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1. lintroduction

The use of VIL (Vertically Integrated Liquid) as a tool in severe weather prediction is not
new. However, a variation on the use of VIL has led to a quantity called VIL density. VIL
density has recently shown promise as a predictor of not only the possibility of hail, but also
the possibility of severe hail (3/4 inch diameter or greater). The intent of this Technical
Attachment is to give a brief overview of VIL and VIL density, along with its application to
recent severe hail cases in the West. In section I, a brief overview of the theory behind
the early attempts at forecasting hail (prior to the introduction of VIL density) will be
presented. In section lll, the transformation from VIL to VIL density will be addressed as
well as the investigation of its use as a tool for forecasting severe hail in Oklahoma
(Amburn and Wolf 1997). In section IV, the one-third and one thirtieth rules will be
introduced. The application of VIL density theory in the West will be presented in section
IV. Finally, some closing remarks concerning the use of VIL density will be made, including
its relationship to incidences cf heavy rain, damaging downburst winds and tornadoes.

Il Hail Forecasting Prior to the Introduction of VIL Density
a. Research on forecasting large hail prior to the introduction of VIL

The development of the Video Integrator and Processor, and the associated digital data
opened the door for research involving digitized radar data. Lemon (1980) took full
advantage of this data, and proposed a criterion for severe storm identification involving
the detection of VIP 5 (approximately 51dBZ or more) at 8 km AGL (or approximately
26,000 ft) or higher. It was considered a good severe storm indicator for large hail.

Wagenmaker (1987) then studied the VIP 5 height as a function of several rawinsonde
data-derived parameters, which included VIP & height verses 300 mb temperature, 500 mb
height, 500 mb temperature, freezing level height, 300 mb height, and maximum echo top
height. Although the prediction of hail occurrence was found to be very good, the



correlation with hail 3/4 inch or greater was still an area where improvements could be
made.

b. The introduction of VIL

The background on VIL began with Green and Clark (1972). They identified the
relationship in the following equation:

M* =344 x10° [ Z'7dH
where;
M* = VIL (kg m™)

dH = The height difference in meters between radar beam centers of successive scans in
a tilt sequence.

Z = The linearly averaged reflectivity between the two successive scans (mm°® m™).

The integration is performed from the base of the storm to the top of the storm.

An alternate derivation of the VIL equation (OTB, 1993) is:
M=3.44x10° 2"

where;

M = liquid water content (g m~)

Z = radar reflectivity (mm°m™)

We can obtain M* by converting this alternate form of the equation from g m™ to kg m®and
integrating as shown below.

M#*= 344 x 107 (gm” ) x (lkg /10°g)l Z*7 dH

or

M*=344x10°[ Z'dH

The WSR-88D hail algorithm calculates VIL. In order to calculate VIL, reflectivity values
are first derived for each 4 km by 4 km grid box for each elevation angle within a 230 km

radius of the radar, then vertically integrated. Reflectivities greater than 54 dBZ are not
used in the calculations. The VIL values are output in units of mass per unit area (kg m™).
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There are several limitations on the accuracy of VIL. The use of grid boxes can cause
underestimates in fast moving storms or storms that are strongly tilted due to their vertical
profile overlapping into more than one grid box. Underestimates occur for storms whose
tops are incompletely scanned due to their close proximity to the radar. VIL is somewhat
misnamed because much of the reflectivity may result from ice phase precipitation.
Overestimates may occur for some storms beyond 200 km since the algorithm extrapolates
liquid water estimates from the lowest azimuthal sweep below the beam down to the
ground. (OTB, 1993). However in the central Plains, VIL has been found to be a good
indicator of the presence of both small and large hail (Winston and Ruthi 1986). At this
point, there was enough evidence for VIL to be used as a severe weather indicator.

Of widespread use during much of the 1990s is the “VIL of the day” approach. Once a
critical value has been determined (a value for which severe hail has previously fallen that
day), the value is then used as an effective severe hail indicator. Unfortunately, this value
can vary drastically since it is based on the characteristics of the air mass, which can
change very rapidly from day to day, or even from morning to afternoon.

. VIL Density and the Amburn and Wolf Study
a. Cell density

Paxton and Shepherd (1993) continued the investigation of the relationship between echo
tops and thunderstorm severity, but instead of the parameters used by Wagenmaker
(1987), a quantity called “cell density” was used. Cell density is essentially the ratio
between the maximum VIL and the echo top height.

b. VIL density and Amburn and Wolf

Amburn and Wolf (1997); hereafter referred to as AW, investigated of a quantity called
“VIL density”. VIL density is defined as VIL (kg m™), multiplied by 1000 (g kg™"), divided by
the echo top height (m).

VIL density = VIL x 1000/ echo top

Both VIL and echo tops can be obtained from the WSR-88D, so VIL density can easily be
calculated.

The advantage of VIL density verses VIL is in the fact that VIL density is a normalization
of VIL via division by echo tops heights. Hence the variations in VIL density due to air
mass type (for example, maritime polar versus maritime tropical) are much less than the
variations in VIL.

(5]



The AW study consisted of a 9-month project from November 1994 through July 1995
under the radar umbrella of the KINX WSR-88D radar at Inola, Oklahoma, near Tulsa. A
total of 221 thunderstorms were included in the study. The maximum VIL values and
associated echo tops were used to calculate VIL densities.

Of the 221 cases investigated by AW, severe hail occurred during 185 of the cases. Non-
severe hail occurred in 36 of the 221-cases. ‘Two criteria were used in selecting cases.
First, all thunderstorms that were known to have produced severe hail, as indicated from
local storm report logs, were included in the study. Second, thunderstorms that did not
produce severe hail were included only if they moved over a highly populated area when
reports of hail observations could normally be expected (from around 0800 until around
2200 LT). This was done to ensure that the thunderstorms included as non-severe hail
producers did not, in fact, produce severe-criteria hail. Thunderstorms that were not
observed to produce severe hail, and that did not move over a highly populated area, were
not included in the study. Also, thunderstorms with maximum VILs below 15 were not

included in the study.

About 90% of the thunderstorms that produced severe hail occurred with VIL densities of
3.5 or greater. Less than 2% cfthe thunderstorms with VIL densities of 3.5 or greater were
falsely identified as severe. Therefore a VIL density of 3.5 was considered by AW to be
a “reasonable threshold value for identification of severe hail.” Also a correlation
between VIL density and hail size resulted from the study. For VIL densities less than 3,
there were no reports of hail greater than 1 inch in diameter (Table 1). For VIL densities
3.0 - 3.9 most of the hail was 3/4 inch to 1 inch. For VIL densities 4.0 - 4.9, most of the hail
was 3/4 inch to 1 3/4 inches. For VIL densities 4.9 or greater, most of the hail was 1 inch
to 1 3/4 inches. For all hail (2 1/2 inches diameter) and larger, VIL densities were never
below 4.75.

