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Attention Gainer:  Everyday, pilots rely on accurate weather forecasts provided by MCAS, MCAF and MCALF METOC services.  A fundamental tool use to view the vertical slice of the atmosphere over a particular station is the Skew T/LOG P diagram.  From maximum surface temperature to anticipated contrail heights to hail size, the Skew T/LOG P diagram is an invaluable asset that can and will enhance your forecast, increase the safety of flights, and provide the Commander with METOC knowledge in any AOR.

INTRODUCTION: This is the first lesson in a series of classes on the proper plotting and analysis of the Skew-T/Log P diagram. During this period of instruction we will cover the process of plotting the diagram and preparing it for analysis. The parameters found by using a Skew-T/Log P diagram can be used in forecasting clouds, precipitation, atmospheric stability, moisture content, turbulence, icing and server weather.

Purpose:  The purpose of this period of instruction is to provide the METOC Apprentice, Analyst, and Journeyman with the tools to accurately observe and analyze the atmosphere directly above the observing point.

Visual Aids:  Visual aids are incorporated into this period of instruction.  It is recommended that a Skew T/LOG P diagram be used also.

TERMINAL LEARNING OBJECTIVE:  With the aid of this period of instruction, and in accordance with the reference, the student will be able to decode, plot, and analyze the upper air data on a Skew-t/Log P diagram.

ENABLING LEARNING OBJECTIVE:  All enabling learning objectives are listed at the beginning of each unit.  

REFERENCES:
(a) AWS TR-79/006




(b) AWFA TN-98/002
BODY:
Decoding the upper air message.

The first task that must be accomplished once the data has been obtained is to decode it into a usable form. To accomplish the task of decoding the message, it needs to separated into it three main component groups, which are the TTAA, TTBB, and PPBB. These three groups are the only ones we will be discussing during this and the subsequent periods of instruction.  

The TTAA group contains the information for the mandatory levels. The TTBB group contains the information of levels significant in the area of temperature and dew point. The PPBB group contains the information of wind speed and direction in the atmosphere. The following message will be used all examples on the decoding of these groups for the remainder of this class:

TTAA 70121 72293 99000 12841 14003 00134 12841 14003 92784 07011 18004 85476 05459 28004 70033 03792 31514 50559 223// 30024 40719 343// 31547 30915 465// 32582 25034 539// 32571 20177 527// 29040 15363 555// 27554 10617 631// 27026 88244 545// 32066 77281 32593 43027 51515 10164 00006 10194 20004 30009 
 TTBB 70120 72293 00000 12841 11925 07011 22879 04212 33866 05063 44861 06261 55850 05459 66822 04066 77819 04061 88779 01058 99772 00862 11720 03762 22700 03792 33677 04978 44665 06363 55646 07973 66622 10759 77610 11764 88557 18359 99550 18381 11331 429// 22244 545// 33211 555// 44194 509// 55182 535// 66173 513// 77100 631// 31313 05102 81103 41414 864// 
 PPBB 70120 72293 90012 14003 15505 17004 90346 19004 25003 27507 90789 29007 32509 32512 91245 30518 29524 29022 916// 29520 92015 30529 31030 31554 928// 32059 93015 32581 32593 31562 93679 31058 31065 28537 94146 26546 28052 27053 9503/ 27540 27026  

This is the first section of the code: TTAA 70121 72293 99000 12841 14003. This section contains the group identifier TTAA. The next group of 5 digits is the encoded date, time and type balloon. The first two digits are the date: 70, followed by the time 12: and the type of sounding: 1.  The date is decoded by subtracting 50 from the number, 70 – 50 = 20 in this case, and this is the day of the month. The time does not need to be decoded, but it is the time the sounding is for in zulu, in this case 12Z. The final digit lets you know if the wind speeds are encoded as knots or meters per second (m/s), and a 1 indicated knots. The next set of 5 digits, 72293, is the station ID from which the sounding was taken. The next group starts a pattern the will be maintained for the remainder of the group. The pattern consists of 3 sets of 5 digits, 99000 12841 14003. The first two digits of this group will determine the level for which the data is for, e.g. the 99 in the example indicates the surface, the rest are in the table below. The next three digits are the level of the surface in millibars, e.g. 000 is 1000mb, 011 is 1011mb, 998 is 998mb, etc. For the remaining levels the last three digits indicate the height, in meters, above the surface. How to decode the height will be discussed later in this lesson.

