732" indicates that the
400 mb height is 7320 meters above MSL.
X

=

400 mb temperature/dew point depression.

Y

=

400 mb wind direction and speed.

Z
=
30 represents the 300 mb mandatory level. The “931" indicates that the
300 mb height is 9310 meters above MSL.
AA

=

300 mb temperature/ dew point depression.

BB

=

300 mb wind direction and speed.

CC
=
25 represents the 250 mb mandatory level. The “051" indicates that the
250 mb height is 10510 meters above MSL.
DD

=

250 mb temperature/dew point depression.

EE

=

250 mb wind direction and speed.

FF
=
20 represents the 200 mb mandatory level. The “191" indicates that the
200 mb height is 11910 meters above MSL.
GG

=

200 mb temperature/dew point depression.

HH

=

200 mb wind direction and speed.

II
=
15 represents the 150 mb mandatory level. The “367" indicates that the
150 mb height is 13670 meters above MSL.
JJ

=

150 mb temperature/dew point depression.

KK

=

150 mb wind direction and speed.

LL
=
10 represents the 100 mb mandatory level. The “618" indicates that the
100 mb height is 16180 meters above MSL.
MM

=

100 mb temperature/dew point depression.

NN

=

100 mb wind direction and speed.

OO

=

88 indicates that data at the tropopause level is to follow. The next three

digits is the pressure (mb) at the tropopause. The “190" represents 190 mb.
PP

=

tropopause temperature/dew point.

QQ

=

tropopause wind direction and speed.

RR
=
77 indicates that data from the maximum wind level is to follow. The next
three (3) digits is the pressure (mb) at the maximum wind level. The “212" represents
212 mb.
SS

=

maximum wind direction and speed.

TT
=
4 indicates that vertical wind shear data to follow. The first two digits
represent the vector difference between the maximum wind and the wind 3,000 ft
below the level of maximum wind. The last two digits represent the vector difference
between the maximum wind and the wind 3,000 ft above the level of maximum wind.
The vector difference is reported to the nearest whole knot.
UU

=

51515 indicates that additive data to follow.

VV
=
Code group 101 indicates additive data. The 64 indicates that the next
group will be the stability index.
WW =
The first three zeros are a place holder, while the last two digits are the
Showalter Index (SI). In this example, the SI is +6. If the index is negative (-), 50 is
added to the absolute value of the number. For example 00054 would be decoded as
-4.
XX
=
Code group 101 indicates additive data. The 94 indicates that the mean
winds follow.
YY
feet.

=

Wind direction and speed (kts) of the mean wind from the surface to 5000

ZZ
=
Wind direction and speed (kts) of the mean wind from the surface to
10,000 feet.

Significant Levels (TTBB)
The TTBB portion contains temperature and dew point depression at significant
pressure levels.
A
B
C
D
E
F
72456 TTBB 52120
72456
22921
10831

G
H
00977

I
J
11050

11940

09456

33891 11242
14672

44877
77811

14262
13880

55848

13466

66839

88767 09475
29931

99642
33400

00182
29561

11478

18976

22406

44395 30366
43140

55384
88228

31766
58945

66354

34935

77300

99180 66147
58163

11135
44100

61559
59964=

22115

62761

33107

A

=

station identifier (in this example, Topeka, KS)

B

=

indicates that transmission is from a land station

C
=
date/time group. It is the 2nd day of the month and the time 1200 UTC.
Recall if the first two digits are > 50, subtract 50 to obtain the day of the month. The
last zero (0) indicate that winds are included.
D

=

station identifier (repeated)

E
=
00 indicates that surface data follows. The “977" represents the surface
pressure which is 977 mb.
F
=
110 represent the surface temperature, which is +11.0
represents the surface dew point depression which is 5.0 o C.

o

C.

The 50

G
=
11 is an indicator of the first significant level above the surface. The 940
represents 940 mb. Significant levels are labeled sequentially “11" through “99" and
then start over again with “11" after “99" is reached.
H

=

temperature/dew point depression.

I

=

second significant level at 921 mb.

J

=

temperature/dew point depression for 921 mb.

Winds Aloft (PPBB)
The PPBB portion is wind direction and speed for height levels expressed in thousands
of feet above mean sea level.
A

B

C

D

E

F

G

H

I

J

PPBB 52120
90345

72456
22049

90012
24045

18012

18016

20052

K
L
M
25041 90678
91245

N
O
24539
23035

P
Q
24536
22037

R
S
24535

T
909 / /

24036

U
V
W
21537 916 / /
93023

X
Y
21541
22547

Z
AA
92056
23070

BB
CC
22048

DD
22056

22557

EE
FF
GG
23061 9358 /

HH
II
23077

JJ
KK
23085

9503 /

26023

26513=

A

=

PPBB indicate that winds aloft follow.