IV.  Application of the One-third and One-thirtieth Rules
a. Determination of critical VIL values using simple calculations

An important point can be noticed from the data in Table 1 concerning VIL density values
of 4.5 or greater. For VIL densities of 4.5 or greater all reports were severe. So based on
the table, the 4.5 VIL density threshold can be used as a “near 100% probability VIL
density threshold for severe hail.”

Since the VIL density values of 4.5 and 3.5 are critical values for the “near 100%
probability VIL density threshold for severe hail” and “reasonable VIL density
threshold for severe hail” respectively, we introduce the “one-third” and “one-thirtieth”
rules for converting echo top values to critical VIL values that result in VIL density values
very close to the “critical VIL density values”.



These calculations are very useful since by inspecting the sounding and estimating
expected echo tops for the forecast period, one can estimate the VIL values that would
indicate severe hail. An approximate thunderstorm top height can be determined based
on the most recent radiosonde and a “VIL of the forecast period” can be approximated.
For instance, if the forecaster thinks that cloud tops will likely be around 30 thousand feet
during the forecast period, then the forecaster can estimate a “near 100% probability VIL
threshold for severe hail,” which would be VIL values in the lower 40s, and a
“reasonable VIL threshold for severe hail,” which would be VIL values in the lower 30s,
simply by using the following equations:

The “One-third” rule
Echo top + (1/3 of the echo top) = approximately the “near 100% probability VIL
threshold for severe hail” for that echo top value.

The “One-thirtieth” rule
Echo top + (1/30 of the echo top) = approximately the “reasonable VIL threshold for
severe hail” for that echo top value.

In other words, to perform the calculation to determine the “near 100% probability VIL
threshold for severe hail”, simply take the echo top height (in thousands of feet) and add
one third of its value. The resulting value is approximately the critical VIL value that the
VIL must meet or exceed in order to reach the “near 100% probability VIL density
threshold for severe hail” value of 4.5 for that particular echo top. Likewise, to perform
the calculation to determine the “reasonable VIL threshold for severe hail”, simply take
the echo top height (in thousands of feet) and add one-thirtieth of its value. The resulting
value is approximately the critical VIL value that the VIL must meet or exceed in order to
reach the “reasonable VIL density threshold for severe hail” value of 3.5 for that
particular echo top.

Below is a quick derivation of the “one-third” and “one-thirtieth” rules.

VIL density (g m?) = VIL (kg m?) x 1000 (g kg') / echo top (m) (4)
Since WSR-88D echo top heights are in feet, (4) is multiplied by 3.28 ft/m:

VIL density (g m?) =[VIL (kg m?) x 1000 (g kg') / echo top (feet)] x 3.28 (5)
Simplifying, (5) becomes:

VIL density (g m?) = [VIL (kg m?) / echo top (kft)] x 3.28 (6)

n



b. Examples

Assume forecast echo top height of 30 kft. According to the 1/3 rule, the “near 100%
probability VIL density threshold for severe hail” is reached when the VIL exceeds 30
+ 1/3 (30) or 40. This calculation can be tested by substituting a VIL value of 40 into
equation (6):

(40/30) x 3.28 = 4.37 which is approximately 4.5

In words, for an echo top of 30 thousand feet, a VIL of 41 indicates a “near 100%
probability for severe hail” since this results in a VIL density of approximately 4.5.

By testing other echo top heights we can confirm this relationship.

For an echo top height of 15 kft
15 + (113 x 15) = 20, so VILs > 20 have a near 100% probability of being severe VILs

(20/15) x 3.28 = 4.37

For an echo top height of 24 kft
24 + (113 x 24) = 32, so VILs > 32 have a near 100% probability of being severe VILs

(32/24) x 3.28 = 4.37

Notice that the calculated VIL densities are just shy of 4.5. This is the reasoning behind
the wording “approximately equal to the near 100% probability VIL density threshold for
severe hail’.

To verify the one-thirtieth rule, simply replace 1/3 with 1/30 in the above examples. For
instance

For an echo top height of 39 kft

39 +(1/30 x 39) = 40.3, VILs > 40 have at least a “reasonable probability” of being severe
VILs

(40/39) x 3.28 = 3.36

V. Application of VIL Density Theory in the West
a. Preferred synoptic environment for hail in southern California

Large hail is not as frequent in the West as it is in the Midwest. In southern California,
non-severe hail is far more frequent. Many reported hail events in southern California
occur when 500 mb temperatures are approximately -22 or less, and when freezing levels
fall below 6000 feet MSL (with such a low freezing level, even fairly weak, but sustained
updrafts can produce hail). These conditions generally occur post-frontally, in the cold
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unstable air mass settling over the area, instead of with the cold front. This is very close
to the type of scenario indicated by Hales (1985) in his discussion of tornadoes in the Los
Angeles area. Hales found that the majority of tornadoes in the Los Angeles area occur
well behind the cold front (Fig. 1). In order to supply the vertical motion necessary for
widespread small hail with significant accumulations, along with isolated areas of larger
hail, a vorticity center is usually needed. This situation can result in severe events outside
of the more convection-prone areas over the mountains, over and downwind of the islands,
and at the land breeze front. Other conditions associated with the more severe events are
mentioned in Wofford (1994).

These conditions can occur during any season, except during the summer. During the
summer monsoon season, the 500 mb temperatures and freezing levels are much higher,
and most of the hail events occur in the mountains and deserts. The following case
studies show the utility of VIL density in the West.

b. Case studies

The following case studies were recent Western Region Technical Attachments at the time
of this writing. It is important to remember that the cases were selected because they were
the only thunderstorm studies that included both echo top and VIL, the values necessary
for computing VIL density. Other thunderstorms studies were not selected because they
did not include both values.

1. Severe thunderstorm in Fallbrook, California on 24 May 1996

On the morning of 24 May 1996, an upper-level low pressure system with strong 500 mb
PVA moved over San Diego County (Garza and Atkin 1996). There was already a large
upper-level low pressure system over Nevada, so the PVA occurred with a small trough of
low pressure moving rapidly across southern California in post-frontal northwesterly flow.
One inch diameter hail was reported with the storm over Fallbrook, in northwest San Diego
County. The maximum VIL value of 43 kg m* combined with an echo top of 26,000 feet
MSL results in a VIL density of 4.42. This value is well above the reasonable threshold for
identifying severe hail, and gives us a size range from 3/4 inch to 1 3/4 inches in diameter.