	99
	Surface
	
	00
	1000mb

	92
	925mb
	
	85
	850mb

	70
	700mb
	
	50
	500mb

	40
	400mb
	
	30
	300mb

	25
	250mb
	
	20
	200mb

	15
	150mb
	
	10
	100mb


The second group of five digits contains the temperature and dew point depression for the level decoded in the previous group. The first three digits are the temperature to the nearest tenth of a degree Centigrade (C), it is encoded that all odd numbers are negative and even numbers are positive, e.g. 129 is -12.9 degrees C, 132 is +13.2 degrees C, etc. The remaining two digits are a little harder to decode. If the two digits are 50 or less then they are the amount of the dew point depression, or amount that must be subtracted from the temperature to arrive at the dew point, to the nearest tenth of a degree, e.g. 42 is a dew point depression of 4.2 degrees C. If the two digits are 56 or higher, then 50 must be subtracted from the number to get the dew point depression, e.g. 74 is (74 – 50 = 24) a dew point depression of 24 degrees C. The final set if digits are the wind direction and speed for that level. The first three digits are the wind direction for that level, rounded to the nearest 5 degrees. The next two digits will be the wind speed in knots or m/s, whichever the data was recorded in, e.g. 14003 is decoded as 140 degrees at 3 knots. If the wind speed in over 100 knots than the center digit of the group will be either a 1 or a 6, depending on whether the wind direction ended in a 0 or 5, e.g. 24623 is 245 degrees at 123 knots. If any part of the levels data is missing it will be encoded with a solidus or slash, e.g. 30915 465// 32582 the dew point depression is missing and therefore represented with //. This pattern of groups continues until the 100mb level is reached or there is not further data. The last two groups will normally be found after the 100mb level or the highest level reached by the sounding. These groups identify the tropopause and the max wind for this sounding. The tropopause group will be identified by the 88 in the first two digits, and the remaining three are the millibars level at which the tropopause is, e.g. 88244 545// 32066 the tropopause is at the 244mb level. The remaining two groups of five digits are decoded the manner already covered. The final group is the max wind group, 77281 32593, this group is indicated by the 77 and the remaining three digits correspond to the millibars level it can be found. The next group of five digits are decoded as you would the wind direction and speed earlier.

The TTBB is a simplest group of the three to decode. The following is an example of the beginning of the group: TTBB 70120 72293 00000 12841 11925 07011. The first group of five digits is decoded like its counterpart in the TTAA portion of the message, with the first two digit indicating the date, the next two the hour of the sounding, but the final digit is a place holder and has no meaning for this group. The next set of five digits, as before, are the station ID number. The next two groups of five digits start a pattern of data for the remainder of this portion of the message. The first two digits indicate the order in the message, e.g. 00, 11, 22, 33, etc., this is to allow you to mark your progress. The next three digits are the millibars level of the data to follow. The next group is the temperature and dew point for the afore mentioned millibars level, decoded in the same manner as before. An example of the encoded data and decoded data is, 00000 12841 11925 07011 which is 1000mb +12.8 deg C and a dewpoint depression of 4.1 deg C and 925mb +7.0 deg C and a dew point depression of 1.1 deg C.

The PPBB group in to record the winds throughout the sounding. This can be a tricky group to decode if you are not paying close attention. Again the first two set of five digits are the same as discuss previously, the date/time and station ID. The next group get contains anywhere from two to four sets of five digits. This pattern repeats until all the wind level have been reported. The first digit is an indicator digit of 9 indicating a wind level group. The second digit is the ten thousand’s digit from the height of the wind, e.g. 1 for 10,000 ft., 2 for 20,000 ft., etc. The third through fifth digits are the thousands of feet digit, e.g. 91246 is decoded as 12,000 ft, 14,000 ft, and 16,000 feet. There will a corresponding wind group to follow for each level listed in the 9 group. If there is a solidus or slash in the one thousand level, that means there will not be a corresponding wind group for that level, e.g. 9289/ means that there are wind groups for 28,000 and 29,000 to follow the 9 group. This is the cause for the size of group to vary from two to four sets of five digits. The fully decoded section looks like this: 90012 14003 15505 17004

	Height
	Wind Direction
	Wind speed

	Surface (000)
	140
	3 knots

	1,000 ft
	155
	5 knots

	2,000 ft
	170
	4 knots


Plotting the height of the mandatory levels.