B
=
date/time group. It is the 2nd day of the month and the time 1200 UTC.
The last digit, zero (0) is an equipment code.
C

=

station identifier

D
=
The 90 indicates that wind data from the surface to 9,000 ft MSL follows.
The third zero (0) indicates that the first wind group is for the surface. The one (1)
indicates that the second wind group is for 1000 ft MSL. The two (2) indicates that the
third wind group is for 2000 ft MSL.
E

=

surface wind direction and speed, 180 degrees at 12 kts.

F

=

1,000 ft wind data

G

=

2,000 ft wind data

H

=

indicates that the 3, 4, and 5 thousand ft wind data follows.

I

=

3,000 ft wind data

J

=

4,000 ft wind data

K

=

5,000 ft wind data

L

=

indicates that the 6, 7, and 8 thousand ft wind data follows.

M

=

6,000 ft wind data

N

=

7,000 ft wind data

O

=

8,000 ft wind data

P

=

indicates that the 9,000 ft wind data follows.

Q

=

9,000 ft wind data

R
=
The 91 indicates wind data from 10,000 - 19,000 ft.
groups are the 12, 14, and 15 thousand ft wind data respectively.
S

=

12,000 ft wind data

T

=

14,000 ft wind data

U

=

15,000 ft wind data

V

=

indicates 16,000 ft wind data follows

W

=

16,000 ft wind data

X
=
The 92 indicates wind data from 20,000 - 29,000 ft.
groups are the 20, 25, and 26 thousand ft wind data respectively.
Y

=

20,000 ft wind data

Z

=

25,000 ft wind data

AA

=

26,000 ft wind data

BB
=
The 93 indicates wind data from 30,000 - 39,000 ft.
groups are the 30, 32, and 33 thousand ft wind data respectively.

The next three

The next three

The next three

CC

=

30,000 ft wind data

DD

=

32,000 ft wind data

EE

=

33,000 ft wind data

FF

=

The next two groups are the 35 and 38 thousand ft wind data respectively.

GG

=

35,000 ft wind data

HH

=

38,000 ft wind data

II
=
The 95 indicates wind data from 50,000 - 59,000 ft. The next two groups
are the 50 and 53 thousand ft wind data respectively.
JJ

=

50,000 ft wind data

KK

=

53,000 ft wind data

Appendix C: Meteorological Quantities
Mixing Ratio
Definition: Mixing Ratio (w) is the ratio of the mass of water vapor (Mv) to the mass of
dry air (Md), i.e., w = Mv/Md. It is expressed in grams of water vapor per kilogram of dry
air.
Procedure: To find the actual mixing ratio for air at a given pressure on the plotted
sounding, read the value either directly or by interpolation of the saturation mixing ratio
line that crosses the Td curve at that pressure. Mixing ratio is a function of dew point
and pressure only.
Saturation Mixing Ratio
Definition: The saturation mixing ratio (ws) is the mixing ratio a parcel of air would have
if saturated at its current temperature and pressure.
Procedure: To find the saturation mixing ratio for a given pressure on the plotted
sounding, read the value either directly or by interpolation of the saturation mixingratio line that crosses the T curve at that pressure. Saturation mixing ratio is a function
of temperature and pressure only.
Relative Humidity
Definition: Relative humidity (RH) is the ratio (in percent) of the amount of water vapor
in a given volume of air to the amount that volume would hold if the air were saturated.
Procedure: Relative humidity (RH) can be computed from mixing ratio (w) and
saturation mixing ratio (ws) by the following equation:
RH = 100(w/ws)
Vapor Pressure
Definition: Vapor pressure (e) is that portion of the total atmospheric pressure due to
water vapor.
Procedure: From the Td at a given pressure on the sounding (for example, at 700 mb in
Figure 15), draw a line parallel to the isotherms to the 622 mb pressure level. The value
of the saturation mixing-ratio line passing through this intersection, read by
extrapolation if necessary, is the vapor pressure in millibars (approximately 2.3 mb in
the example).
Saturation Vapor Pressure
Definition: Saturation vapor pressure (es) is that portion of the total atmospheric
pressure which would be due to water vapor if the air were saturated.