2. Severe thunderstorm in north central Oregon on 9 July 1995

On the morning of 9 July 1995, a supercell thunderstorm developed in the north central
portion of Oregon, southwest of Redmond, Oregon (Tolleson 1996). As the storm went
through Redmond, a spotter reported one-half inch diameter hail. Atthattime the echo top
of 32,000 feet MSL (9751 meters) and a VIL of 30 kg m * resulted in a VIL density of 3.1.
This value is below the reasonable threshold value of 3.5 for identifying severe hail and is
supported by the report of non-severe hail in Redmond. By the time the supercell reached
Condon, the echo top reached 44,000 feet MSL (13,408 meters) and the VIL reached 67
kg m*, resulting in a VIL density of 5.0. This value is well above the reasonable threshold
for identifying severe hail, and gives us a size range from 1 inch to 1 3/4 inches in
diameter. Golf ball to baseball size hail occurred. Also a tornado was reported.
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o The Lemoore Naval Air Station severe hail event on 22 November 1996

On the afternoon of 22 November 1996 a supercell thunderstorm developed near Lemoore
Naval Air Station, about 40 miles west of Fresno, California (Kruzdlo 1998). Echo tops
were approximately 25,000 feet MSL (7618 meters) and VILs were between 30 and 40 kg
m™. This resulted in a range of VIL densities between 3.93 and 5.25. These values are
well above the reasonable threshold for severe hail, and gives a size range from 3/4 inch
to 1 3/4 inches in diameter. The largest hail reported during this event was 2 1/2 inches
in diameter. |n addition, two tornadoes were reported.

4. The Las Vegas Nevada severe hail event on 23 August 1995

On the afternoon of 23 August 1995 a severe thunderstorm developed near Las Vegas,
Nevada (Runk 1996). The echo top was approximately 43,000 feet MSL (13,103 meters)
and the maximum VIL was 63 kg m™?. This resulted in a VIL density of 4.8. This value is
well above the reasonable threshold for identifying severe hail, and gives a size range from
3/4 inch to 1 3/4 inches in diameter. Hail up to one inch in diameter along with damaging
downburst winds occurred with the storm.

VI Discussion

These few cases have shown that there is a promise concerning the use of VIL density to
identify severe hail in the West, however more study (such as a project similar to the AW
study) is necessary to fully establish the facts concerning the use of VIL density. If the
results of future studies continue to show good skill for forecasting severe hail, then it might
be a good idea to add VIL density to the suite of products available on the WSR-88D. Until
such time, VIL density can be easily obtained from the VIL density tables included with this
study (Tables 2 - 4), or the critical VIL values can be easily calculated using the one-third
and one thirtieth rules. Itis also recommended that forecasters evaluate the performance
of VIL density as well as the hail detection algorithm. In this manner, insights into the
accuracy of both methods can be achieved.

Operational forecasters in southern California have been successfully using VIL density
to forecast severe hail. Forecasters have also been successful in forecasting strong winds.
It seems as though the one-third and one-thirtieth rules for severe hail work well for severe
convective winds, so by simply replacing “severe hail” with “severe convective winds” in the
one-third and one-thirtieth rules, the rules may be used successfully for severe convective
winds in southern California. Finally, VIL density has been successfully used for heavy rain
situations. Therefore, future studies based on wind damage reports, tornado damage
reports, and flooding reports will be the next steps in the investigation of VIL density.
Although the focus of this Technical Attachment was on the use of mainly VIL density, the
use of VIL density in combination with other parameters for predicting severe events will
likely be included in these future studies.
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Ranges in VIL density
Hail size <3.0 3.0-3.4 3.5-3.9 4.0-4.4 4.5-49 >49

<19 mm (36) 27 7 0 2 0 0
19-24 mm (117) 6 10 3.2 44 18 1
25-45 mm (63) 0 1 3 I8 16 23

>45 mm (5) 0 0 0 0 l 4

(Total number) (33) (I18) (37) (64) (35) (34

Table 1. Hail sizes for given ranges of VIL density. Note that as the hail
sizes increase, the minimum ranges for VIL density also increase. Values in
parentheses represent the number of events in that category-range. (after
Amburn and Wolf, 1997.)

Fig. 1. Mean position of jet stream (arrow) and cold front at the time of
tornado occurrences. The hatched area indicates the typical location of the
low centers at the surface, 850, 700, and 500 mb. (after Hales, 1985.)



VIL DENSITY VERSES HAIL SIZE
VIL DENSITY HAIL SIZE (DIAMETER)
Less than 3.0 g m” Mainly less than 3/4"
3.0gm®-34gm’ Mainly less than 3/4" to 1"
3.5gm®-39gm’ Mainly 3/4" to 1"
40gm’-44¢gm’ Mainly 3/4" to 1 3/4"
45gm>-49gm? Mainly 3/4" to 1 3/4"
Greater than 4.9 g m™ Mainly 1" to 1 3/4"

Table 2. Values of VIL density verses hail size. The “reasonable threshold for severe hail”
(3/4" or larger) is 3.5 g m*. The “near 100% probability threshold for severe hail”
(3/4" or larger) is 4.5 g m™.
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68| 63|59 56 53 5|48|45 43 41 4|33|37 35 34 33|32|31 3 29 28|27|26 26 25 24524
7]66162 58 55 52149]147 45 43 41|39|38 36 35 34)33]132 31 3 29128)27 27 26 25|25
73| 68|64 6 5.7 53| 0.1]49 46 44 4241|339 33 36 35[34]33 32 31 3[29|28 27 27 2o]25
75| 7|66 62 58 55|52] 5 48 46 44|/42| 4 39 38 36/35|34 33 32 31| 3|29 28 28 27|26
77|72)68 64 6 57]|54|52 49 47 45|43|42 4 38 37)36|36 34 33 32]31) 3 29 29 28|27
8|74 7 66 62 59]|56]53 51 48 47]45/43 41 4 38|37|386 35 34 33)32§31 3 3 29|28