The height of the mandatory levels is recorded on the Skew-t/Log P on the extreme right side of the chart, on the millibars level of the height, e.g. the 300mb height is recorded on the right side edge of the 300mb line on the chart. These number have to decoded before they can be recorded on the chart. The adjustment necessary is determined by the height of the level. The 1000mb or 00 and 925mb or 92 levels do not need any adjustment and can be recorded as is. The 850mb or 85 level is prefixed with a 1, e.g. 476 becomes 1476. The 700mb or 70 level  is prefixed with a 2 or a 3 depending on the first digit. If it is a 6,7,8, or 9 then it is prefixed with a 2, but if it is a 0,1,2,3, or 4 then it is prefixed with a 3, e.g. 033 becomes 3033, 876 becomes 2876, etc. The 500mb or 50 and 400mb or 40 levels are suffixed with a 0, e.g. 559 become 5590. The levels above 400mb are prefixed with a 1 and suffixed with a 0, e.g. 015 becomes 10,150. The only exception to this rule is the 300mb level or 30. It follows the same rule as the 700mb level, such as if the first digit is a 6,7,8, or 9 then it is not prefixed a 1, but it is if the first digit is a 0-4.

Once all the heights have been recorded then we are ready start plotting the chart. Starting at the +50 deg C line label the isotherm 0, then proceed up the chart labeling in 10 deg C = 1000m increments. This means that +50=0m, +40=1,000m, +30=2,000m, etc. Once this is done, plot height of the given millibars level on the horizontal millibars level at the corresponding temperature/height.

Plotting the temperature and dew point.

After you have finished plotting the height of each level, then it is time to move on to plotting the temperature and dewpoint. Plot the temperature of a given level, either mandatory or significant, along the horizontal millibars level where it intersects with the indicated temperature. Next plot the dew point by subtracting the dew point depression from the temperature. 
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Connecting the plots.

The plots should be connected by drawing a line using a straightedge, and connecting all the temperatures together in ascending order from the bottom of the chart to the top. The same is done for both the dew point and the height of the mandatory levels, also know as the pressure altitude curve or PA curve.
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Recording the wind plots.

There are three vertical lines on the right hand side of the Skew-T/Log P. The lines are used to record the wind data. The open circles are used to record the mandatory levels. The closed circles correspond to the normal level transmitted with an upper air sounding. On the line fartherest to the right, draw a line from the center of circle towards the direction indicated by the wind direction for that level. Label the line with the tens digit from the wind direction, e.g. 240 degrees would be labeled with a 4. Now you must indicate the speed of the wind. Round the wind speed to the nearest five knots. Draw a flag for every fifty knots, full barb for every ten knots of wind, and a half barb for left over five knots. On the middle vertical line draw the wind direction and barbs for the winds from the PPBB group we decoded above. 
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Legend of the Skew-T/Log P.

The last task in the initial plotting for the Skew-T/Log P is the filling out of the legend in the bottom right-hand corner of the chart. This data includes the station number and location, date, time, and the person who is plotting and analyzing the diagram.

Perform a basic analysis of the Skew-T/Log P diagram.

PURPOSE:  The basic analysis of the Skew-T/Log P will aid the forecaster in their ability see minor changes in the atmosphere.

TERMINAL LEARNING OBJECTIVE:  With the aid of, but in accordance with the reference, the student shall be able to perform a basic analysis of the Skew-T/Log P diagram.

ENABLING LEARNING OBJECTIVE:  Without the aid of, but in accordance with the reference, the student shall be able to complete the following:

1. Analyze for the Tropopause.

2. Analyze for the Freezing Level.

3. Analyze for the Convective Condensation Level (CCL), both the parcel and moist layer methods.

4. Analyze for the Lifted Condensation Level (LCL).

5. Analyze for the Level of Free Convection (LFC) and Equilibrium Level (EL), both the heated and lifted methods.

6. Analyze for the maximum and minimum temperature.

7. Analyze for the positive and negative energy area in both the heated and lifted methods.

8. Analyze for the Showalter Stability Index

9. Analyze for the Convective Temperature, both the parcel and moist layer method.

10. Analyze for the Wet-Bulb Zero (WBZ).

REFERENCES:
(a) AWS TR-79/006




(b) AWFA TN-98/002

INTRODUCTION: 

This is the second lesson in a series of classes on the proper plotting and analysis of the Skew-T/Log P diagram. During this period of instruction we will cover the basic analysis of the Skew-T/Log P diagram. The basic analysis of a Skew-T/Log P diagram can be used in forecasting clouds, precipitation, and atmospheric stability. The advanced analysis in the next lesson will cover determining the moisture content, turbulence, icing, and server weather.

BODY: 

Basics of the Skew-T.

The Skew-T/Log P has many different colored lines on it. Knowing what these lines mean is essential to beginning your analysis of the diagram. A few of the lines you already have used in the plotting of the diagram. These lines are the horizontal brown lines that are labeled as the isobar. The solid brown lines that descend from the upper right to the lower left are the isotherms. The new lines that you will need to identify are the dry adiabats, moist adiabats, and saturation mixing ratio lines. The dry adiabats are the curved solid brown lines that move from the upper left to the lower right on the chart. The moist adiabats are the curved solid green lines that also go from the upper left to the lower right. The saturation mixing ratio lines are the dashed green lines that move from the upper right to the lower left.  