Procedure: From the T at a given pressure (700 mb in Figure 15), follow the isotherms
to the 622 mb pressure level. The value of the saturation mixing-ratio line passing
through this intersection, read by extrapolation if necessary, is the saturation vapor
pressure in millibars (approximately 4.2 mb in the example).
Note: Relative Humidity is also given by RH = 100 e/es = 100 w/ws
Potential Temperature
Definition: Potential temperature (θ) is the temperature that a parcel of air would have if
it were compressed (or expanded) adiabatically from a given pressure and temperature
to a pressure of 1000 mb.
Procedure: From the temperature curve at a selected pressure level, follow the dry
adiabat that passes through the temperature down to the 1000 mb isobar. The
temperature of the adiabat at 1000 mb is equal to the potential temperature. The
potential temperature is customarily expressed in o K which can be determined by
adding 273.16 to the Celsius temperature value. An example is shown in Figure 16.
Wet-bulb Temperature
The wet-bulb temperature may be defined in two ways which differ, only slightly
numerically.
Definition: (Isobaric Process) The wet-bulb temperature is the lowest temperature to
which a volume of air at constant pressure can be cooled by evaporating water into it.
This assumes that the heat required for evaporation is taken from the air itself.
Physically, the wet-bulb temperature is the temperature of the wet-bulb thermometer
rather than of the air. The Isobaric Process cannot be determined from a Skew -T Log
P chart.
Procedure: (Adiabatic Process) Figure 17 illustrates the method of finding the wet-bulb
temperature of air at a given pressure on the Skew -T Log P chart. The steps are:
Step 1.
From the Td curve at the given pressure, in this case 700 mb, draw a line
upward along a saturation mixing-ratio line.
Step 2.
From the T curve at the same pressure (700 mb), draw a line upward
along a dry adiabat until it intersects the line drawn in Step 1. (The height of this
intersection is the LCL for the selected pressure level.
Step 3.
From this point of intersection, follow a saturation adiabat back to the
original pressure ( 700 mb). The isotherm value at this pressure is equal to the wetbulb temperature.
In the example shown in Figure 17, Tw(700) = -8 o C.
The relationship between the isobaric and adiabatic processes is quite obscure.
Comparisons indicate, however, that the two temperatures are rarely different by more

than a few tenths of a degree Celsius, and the adiabatic version is always the smaller
of the two for unsaturated air. Since the difference is so small, it is usually neglected in
practice. When the Tw and T are known for a given pressure, the Td can be determined
and therefore w and RH.
Wet-bulb Potential Temperature
Definition: The wet-bulb potential temperature (θw) is the temperature a parcel of air
would have if cooled from its initial state adiabatically to saturation, and then brought to
1000 mb along the saturation-adiabat.
Procedure: Find the wet-bulb temperature as shown in Figure 17. The value of the
saturation adiabat through this wet-bulb temperature point is equal to the wet-bulb
potential temperature.
Another procedure is also illustrated in Figure 17. Find the wet-bulb temperature, and
from the Tw point, follow the saturation adiabat to the 1000 mb isobar. The temperature
value at this intersection is the wet-bulb potential temperature at the given pressure. In
the example shown in Figure 17 θw(700) = 9.5 o C.

Equivalent Temperature
Definition: The equivalent temperature (TE) is the temperature a parcel of air would
have if all its moisture were condensed out by a pseudo-adiabatic process (i.e., with the
latent heat of condensation being used to heat the parcel of air), and the parcel was
then brought dry-adiabatically to its original pressure.
Procedure: Figure 18 illustrates the method of finding TE for air at a given pressure on
the sounding. The steps are:
Step 1.
From the Td curve at the given pressure, (in this case 700 mb - Point P')
draw a line upward along a saturation mixing-ratio line. Also, from the T curve at the
given pressure (Point P), draw a line upward along a dry adiabat until it intersects the
first line drawn. (The height of this intersection is the LCL).
Step 2.
From this intersection, follow a saturation adiabat upward to a pressure
where both the saturation and dry adiabats become parallel and tangent; i.e., to a
pressure where all the moisture has been condensed out of the parcel.
Step 3.

From this pressure, follow the tangent dry adiabat back to the original
pressure (700 mb). The temperature at this point is the equivalent
temperature (TE). In the example shown in Figure 18, TE(700) = +0.5 o C.