5
53
58
58
6.1
6.3
6.6 3
68 7
¥4 3
73 9
7.6 0
78 1
8.1 2
8.3 33
86 £
351115 57 47 200 23) 19 16 14 13) 11] 10 96 88 82|76|72 68 64 6]57155 52 5 48/46/44 43 41 4]38/37 35 35 3413332 31 3 29|29] 35
36[116 53 48 30| 24| 20 17 15 13| 12| 11 98 01 64| 79| 74 63 66 6.2| 59|56 54 51 409|4.7|46 44 42 41]|33| 33 37 356 35)|34}33 32 31 3| 3|36
71121 61 50 30| 24{ 20 17 15 13| 12| 11 10 93 87|8.1|76 7.1 68 64| 61|58 55 53 51|49]47 45 43 42|41|39 38 37 35/35[34 33 32 31| 3 37
8]125 62 51 31|25/ 21 18 16 14| 12| 11 10 96 8983|758 7.3 69 66| 62|59 57 54 52| 5/48 46 45 43|42 4 39 38 37|38|35 34 33 32{31 38
339|128 64 52 32| 26| 21 18 16 14] 13| 12 1198 91|85 8 75 71 67| 64|61 58 56 53|51|49 47 46 44}43/41 4 39 38|35[35 35 34 33|32 39
301131 65 54 33| 261 22 19 16 15] 13| 12 11 10 94|87|82 77 73 65| 66163 5 57 55/53|51 49 47 45/44}42 41 4 3937|365 35 35 34|33[ a0
411134 67 55 34]27] 22 19 17 15] 13] 12 11 10 96 513,4 79 75 71| 67|64 6.1 28 56[54)52 5 48 46]45]43 42 4.1 4]133J3.7 35 36 34|34 4
321138 69 57 34|28} 23 20 17 15] 14| 13 11 11 98|92|86 81 77 72| 69|66 63 6 58|55/53 51 49 48]48[45 43 42 41|39|38 37 37 35/34] 4
33]141 71 58 35| 28| 24 20 18 16| 14| 13 12 11 10|94)88 83 73 74| 71|67 64 61 59|57|54 52 51 49|47|46 44 43 41| 4139 33 37 36|35 &
aal1a4 72 59 36|20 24 21 18 16| 14| 13 12 11 10|96] 9 85 8 7672|659 66 63 6|58|56 53 52 5|48|47 45 44 42/41| 4 33 33 37 1
350143 74 61 37/ 300 25 21 18 16| 15/ 13 12 11 11|98)92 87 82 78| 74| 7 67 64 62|59]57 55 53 51]49|48 46 45 43)42/41 4 39 33 45
36]151 75 62 38| 30| 25 22 19 17| 15| 14 13 12 11| 10|34 89 84 7.3| 75|72 639 66 63| 6|58 56 54 52| 5|49 47 46 44)43]42 41 4 39 36
371154 77 63 39|31} 26 22 19 17| 15| 14 13 12 11| 10j96 9.1 86 81| 77|74 7 67 64|62|59 57 55 53|51] 5 48 47 45/44]43 42 41 39 a7
38]157 79 65 39| 32) 26 23 20 17| 16| 14 13 12 11| 10{92 93 88 83| 79|75 72 68 66|63|61 58 55 54|53|51 49 48 46|45/44 42 42 4 a8
a3]161 80 66 40|32 27 23 20 18| 16|15 13 12 11| 11| 10 85 89 85| 8|77 73 7 67|64|62 6 58 55{54/52 5 49 47|46]45 43 43 41
501164 82 68 41| 33] 27 23 21 18] 16/ 15 14 13 12| 11] 10 97 91 86| 82|78 75 71 68|66)63 6.1 59 575553 5.1 5 48]47]46 44 43 42
31167 B4 60 42| 23] 28 24 21 19| 17] 15 14 13 12| 11] 10 938 93 88| 84| 8 75 73 7|67]65 62 06 58|56|54 52 51 49|48|46 45 4.4 43
521171 85 70 43| 34| 20 24 21 19| 17| 16 14 13 12| 11| 11 10 95 9|85|81 7.7 74 71|68|66 63 61 59|57|55 53 52 5/49}47 46 45 44
353|174 87 72 43|35/ 29 25 22 18] 17| 16 14 13 12| 12| 11 10 97 9.1} 87|83 79 76 73| 7|67 64 62 6|58/56 54 53 51| 5|48 47 46 45
341177 89 73 44|35/ 30 25 22 20| 18|/ 16 15 14 13| 12| 11 10 99 93| 89|85 8 77 74|7.1|68 66 63 6.1]59|57 55 54 52| 5|49 4847 45
55|180 00 74 45|36/ 30 26 23 20| 18] 16 15 14 143] 12) 11 11 10 95| 0|85 82 78 75/72| 7 67 65 62| 6|58 56 55 53/51) 5 49 48 46
56(184 92 76 46| 37| 31 26 23 20| 18| 17 15 14 13| 12| 11 11 10 9.7| 92|88 83 8 7.7|74|7.1 68 66 63|61|59 5.7 56 54|562|51 5 489 47
371187 94 77 47| 37| 3t 27 23 21| 19| 17 16 14 13| 12| 12 11 10 98| 93|89 85 81 78|75|72 69 67 65/62| 6 58 57 55/53|52 5§ 5.48
Zal190 95 78 48| 38| 32 27 24 21| 19| 17 16 15 14| 13| 12 11 11 10| 95|91 86 83 79|76/73 7 63 65|54|61 59 58 56|54/53 51 549
59]193 97 80 48| 39| 32 28 24 22| 18] 18 16 15 14| 13| 12 11 11 10/ 97|92 88 84 8.1|78|76 72 69 67|65/63 6 59 57|55/54 52 51 &
501197 98 81 49| 39|33 28 25 22| 20018 16 15 14) 13| 12 12 11 10} 93|94 89 85 B82[79]76 73 7 68]66]64 62 6 58 563565 53 52 5
511200 100 83 50| 40] 33 20 25 22| 20| 18 17 15 14 13] 13 12 11 11| 10|95 9.1 87 84| 8| 1.7 714 12 BBTS' 55 63 61 59|57|56 54 53 5.1
521203 102 84 51| 41| 34 20 25 23| 20{ 19 17 16 15| 14| 13 12 11 11| 10|97 92 88 85|82|78 75 73 7|68|66 64 62 6/58|56 55 54 52
207 103 85 52| 41| 35 30 26 23| 21|19 17 16 15| 14/ 13 12 11 11| 10|99 94 g 86|83| 8 77 74 7.1|69|67 65 63 6.1|59|57 56 55 53
541210 105 &7 53| 42|35 30 26 23| 21)/ 19 18 16 15| 14| 13 12 12 11| 10| 10 95 9.1 88|84|81 78 75 72| 7|68 66 64 62| 6|58 57 56 54
551213 107 88 53| 43| 36 31 27 24| 24J 19 18 16 15| 14] 13 13 12 11} 11| 10 97 93 89|85|82 79 76 74|7.1]69 67 65 63]6.1]59 58 57 55
56]216 108 89 54| 43| 36 31 27 24| 22| 20 18 17 15] 14| 14 13 1z 11| 11| 10 9.8 94 9|87|83 8 78 75|72 7 68 66 64|62] 6 538 57 55
571220 110 91 55| 44| 37 31 27 24| 22| 20 18 17 18| 15| 14 13 12 12| 11| 10 10 95 92|88|85 81 79 76/73| 71 639 67 65/63}61 59 538 56