Determining the Tropopause.

The Tropopause is the boundary that separates the Troposphere and the Stratosphere. There are two methods to determining the height of the tropopause. The first method is use when plotting the Skew-T/Log P diagram during the previous lesson. The 88 group at the end of the TTAA portion of the upper air message contains the computer analyzed tropopause. This is accurate the majority of the time. The second method is utilizing the temperature curve, determine the lowest level at which the lapse rate decreases (temperature increases) to two degrees Celsius per one kilometer or less. Determine the height at this level using the plotted Pressure Altitude (PA) curve. Using either method draw a line from the point identified on the temperature curve, and write the word “Tropopause” or “TROPO” above it.
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Determining the Freezing Level (Fzl).

The Freezing Level(s) is the level at which the plotted temperature curve crosses the zero degree isotherm, or the plotted temperature crosses the zero degree isotherm into temperatures greater than 0 degrees Celsius and then re-crosses the zero degree isotherm into temperatures less than zero degrees Celsius.  The point when the plotted temperature crosses the zero degree Celsius isotherm going into warmer air above zero degrees is not the freezing level.  This may occur more than once. At the intersection where the temperature crosses the zero degree isotherm, label this intersection by drawing a horizontal line and writing “Freezing Level” or “Fzl”. 
Determining the Convective Condensation Level (CCL).

The Convective Condensation Level is the altitude where an air parcel becomes saturated due to the convective (not mechanical) lift, usually from surface heating.  The parcel rises as a buoyant bubble separate from the air around it.  It becomes saturated when the rising parcel’s dew point matches the ambient air temperature at that level.  The CCL altitude is lower for humid parcels, and higher for dryer ones.  The CCL process is surface based, but the method can be applied to layers above the surface. The cloud base altitude of convective cells is a primary result of the CCL. 

There are two methods, the parcel and moist layer, for determining the CCL. To determine which method to use, first you must determine the moisture content. Examine the surface dew point depression, if it is greater that 6 deg C, than you must use the parcel method. If it is less than or equal to 6 deg C, determine the vertical extent of the moist layer, from the surface to where the dew point becomes greater than 6 deg C. If the moist layer is vertically greater than 6000 feet thick, use only the lowest 150mb of the sounding. Determine the average mixing ratio for the moist layer using the equal are method, extend a line parallel to a saturation mixing ratio line, by dividing the dew point curve into two or more equal areas. Extend the average mixing ratio line up until it intersects the temperature curve. Read and label the mb level with “CCL”, and determine the height on the PA curve.

If the layer does not meet the moist layer criteria, then use the parcel method. First of all find the surface dew point. Extend a line up parallel to a saturation mixing ratio line until it intersects the temperature curve. Read the isobar and label the mb with “CCL”. Determine the height on the PA curve.  
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Determine the Lifted Condensation Level (LCL).

The Lifting Condensation Level is the height at which a parcel of air becomes saturated when it is lifted dry adiabatically.  The LCL for a surface parcel is always found at or below the CCL.  This altitude is lower for humid parcels, and higher for dryer ones. Draw a line from the surface dew point temperature parallel to the saturation mixing ratio until it intersects the temperature curve. Draw a line from the surface temperature parallel to the dry adiabat until it intersects the saturation mixing ratio previously drawn. Read the mb at the point where the two lines cross, and label the isobar “LCL”. Determine the height using the PA curve. The LCL can be can be found at any level by substituting the surface for any pressure level available in the sounding.
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Determine the Level of Free Convection (LFC) and the Equilibrium Level (EL).

The LFC (Level of Free Convection) is the first level in the atmosphere where the temperature of a parcel raised from the surface is greater than the surrounding environment. This means that the parcel is now free to continue rising without the need of any additional energy input from the environment - hence it is "free" to continue convecting. Some soundings may not even have a LFC. This can occur in cases with dry low-level conditions or warm upper level temperatures, especially with sounding temperature inversions. In such circumstances the atmosphere can be considered ultra-stable, with no chance of convection. The height at which the LFC occurs can be used as general guidance for predicting the chances of convection.

There are two methods, the lifted and the heated, for determining the LFC. The first method we will discuss is the lifted method. Find the LCL from the surface. Extend a line up parallel to a saturation adiabat until it intersects the temperature curve, if it doesn’t intersect the temperature curve than there is not LFC. Finding the EL is tied directly to the LFC. That is to say, if there is no LFC there is no EL, using the lifted method. To find the EL, continue extending the line parallel to the saturation adiabat from the LFC until the line intersects the temperature curve. Label the isobar “EL-LFC” at the intersection. Determine the height on the PA curve.
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The other method for finding the LFC and the EL is the heated method. In this method the LFC has already been found. The LFC is found the same way as the CCL, so if you have found your CCL, by either method, then you have found the CCL. To find the EL extend a line parallel to the saturation adiabat until it intersects the temperature curve. Label the isobar “EL-CCL” at the intersection. Determine the height on the PA curve.  