An approximate value of TE is given by TE ≃ T + 2.5w (Approximation acceptable for
atmospheric values)
Equivalent Potential Temperature
Definition: The equivalent potential temperature (θE) is the temperature a sample of air
would have if all moisture were condensed out by a pseudo-adiabatic process (i.e., with
the latent heat of condensation being used to heat the parcel of air), and the parcel was
then brought dry-adiabatically back to 1000 mb.
Procedure: Find the equivalent temperature for the given pressure, in this case 700
mb, as shown in Figure 18. From the TE point, follow the dry adiabat to the 1000 mb
isobar. The isotherm value at this point is equal to the equivalent potential temperature
(θE). θE can also be read directly from the value of the dry adiabat through the TE point
at the given pressure. In the example shown in Figure 18, θE(700) = 30 o C or 303 o K
An approximate value of θE is given by θE ≃ θ + 3w (Approximation acceptable for
atmospheric values)

Virtual Temperature
Definition: The virtual temperature (Tv) in a system of moist air, is defined as the
temperature of dry air having the same pressure and density as the moist air.
Note: Tv will always be greater than the actual temperature unless the relative humidity
is zero. For zero humidity, T = Tv . The drier the air, the closer Tv is to T.
Procedure: At a given pressure on a sounding, the difference (in o C) between the
observed and virtual temperatures (i.e., Tv - T) is approximately equal to 1/6 of the
numerical value of the saturation mixing-ratio line passing through the Td curve at that
pressure.
The virtual temperature can be calculated from the following formula: Tv = T (1 +
0.61w).

Appendix D: Stability Index Values
These stability index values are provided as a general reference and should not be
used as the absolute truth.
Lifted Index (LI):
0 to -2 Marginally Unstable - Thunderstorms possible
-3 to -5
Unstable - Thunderstorms probable
less than -5 Very Unstable - Intense thunderstorm potential
Showalter Index (SI):
3 to 1 Thunderstorms possible
0 to -3 Unstable - Thunderstorms possible
-4 to -6
Very Unstable - Intense thunderstorm potential
less than -6 Extremely Unstable - Very strong thunderstorm potential
Total Totals (TT): [Miller, 1972]
East of the Rockies
44
46
48
50
52
56

Isolated or few thunderstorms
Scattered thunderstorms
Scattered thunderstorms; isolated severe
Scattered thunderstorms; few severe; isolated tornadoes
Scattered to numerous thunderstorms; few to scattered
severe; isolated tornadoes
Numerous thunderstorms; scattered severe; scattered
tornadoes

West of the Rockies
48
52
55
58
61
64

Isolated or few thunderstorms
Scattered thunderstorms; few moderate intensity
Scattered thunderstorms; isolated severe
Scattered to numerous; few severe; isolated tornado
Scattered to numerous; few to scattered severe; few tornadoes
Numerous thunderstorms; scattered severe; scattered tornadoes

K Index: [George, 1960]
West of the Rockies
< 15

< 20

None

East of the Rockies Thunderstorm Probability

15 to 20
21 to 25
26 to 30
> 30 > 35

20 to 25
26 to 30
31 to 35
Numerous

Isolated
Widely Scattered
Scattered

Appendix E: Answers to Exercises
Exercise 1
1. Determine the height of the LCL, ± 20 mb. 930 to 970 mb
2. Locate the height of the CCL, ± 20 mb. 770 to 810 mb
3. Determine the Tc, ± 1o C. 30.3 to 32.3 ○C
4. What is the height of the LFC, ± 20 mb? 670 to 710 mb
5. What is the height of the EL, ± 25 mb? 435 to 485 mb
6. Shade in the CAPE area.
For the following exercises, increase the surface temperature to 27 ○C and the surface
dew point to 21 ○C.
7. Determine the height of the LCL, ± 20 mb. 875 to 915 mb
8. Locate the height of the CCL, ± 20 mb. 835 to 875 mb
9. What is the height of the LFC, ± 20 mb? 810 to 850 mb
10.What is the height of the EL, ± 25 mb? 145 to 195 mb
11.How did the CAPE area change? Increased - becomes taller and wider
Exercise 2
1. Showalter Index
2. Lifted Index
3. Lifted Index
4. K Index
5. Cross Totals
6. Vertical Totals
7. Total Totals

-1
-2
-11
35
19
33
54

Exercise 3
1. See plot below
2. 3,000 ft = 153○ at 53 Kts
3. Supercell thunderstorms

6,000 ft = 184○ at 54 Kts