881223 112 92 56| 45| 37 32 28 25| 22|20 19 17 16| 15| 14 13 12 12| 11| 11 10 97 9.3|89|86 83 8 7.7|74|72 7 68 66/64|62 6 59 57
591226 113 94 57| 45| 38 32 28 25| 23] 21 19 17 16] 15 14 13 13 12| 11| 11 10 98 95[(9.1|87 84 81 78|76/73 7.1 69 67|65/63 61 6 58
701230 115 95 57| 45l 38 33 29 25| 23l 21 19 18 15| 150 14 14 13 12| 11] 11 10 10 96|92|89 85 82 79|77|74 72 7 68|65/64 62 61 58
711223 116 06 58] 47| 39 33 29 26| 23| 21 19 18 17| 16| 15 14 13 12| 12| 11 11 10 9.7|93| 9 86 83 8|/8|75 73 7.1 69|66]65 63 62 6
771226 118 98 53| 47| 39 34 30 26| 24|21 20 18 17| 16| 15 14 13 12| 12/ 11 11 10 99|95|91 87 85 8.1|79|76 74 72 69|67|66 64 63 6
731239 120 59 60) 48| 40 34 30 27| 24{ 22 20 18 17| 16| 15 14 13 13| 12| 11 11 10 10|96|92 89 86 83| 877 75 73 7|68|66 65 64 &1
741243 121 100 61)| 49| 41 35 30 27| 24| 22 20 19 17| 16] 15 14 14 13| 12] 12 11 11 10[97|94 S 87 84]|81|73 76 74 7.1|689]|67 65 64 62
751246 123 102 62) 49| 41 35 31 27| 25022 21 19 18} 16] 15 14 14 13| 12| 12 11 11 10|99]/95 9.1 88 85|82| 8 77 75 72| 7|68 66 65 63
761243 125 103 62| 50| 42 36 31 28| 25| 23 21 19 18| 17] 16 15 14 13| 12| 12 11 11 10| 10|96 92 89 86|83|81 78 76 73|7.1]68 67 66 64
771252 126 104 63| 51| 42 36 32 28| 25(23 21 19 18] 17| 16 15 14 13| 13| 12 11 11 11| 10|97 94 9 87|84|82 73 7.7 74|72| 7 68 67 65
781256 128 106 64| 51| 43 37 32 28| 26023 21 20 18] 17| 16 15 14 13] 13| 12 12 11 11| 10|99 95 92 88|85/83 8 78 75(/73|71 69 68 66
791250 130 107 65| 52| 43 37 32 29| 26| 24 22 20 18| 17| 16 15 14 14} 13| 12 12 11 11| 10| 10 96 93 89]87|84 81 79 76|74|72 7 69 66
500262 131 109 66] 53| 44 38 33 20| 26/ 24 22 20 19} 17| 16 15 15 14] 13| 13 42 11 11} 11] 10 97 94 91|88|85 82 8 77]75|73 71 7 67
81]266 133 110 66] 53] & 33 20| 27] 23 22 20 19| 18] 17 16 15 14| 13| 13 12 12 11| 11| 10 98 95 92|69 86 83 &1 78|/ 6174 72 7 ©8]6.
321269 135 111 67| 54| 45 38 34 20| 27| 24 22 21 19| 18] 17 16 15 14| 13] 13 12 12 11| 11| 10 10 96 93| 9|87 84 82 79|77|75 73 7.1 69|67] 32
331272 136 113 63| 54| 45 35 34 30| 27|25 23 2t 18] 18| 17 16 15 14| 14| 13 42 12 11) 11| 0 10 98 safa1|ss s5 83 8|78{76 73 72 7|68[ 83
341275 138 114 69| 55| 46 39 34 31| 28/ 25 23 21 20| 18| 17 16 15 14| 14| 13 13 12 12| 11| 11 10 99 95|92|89 86 84 8.1]|79|76 74 73 71|68 84
279 139 115 70| 56| 47 40 35 31| 28/ 25 23 21 20| 19] 17 16 16 15} 14| 13 13 12 12| 11| 11 10 10 96|93} 9 87 85 82/79)77 75 74 71| 7| 85
282 141 117 71| 56| 47 40 35 31| 28] 26 24 22 201 18] 18 17 16 15] 14| 13 13 12 12| 11| 11 10 10 9.7]9.4| 9.1 88 86 83| 8|78 76 75 12]71 86
285 143 118 71| 57| 48 41 36 32| 29| 26 24 22 20} 19| 18 17 16 15| 14| 14 13 12 12] 11| 11 11 10 9.8|95|92 89 87 84|81)79 77 76 73|71 a7
381289 144 119 72| 58| 48 41 36 32| 20| 26 24 22 21| 19| 18 17 16 15| 14| 14 13 13 12| 12| 11 11 10 10{96/93 o9 88 85|82 8 78 77 74|72] 88
891252 146 121 73| 58| 49 42 36 32| 29| 27 24 22 21| 19| 18 17 16 15| 15| 14 13 13 12| 12| 11 11 10 10/97[94 91 89 86|83|81 79 7.7 75{(7.3] 83
301295 148 122 74| 59| 49 42 37 33| 30| 27 25 23 21} 20] 18 17 16 16] 15] 14 13 13 12‘ 12] 11 11 11 10J99]95 92 9 B87|84|82 8 78 76174 30
31[505 745 124 TE[ 60 50 & 37 | 301 &7 25 23 21| 20[ 19 18 17 16| 15| 18 14 13 12| 12| 12 11 13 10| 10|95 9.3 9.1 B8[85|83 81 79 75|78 91
32]302 151 125 75| 60| 50 43 38 34| 30|27 25 23 22| 20| 19 18 17 16| 15| 14 14 13 13] 121 12 11 11 10 10198 94 92 89|86|84 8.1 8 717
931305 153 126 76| 61] 51 44 38 34| 31|28 25 23 22| 20| 19 18 17 18] 15| 15 14 13 13} 12] 12 11 11 11} 10 9% 95 93 §|87|85 82 81 78
341308 154 128 77| 62] 52 44 39 34| 31|28 26 24 22| 21| 19 18 17 18| 15| 15 14 13 43| 12| 12 11 11 11| 10| 10 96 94 91)88/86 83 82 79
951312 156 129 78|62 52 45 39 35| 31/ 28 26 24 22] 21) 19 18 17 16) 16] 15 14 14 13 12| 12 12 11 11} 10] 10 97 95 9.2185]86 84 83 B
381315 157 130 79| 63| 53 45 39 a5] 31| 29 26 24 23| 211 20 19 18 17] 16] 15 14 14 13 i3] 12 12 11 11| 11| 10 98 96 9.3 Gl8.7 85 B84 61
971318 159 132 80| 54| 53 46 40 35| 32|29 27 24 23| 21| 20 19 18 17| 16| 15 14 14 13} 13| 12 12 11 11| 11| 10 99 9.7 94|9.1]88 86 84 84
381321 161 133 80| 64| 54 46 40 36| 32|29 27 25 23| 21| 20 19 18 17] 16| 15 15 14 13| 13| 12 12 12 11| 11] 10 10 98 95|/92|89 87 85 82
391325 162 135 81]| 65| 54 46 41 26| 32|30 27 25 23| 22| 20 19 18 17| 16| 15 15 14 14| 13| 13 12 12 11| 11| 10 10 99 96/93] 9 88 86 83
001328 164 136 B2| 66| 55 47 41 36] 33/ 30 27 25 23} 22121 19 18 17] 16| 16 15 14 14] 13| 13 12 12 i1 11] 11 10 99 97|94|91 89 87 84