Determine the minimum and maximum temperatures.

The Forecasted Minimum Temperature is the lowest expected temperature for the day. Find the 850mb dew point on a sounding from late afternoon or evening. Extend a line parallel to the saturation adiabat to the surface. Read the temperature and label as “TMIN”, this is the forecasted minimum temperature.

[image: image9.wmf] 

The Forecasted Maximum Temperature is the highest expected temperature for the day. The maximum temperature is dependant on the sky condition and/or if there is an inversion present. Therefore there are three methods for determining the maximum temperature. The first method is for clear to scattered skies. Find the 850mb temperature, and extend a line parallel to the dry adiabat to the surface. Read the temperature and label as “TMAX”, this is the forecasted maximum temperature for clear to scattered skies. The second method is for broken to overcast skies. Find the 850mb temperature, and extend a line parallel to the saturation adiabat to the surface. Read the temperature and label as “TMAX”, this is the forecasted maximum temperature for broken to overcast skies. The third method is used if there is an inversion between 4,000 and 6,000 feet. Find the warmest point of the inversion, and then extend a line parallel to the dry adiabat down to the surface. Read the temperature and label as “TMAX”, this is the forecasted maximum temperature with an inversion. Below is an example of the first method. 

Determine the positive and negative energy area.

Consider a parcel rising to LCL, then LFC, and past the EL. The area left of the temperature trace from the LFC down to the LCL and dry adiabatically to the surface temperature represents the atmospheric energy the rising parcel must overcome to get to the LFC. This is the Negative Energy area. The Positive Energy area is between the temperature trace and LFC moist adiabatic path up to the EL. The parcel is buoyant in the region, and the size of the Positive Energy area is proportional to the amount of energy for that path. Note that above the EL, the parcel is no longer buoyant, represented by a second Negative Energy area above the EL.
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There are two methods for determining the positive and negative energy areas. Determining which method is based on how the LFC for a sound was constructed. Construct a LFC (lifted method). The area bounded by the LFC and EL is the positive energy area, because it is warmer than the environment. The area between the LFC and the surface bounded by the saturation adiabat and dry adiabat used to construct the LFC, and the area above the EL are the negative energy areas. There can be more than one positive energy are in a sounding. Whenever the saturation adiabat crosses the temperature curve you have a transition from a positive to a negative area, or vise versa. The second method uses the LFC (heated method). Construct an LFC (heated method). Extend a line parallel to the dry adiabat from the LFC to the surface. As before the area between the LFC and the EL is the positive energy area, and the area above the EL is a negative energy area. Using this method the lower negative energy method is bounded by the temperature curve and the dry adiabat extending from the LFC to the surface.

Determine the Showalter Stability Index (SSI).

The SSI is a good indicator of the stability of the atmosphere. The index is a good tool for forecasters to use for determining if rain showers and/or thunderstorms are possible. First construct an LCL from the 850mb level. Extend a line parallel to the saturation adiabat to the 500mb level. Read the temperature where the saturation adiabat intersects the 500mb level and label it T1. The SSI = T500 – T1, where T500 is the temperature at the 500mb level. Compare to the chart below to [image: image11.png]200 AN L L e
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determine the stability of the atmosphere.

	SSI
	Indication

	Above +3
	Stable Atmosphere
	No thunderstorms likely
	  

	+3 to +1
	Mildly Unstable
	Showers probable, Thunderstorms possible
	Needs strong trigger

	0 to -3
	Unstable
	Moderate indication of severe thunderstorms 
	Forecast thunderstorms 

	-4 to -6
	Very Unstable
	Strong indication of severe thunderstorms
	Forecast thunderstorms


Determine the Convective Temperature (CT).

The CT is the surface temperature that must be reached to start the formation of convection clouds by solar heating of the surface-air layer. From the CCL (parcel) point on the temperature curve of the sounding, extend a line parallel to the dry adiabat to the surface-pressure isobar.  The temperature read at this intersection is the CT. Read the temperature at the intersection of the dry adiabat and the surface isobar, and label it “CT”.
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Determine the Wet-Bulb Zero (WBZ).
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The WBZ is used in more advanced analysis to determine things such as hail size and thunderstorm gusts. To determine the WBZ you must first construct and LCL for each point, usually, within a + 5 Deg C of the Fzl. After you construct each LCL, extend a line parallel to the saturation adiabat down to the isobar that was used for form the LCL, e.g. an LCL constructed from the 850mb level will have the line extended back down to 850mb level. Plot all of the points that occur. This is the wet-bulb temperature for each individual level. Using a straightedge, draw a line connecting all this points. Where this new line crosses the zero isotherm is the WBZ. Label the isobar “WBZ” and record the information in the analysis table.

Perform an advanced analysis of the Skew-T/Log P diagram.

PURPOSE:  The advanced analysis of the Skew-T/Log P will aid the forecaster in their ability forecast trends in the atmosphere.

TERMINAL LEARNING OBJECTIVE:  With the aid of, but in accordance with the reference, the student shall be able to perform an advanced analysis of the Skew-T/Log P diagram.

ENABLING LEARNING OBJECTIVE:  Without the aid of, but in accordance with the reference, the student shall be able to complete the following:

1. Compute the Lifted Index (LI).

2. Compute the K-Index (KI).

3. Compute the Total Totals (TT).

4. Compute the D-Values.

5. Compute the Relative Humidity (RH).

6. Analyze for Contrails.

7. Analyze for the Convective Gusts (T1).

8. Analyze for the Convective Gusts (T2).

9. Analyze for the Convective Tops.

10. Analyze for Hail.

11. Analyze for Turbulence.

12. Analyze for Icing.

REFERENCES:
(a) AWS TR-79/006




(b) AWFA TN-98/002

INTRODUCTION: 

This is the third and last lesson in a series of classes on the proper plotting and analysis of the Skew-T/Log P diagram. During this period of instruction we will cover the basic analysis of the Skew-T/Log P diagram. The basic analysis of a Skew-T/Log P diagram showed that it could be used in forecasting clouds, precipitation, and atmospheric stability. The advanced analysis in this lesson will cover determining the moisture content, turbulence, icing, server weather, and several indicies.

BODY: 

Determining Areas of Moisture.

Analyzing for areas of moisture is one the easiest items to analyze for on the Skew-T/Log P diagram. This will enhance the forecasters ability to forecast the height of cloud bases if they are expected to be in the area. An area of moisture is defined as an area with a dew point depression of 5 deg F (2.2 deg C) or less. These areas are not labeled by should be noted by the forecaster or individual doing the analysis.

Compute the Lifted Index (LI).
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The LI is a measure of the thunderstorm potential of a given atmosphere. It that takes into account the low level of moisture availability and the stability of the atmosphere. To obtain the LI first compute the mean mixing ratio for the lowest 3,000 feet of the sounding by using the equal area method. Forecast the maximum surface temperature for the day. Construct a Lifted Condensation Level (LCL) using the mean mixing ratio and the parallel used to forecast the maximum temperature. From this LCL, follow the saturation adiabat up to the 500mb level.  Label this point as T’. Read the temperature at T’.  Subtract this temperature for the 500mb temperature.  LI=T500 – T’. There in another index called the Modified Lifted Index (MLI) that is more sensitive to severe weather. The procedure is the same except the you extend the saturation adiabat until it is at the same level as the temperature curve at –20 deg C. MLI=-20C –T’. Use the table below to decode the value for the LI. 

	LI / MLI
	 

	Indication

	Above Zero
	 

	Stable atmosphere
	No thunderstorms likely
	  


	0 to -2
	 

	Mildly Unstable
	Showers probable, Thunderstorms possible
	Needs strong trigger

	-3 to -5
	 

	Unstable
	Moderate indication of severe thunderstorms 
	Forecast thunderstorms 

	-6
	 

	Very Unstable
	Strong indication of severe thunderstorms
	Forecast thunderstorms

	< -6
	 

	Way Unstable!
	Consider TORNADO occurrence
	  



	


Compute the K-Index (KI).

The (KI) was designed for airmass thunderstorm prediction, but can also serve as a indicator for possible severe thunderstorms. It is very dependent on 850mb moisture input, and is unreliable in western mountainous areas due to high surface altitudes limiting the depth of the moisture pool. Add the 850mb dew point and temperature (T850+ Td850). Subtract the 700mb dew point from the 700mb temperature (T700– Td700). Determine the 500mb temperature (T500). Compute the KI using the following equation: KI= (T850+Td850)–T500–(T700–Td700). Use the table below to determine the value of the KI.

	KI
	
	Airmass Thunderstorm
Probability
	
	Severe Storm Indication

	< 15
	
	NEAR 0% 
	
	Strong

	15 - 20
	
	20% 
	
	

	21 - 25
	
	20% - 40%
	
	

	26 - 30
	
	40% - 60%
	
	Moderate

	31 - 35
	
	60% - 80% 
	
	

	36 - 40
	
	80% - 90%
	
	Weak

	> 40
	
	NEAR 100%
	
	


Compute Total Totals (TT).