Table 3a. VIL density table for VIL values between 1 kg m? and 100 kg m*, and echo
tops from 1000 feet to 40000 feet.



VIL DENSITY

\
L ECHOTOP kv VL
=2 . ! | o
417 32| 43 441 45] 461 47| 48] 49] 50] 51] 52] 53 54] 55] 568/ 57| 58] 59] 50| 61 52| 83] 54| 851 66] 87/ 88] 70| 71| 72| 73| 74] 75] 78] 77] 78] 79] 80
1101 01 01 0101|0171 0.1 01 0.1]0.1]01 0.1 0.1 01J0.1|01 0.1 0.1 01]01]071 01 0.1 0.1{0.1]0.0 00 00|C0|00 00 00 00]|00|00 00 00 0.0] 00 1
2| 02 02 02 01|04f01 01 o1 01]01|01 01 01 01]o1|{a1 01 61 o01]01f01 01 01 0101]01 01 01]01jo1 01 01 0.1]01J041 01 01 0.1] 0.1 7
3] 02 02 02 02|02|02 02 02 02|02[02 02 02 02{02{02 02 02 02{02[02 02 02 02|[02]0.1 01 01f01]0o1 01 01 0.1]0.1|/0.1 0.1 01 0.1) 01 3
4] 03 03 03 03|03/03 03 03 03|03[03 03 02 02|02|02 02 02 02{02[02 02 02 02/02{02 02 02{02[02 02 02 0202|0202 02 02|02 3
04 04 04 04]/04]04 03 03 03]03J03 03 03 03]03)03 03 03 03]03/03 03 03 03|03J02 02 02|02]02 02 02 02]02]02 02 02 02|02 3
05 05 05 04|04|04 04 04 04| 04|04 04 04 04|04|04 03 03 03] 03|03 03 03 0303|033 03 03]03]03 03 03 03|03|03 03 03 02|02 3
7] 06 05 05 05/05/05 05 05 05| 05|05 04 04 04[/04]04 04 04 04| 04|04 04 04 04[04/03 03 03]03]03 03 03 03/03/03 03 03 03|03 7
3] 06 05 05 06|06/06 06 05 05| 05|05 05 05 05/05]05 05 05 04| 04|04 04 04 04[04|04 04 04|04}j04 04 04 04/04/03 03 03 03|03
3] 0.7 07 07 07|07|06 06 05 06| 06/06 06 06 05/05|05 05 05 05| 05|05 05 05 05/05/04 04 04]04{04 04 04 04|04/04 04 04 04|04 ]
10/ 0.8 08 08 07]/07|07 07 07 0.7} 0706 06 06 06/06/06 06 06 06| 06]05 05 05 05/05/05 05 05/05{05 05 04 04]04|04 04 04 04) 04 10
11] 05 09 08 08|08|08 08 08 07| 07|07 07 07 07|0.7]06 06 06 06| 06|06 05 06 05|06|05 05 05|05]05 05 05 03]|05|05 05 05 05|05 11
12| 1 09 09 09|09/os 08 08 03]0s|los 08 07 07|07|07 07 07 07| 07|06 06 06 06{06|06 06 06/06j06 05 05 05/05/05 05 05 05f 05 12
13l 1+ 1 1 1|ceflos 09 09 08)09/08 08 08 08|08|08 07 07 ©7) 07|07 07 07 0.7|07|06 05 06/05/06 06 06 06)06|06 06 05 05|05 13
al 11 11 11 1] 1] 1+ 1 1 098] 09|09 09 09 09|0a|08 08 08 08| 08|08 07 07 07[07|07 07 07|07|06 06 06 06|06|06 06 06 06|06 14
5012 12 11 14f+1]14 1 1 1] 1] 1 09 09 09|09}09 09 08 08|08/o8 08 08 08/oalo7 07 07|o7|o7 07 07 07]07|06 06 06 06|06 15
B[13 12 12 12|12|1.1 1.1 11 1.1] 1] 1 1 1 1/05|J03 03 05 05| 03|03 08 08 08|08|08 08 08{08[07 0.7 0.7 0.7|0.7|07 0.7 0.7 0.7] 0.7 16
1714 13 13 13{12]12 12 12 11] 1111 1111 1] 1] 1 1 1 08/ 09|09 09 09 09f09|/08 08 08|osjos 08 08 08/07|07 07 07 07|07 7
18] 1.4 14 14 13/13]13 13 12 12} 12{12 11 11 14f11]11+ 1 1 1] 1] 1 1 09 09flosos 09 c9fosjos 08 08 08/08|08 08 08 07|07 78
191 15 15 15 1.4]14]14 13 13 13)12{12 12 12 12{11]11 1.1 11 11 1] 1+ 1 1 1| 1|09 o9 o9josjo9s 09 09 028|0.8|08 08 08 08|08 13
20| 16 16 15 15/15/14 14 14 13} 13013 13 1.2 12]12}12 12 14 1.4} 14)1.1 11 1 1) 1] + 1 1]ogjog 09 09 09}09/09 09 08 03] 03 20
21| 17 16 16 16|15]15 15 14 14| 1414 13 13 13|12|12 1.2 12 12[ 12|11 11 11 11|14] 1 1 1] 1} 1 1 08 08]05[09 09 09 09|03 21
22| 18 1.7 1.7 16{16[15 15 15 15) 14|14 14 14 13]13[13 13 12 12| 12[12 12 1.1 11|14f11 w1 14] 1] 1 1 1t 1] 1]os 08 09 09|08 32
23|18 13 18 1.7|1.7/16 16 16 15/ 15/15 15 14 14]14[13 13 13 13| 13[12 12 1212|1211 1t 11410 1 1+ 1) 11 1+ 1+ 1 1]osg 23
24|19 19 18 18[18]17 17 16 16| 16|15 15 15 15|14 14 14 14 13] 13[13 13 13 12]12[12 12 12]14[11 1.1 10 14014 £ 1 1 1] 1 24
25| 2 2 19 19118118 17 17 17) 16{16 16 15 15/15)15 1.4 14 14]14)14 13 13 13]13}12 12 12012012 11 11 14} 11)11 11 11 1] 1 25
26] 2.1 2 2 1911919 18 18 1.7] 1.7]1.7 16 16 16]15]15 15 15 14] 1.4]14 14 1.4 13]13]13 13 13]1.2]1.2 12 12 12711711 1.1 1.1 1.1 1.1 26
27122 21 21 2| 2]19 19 18 18| 18|17 17 1.7 16/16|16 16 15 15| 15|15 14 14 14[14[13 13 13]13}12 12 12 12]12]12 12 11 1.1] 1.1 27
[ 28|22 22 21 21 2| 2 19 19 19| 18|18 18 17 1717|116 16 16 16 1515 15 15 14 14|14 14 14]13]13 13 13 12|[12[12 12 12 12] 11 8
29| 23 23 22 22|21|21 2z 2 19| 19|19 18 18 18|17|17 17 16 16| 16/16 15 15 15/15/14 14 14]14]13 13 13 13{13]13 12 12 12|12 25