TT is a more reliable index because it combines the other two totals, but is very dependent on 850mb moisture. If instability is caused by cold air aloft, versus low-level moisture, TT becomes more accurate than other indices alone. To compute TT you must first compute the Vertical Totals (VT). The formula for VT is VT= T850-T500. Then you must compute the Cross Totals (CT). The formula for CT is CT= Td850- T500. Finally you can compute TT by using the following formula: TT = VT + CT. To find the significance of the TT value, use the charts below.
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	VT
	  
	CT
	  
	TT
	 
	Thunderstorm Forecast
East of Rockies

	16-19
	  
	23+
	  
	44
	 
	Gulf Coast & Over Water - ISOLD-FEW

	18-19
	  
	26+
	  
	44
	 
	ISOLD-FEW

	20-21 
	  
	26+
	  
	46 
	 
	SCT, FEW

	22-23
	  
	26+
	  
	48
	 
	SCT, FEW, ISOLD

	24-25
	  
	26+
	  
	50
	 
	SCT, FEW, ISOLD

	26-29
	
	26+
	
	52
	 
	SCT-NMRS, FEW-SCT  FEW

	> 30
	
	26+
	
	56
	 
	NMRS, (Blue & Red) SCT


	Orange 
	=
	General TSTMS 
	(Gusts < 35kts, Hail < 1/2")

	Green
	=
	Moderate TSTMS 
	(Gusts 35kts < 50kts, Hail 1/2" < 3/4")

	Blue
	=
	Severe TSTMS 
	(Gusts => 50kts, Hail => 3/4")

	Red
	=
	Tornadoes, Severe TSTMS


Compute D-Values.

D-values are defined as the difference between the actual height above mean sea level (MSL) of a particular isobaric surface and the height of the same pressure surface in the U.S. Standard Atmosphere. Naval aviators use d-values to make pressure-bomb detonation altitude corrections. Determine the height, in feet, of a desired level. Determine the standard height of the desired level, in feet. Subtract the standard height from the actual height. Read the computed D Value. 
Compute Relative Humidity (RH).

Definition:  Relative humidity is the amount of water vapor that is in the atmosphere relative to the maximum amount that it can hold. This will calculate the amount of moisture (water vapor) in the atmosphere that is available for cloud formation.  The areas with the highest RH values will be the most likely levels for cloud formations to occur. Determine the level of interest for RH computation. Determine the mixing ratio (W). Determine the saturation mixing ratio (WS). To obtain the RH, divide the mixing ratio by the saturation mixing ratio and multiply by 100%, (RH = W/Ws X 100%).
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Analyze for Contrails.

Condensation trails are elongated tubular-shaped clouds composed of water droplets or ice crystals that form behind an aircraft when the wake becomes supersaturated with respect to water or ice.   At the 500-millibar isobar between the –36 degree and –47 degree isotherms are four fine black lines extending upward to the right all the way to the top of the diagram. At the 400-millibar isobar (which is also the 100-millibar isobar) are four dashed black lines extending upward to the right, ending at the 40-millibar level. These are the contrail formation scales for the 500-millibar to 100-millibar and 100-millibar to 40-millibar levels. They are labeled from right to left as 100, 90, 60, and 0. The lines indicate the temperature and relative humidity necessary at any pressure above 500 millibars for saturation to occur by the addition of water vapor from a jet aircraft engine. These scales are used to analyze contrail formation levels. First step is to forecast the sky. If forecasting for clear to scattered conditions at cirrus levels, draw in 40% RH lines. If forecasting cloud decks in the vicinity of the tropopause, or broken to overcast clouds at cirrus levels, draw in the 70% RH line. Using the temperature profile, forecast contrails to the left of the 40% or 70% RH lines, depending on the cloud forecast. Determine the height of the Contrail levels using the PA curve.
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Analyze for Convective Gusts using the T1 method (T1) and the T2 method (T2).

The value of the T1 is used to determine the maximum wind speed gust associated with scattered thunderstorms in the vicinity of the forecast location. The value of the T2 is used to determine the maximum wind speed gust associated with intense squall lines or numerous thunderstorms.