0] 24 23 2322|2221 21 21 2| 2|19 19 19 18|18)18 17 1.7 17/ 17|16 16 16 15/15/15 15 14/1.4]14 14 13 13]13/13 13 13 12|12 0
125 24 24 23|23|22 22 21 21| 2| 2 2 19 1918|118 18 18 17| 1.7| 1.7 16 16 16/16|15 15 1.5[15/1.4 14 14 14]14[13 13 13 13| 1.3 31
32| 26 25 24 24|23|23 22 22 2] 21|21 2 2 19|19|19 18 18 18| 18{ 1.7 1.7 17 16/16/16 16 15]15[1.5 15 14 1.4]14/14 1.4 13 13|13 32
33| 26 26 25 25|24|24 23 23 22| 22|24 21 2 2| 2|19 19 19 18| 18|18 17 17 1.7|1.7| 16 16 16]15]15 15 15 15 14|14 1.4 14 14| 14 33
34] 27 27 26 25|25|24 24 23 23] 22|22 21 21 21| 2| 2 2 19 18/ 1918 18 18 1.7|1.7| 1.7 17 16]16|16 15 15 15]15/15 1.4 1.4 14| 1.4 34
35128 27 27 26|26l25 24 24 23] 23|23 22 22 21|21]21 2 2 16|/ 19/19 19 18 18/18/17 17 17]16}16 16 16 161515 15 15 15|14 £
[ 36] 29 28 28 2.7|26|26 25 25 24| 24|23 23 22 22|21|21 21 2 2| 2| 2 15 13 18|13 1.8 18 1.7[1.7|17 16 16 156|16]16 15 15 15| 1.5 36
37] 3 29 28 28[27|26 26 25 25| 24|24 23 23 22]|22{22 21 21 24| 2| 2 2 19 15/19/18 18 1.8[1.7|17 1.7 17 16|16/16 16 16 15|15 37
38| 3 3 29 28|28|27 26 26 25| 25|24 24 24 23|22|22 22 22 212121 2 2 19/19/19 19 18]18|18 1.7 1.7 1.7]1.7|1.6 1.6 16 1.6] 16 38
5]31 3 3 29|28|28 27 27 25| 26|25 25 24 24[23}23 22 22 22| 21|21 21 2 2| 2[19 19 19{18]18 18 18 17[1.7/17 17 16 16| 1.6 39
40132 31 31 3|29|29 28 27 27| 26|25 25 25 24]|24|23 23 23 22[22/22 21 21 21| 2| 2 2 19]19}18 18 18 18]18]17 17 17 17| 16 a0
31] 33 32 31 31| 3|29 28 28 27| 27|26 26 25 25|24 24 24 23 23| 23|22 22 21 21|21] 2 2 219|139 19 18 1.8|18[18 17 17 17| 1.7 31
32| 34 33 32 31|31| 3 29 29 28| 28|27 27 26 26]25/25 24 24 23| 23|23 22 22 22|21|21 21 2| 2|19 19 19 19]18{18 18 18 17|17 (¥
43| 34 34 33 32|31|31 3 29 29| 28|28 27 27 26|25|25 25 24 24| 24|23 23 22 22{22|21 21 21| 2] 2 2 19 19/19|19 18 18 18] 18 a3
3435 34 34 33|32|31 3.1 3 29| 29|28 28 27 27|26|26 25 25 24| 24|24 23 23 23|22{22 22 21|21] 2 2 2 2{19]19 19 13 18|18 £
35136 35 34 34[33}32 31 31 3| 2929 28 28 27|27|26 256 25 25| 25|24 24 23 23[23|22 22 22]21]21 21 2 2| 2/19 19 19 19|18 45
36| 37 36 35 34]|a4| 23 32 32 31| 3| 3 20 28 28|27|27 26 26 26| 25|25 24 24 24]|23[23 23 22]|2z2|=21 21 21 2| 2| 2 2Z 13 T B
47|38 37 36 35/34|34 33 32 31| 31| 3 3 29 29|28|28 27 27 26| 26|25 25 24 24|24/23 23 23|22]|22 21 21 21|21] 2 2 2 2|19 a7
48| 38 3.7 37 35|35/34 33 33 32| 31|31 3 3 29|28|28 28 27 27| 26|26 25 25 25|24|24 24 23]|23|22 22 22 21|21|21 2 2 2| 2 i3
35] 39 33 37 37|36|35 34 34 33| 32|32 31 3 3|29|29 28 28 27| 27|27 28 26 25|25|24 24 24|23|23 22 22 22|21|21 21 21 2| 2[ 49
501 4 239 38 37|37|36 35 34 34/33|32 32 31 3] 3|29 29 28 28| 28/27 26 26 26|25/25 24 24|23)23 23 22 22|22|22 21 21 _2.1] 21 ]
51] 4.1 4 30 33|3.7|36 35 25 34| 33|33 32 32 31| 3| 3 29 29 28| 28| 28 27 27 26|26|25 25 25|24|24 23 23 23| 22|22 22 21 21| 21
52|42 41 4 39|38|37 35 36 35|34|33 33 32 32|31 3 3 29 25| 29|28 28 27 27|26|/26 25 25|24]24 24 23 23|23}22 22 22 22|21
53] 42 41 41 39|39|33 37 36 35| 35|34 33 33 32|3.1|31 31 3 29| 29|29 28 28 27|27|26 26 26|25{24 24 24 24]|23|23 23 22 22|22 5
54] 43 42 41 4/39|39 33 37 36[ 35|35 34 33 33]|32|32 3.1 31 3| 3|29 29 23 28|27|27 26 26/25|25 25 24 24|24[23 23 23 22{22 E
55|44 43 42 41| 4)39 33 38 37/36|35 35 34 33|33|32 32 31 31| 3| 3 29 29 23|28]27 27 27|26{25 25 25 24|24|24 23 23 23] 23|
56| 45 44 43 42|4.1] 4 39 38 38| 3.7|36 35 35 34|33|33 32 32 31| 31] 3 3 29 29]|28|28 27 2.7]|26|26 26 25 25| 25|24 24 24 23| 23] 56]
57] 46 44 44 42|42|41 4 295 38|37|37 235 35 35/34[33 33 32 32|31|31 3 3 29/29|/28 28 28{27|26 26 26 25/25/25 24 24 24|23
58] 4.6 45 44 43/42|41 4 4 39|38|37 37 36 35|34|34 33 33 32|32|31 31 3 3|29|29 28 28|27|27 26 26 26/25/25 25 24 24|24
| 59| 47-46 45 44|43|42 41 4 4]|39|38 37 37 36|35/35 34 33 33| 33|32 31 31 3| 3|29 29 28]|28]27 27 27 26|26/25 25 25 25| 24
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Table 3b. VIL density table for VIL values between 1 kg m? and 100 kg m™, and echo
tops from 41000 feet to 80000 feet.