There are two methods to compute depending on if there is an inversion in the sounding. The procedure for T1 when the inversion is within 150mb to 200mb of the surface and not expected to break with surface heating is, start at the warmest point of the inversion and extend a line parallel to the saturation adiabats up to 600mb. The temperature difference between the moist adiabat and the dry-bulb temperature trace at 600mb is the T1. Convert the T1 value using the chart below. Use this procedure when no inversion is present, or more than 200mb above the surface. Forecast the maximum surface temperature. Extend a line parallel to the saturation adiabat up to 600mb. The temperature difference between the saturation adiabat and the dry-bulb temperature at 600mb is the T1. Convert the T1 value on the table below. To calculate the maximum gust speed, add 1/3 of lower 5,000 feet mean wind speed. Wind gust direction is determined from the mean wind direction between 10,000 feet and 14,000 feet.
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To analyze for T2 use the following procedure. Start at the wet-bulb zero. Extend a line parallel to the saturation adiabats down to the surface. The temperature difference between the saturation adiabat and the forecasted maximum temperature at the surface is the T2. Calculate the T2 and follow it into the chart below to where it intersects the three curves to compute the minimum, average and maximum gust speed. Wind gust direction is determined from the mean wind direction between 10,000 feet and 14,000 feet. 

Analyze for Convective Tops.

The Convective Condensation Level is the altitude where an air parcel becomes saturated due to convective (not mechanical) lift, usually from surface heating.  The parcel rises as a buoyant bubble separate from the air around it.  It becomes saturated when the rising parcel's dewpoint matches the ambient air temperature at that level.  The CCL altitude is lower for humid parcels, and higher for dryer ones.  The CCL process is surface based, but the method can be applied to layers above the surface. To identify the forecasted top of thunderstorms use the following procedure. Compute the height of the CCL in feet. Compute the height of the EL in feet. Subtract the height of the CCL from the EL in feet. Add 1/3 of the value to the whole amount, e.g. if the difference is 10,000 and 1/3 of 10,000 is 3,300, then the tops would be 13,300.

Analyze for Hail.
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Hail analyzation will assist the forecaster in determining the severity of inclement weather in order to avoid possible individual and or property damage. Hail forms as liquid water droplets that are carried up and down within thunderstorms across the freezing level.  As the hailstones freeze, updrafts carry them back in to above-freezing levels where they are re-coated with water, then lifted higher to freeze again. Use the following procedure to determine the size and severity of hail in a convective storm. First, Determine the CCL and label it A. Draw a horizontal reference lines at the millibar level of minus five degrees Celsius on the temperature curve and the CCL. Extend a line parallel to the saturation adiabat from the CCL until it intersects the reference line drawn from the minus five degree Celsius.  Label this point B. Label the minus five degree Celsius level point B’. Determine the difference in the temperature of point B and point B’. This is the base of the positive triangle. Extend a line from point B on the minus five degree reference line parallel to the dry adiabat to point A. Determine the difference in the temperature of point B and point A. This is the altitude of the positive triangle. Utilizing the Fawbush-Miller Hail Graph, below, determine the hailstone diameter in inches. Now, determine the WBZ. If the WBZ height is greater than 10,500 feet, enter the preliminary hail size and the height of the wet-bulb-zero to compute final hail size, this will account for any melting during descent.
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Analyze for Turbulence.

Turbulence is erratic horizontal and/or vertical movements of the wind in a layer due to either friction with the terrain, vector shear (speed and/or direction change) through the layer, or both. Aircraft flying through these areas are buffetted by the changing horizontal and vertical wind changes. Turbulence can rip an aircraft apart in flight, damage the airframe, and cause injury. Therefore, accurate turbulence forecasts are an important part of an aviation brief. Use the following procedure to analyze for turbulence. Determine the boundary layer, usually the lowest 3,000 ft of the atmosphere. The thresholds in the top table of the chart below show the results of forced mixing in the boundary layer from faster and faster winds. Simply put, the rougher the terrain and the faster the wind, the worse and deeper the turbulent mixing. This shear table, lower table, applies to all layers in the atmosphere, not just low-level. Again, the more shear and faster the winds, the worse the turbulent mixing in that layer.
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Analyze for Icing.

The initial formation of ice on an aircraft by sublimation or by conduction and evaporation after the droplets strike the aircraft. There are two methods to determine the levels and severity of aircraft icing. The first is to use the following procedure and the second is to compare individual levels of the diagram to the chart below. Determine the difference between the temperature and dew point at each level. Multiply the difference by -8 and plot the product opposite of the corresponding temperature point at the appropriate level. Connect the plotted points with a dash line. The area enclosed by the temperature curve on the left and the -8 curve on the right outlines is the icing layer. Determine the icing intensity.

The following are steps that will aid in the use of the chart below. Determine the levels and/or layers at which the dew point depression is 3 degrees or less. Determine the levels and/or layers at which the dew point depression shows a rapid spread of 5 degrees Celsius or more. Determine the synoptic situation. Determine the forecasted clouds types at levels/layers specified above. Determine icing types by looking at the chart below. 
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