VIL DENSITY

Vv ECHO TOP IN FEET
|
L 5000 7000 9000 11000 13000 15000 17000 19000 | 21000 | 23000 | 25000 | 27000 | 29000 | 31000 | 33000 | 35000 | 37000 | 39000 | 41000 | 43000 | 45000
2 | 131 | 094 | 073 | 060 | 050 | 044 | 039 | 035 | 031 | 0290 | 026 | 024 | 023 | 021 | 020 | 019 | 018 | 017 | o6 | 015 | ous
4 | 262 | 187 | 146 | 109 | 101 | 087 | 077 | 069 | 062 | 057 | 052 | 049 | 045 | 042 | 040 | 037 | 035 | 034 | 032 | 031 | 029
6 | 394 | 2810 | 219 | 179 | 1st | 131 | 116 | 104 | 094 | 086 | 079 | 073 | 068 | 063 | 060 | 056 | 053 | 0s0 | 048 | 046 | 044
202 | 175 | 154 | 138 | 125 | 114 | 105 | 097 | 09 | oss | o080 | 075 | o711 | 067 | 064 | 061 | o058
252 | 219 | 193 | 173 | 156 | 143 | 131 | 120 | 13 | 106 | 099 | 094 | 089 | 084 | 080 | 076 | 073
303 | 262 | 232 | 207 | 187 | o | 157 | 1ae | 136 | 127 | 1a9 | 112 | 10s | o1 | 096 | 092 | 087
353 | 306 | 270 | 242 | 219 | 200 | 184 | 170 | 158 | 148 [ 139 | 130 | 124 | was | 12 | 107 | 102
; 350 | 300 | 276 | 250 | 228 | 200 | 194 | 181 | 169 | 159 | 150 [ 142 | 135 | 128 | 122 | 17
394 | 347 | 30 | 281 | 257 | 236 | 209 | 204 | 190 | 179 | 169 | 160 | 151 | 144 | 137 | 131
386 | 345 | 302 | 285 [ 262 [ 243 | 226 | 202 | 199 | 187 | 177 | 168 | 160 | 153 [ 146
380 | 344 | 304 | 280 | 267 | 249 | 233 | 219 | 206 | 195 | 185 | 176 | 168 | 160
4l 375 | 342 | 3as | 202 | 27 | 254 | 239 | 225 | 213 | 202 | 192 | 183 | 135
| 371 | 341 | 306 | 294 | 275 | 258 | 244 | 230 | 219 | 208 | 198 | 190
399 | 367 | 340 | 317 | 296 | 278 | 262 | 248 | 235 | 224 | 214 | 204
: 394 | 364 | 339 | 317 | 298 | 281 | 266 | 252 | 240 | 229 | 219
; 1 380 | 362 | 339 | 3a8 | 300 | 284 | 269 | 256 | 244 | 233
8 | 338 | 309 | 301 | 286 | 272 | 250 | 248
i 358 | 337 | 309 | 303 | 288 | 275 | 262
378 | 356 | 337 | 320 | 304 | 290 | 277
998 | 375 | 355 | 336 | 320 | 305 | 292
: 9 i 372 | 353 | 336 | 320 | 3.06
1 : % @ 390 | 370 | 352 | 336 | 321
@ ] 3 387 | 368 | 351 | 335
48 |31 @ﬁ? 9 : ‘_: 583 366 | 3.50
so 32800 | 230430 513“;2} %'149?@ . 3 | 607 | 75| 4o 381 | 364
Table 4. VIL density table for VIL values between 2 kg m™ and 50 kg m™ and echo tops from 5000 feet to 45000 feet.




Ranges in VIL density
Hail size <3.0 3.0-3.4 3.5-3.9 4.0-44 4.5-49 >49

<19 mm (36) ¥ 7 0 2 0 0
19-24 mm (117) 6 10 32 44 18 7
25-45 mm (63) 0 1 5 18 16 23

>45 mm (5) 0 0 0 0 l 4

(Total number) (33)  (18) (37) (64) (35) (34)

Table 1. Hail sizes for given ranges of VIL density. Note that as the hail
sizes increase, the minimum ranges for VIL density also increase. Values in
parentheses represent the number of events in that category-range. (after
Amburn and Wolf, 1997.)

NN

Fig. 1. Mean position of jet stream (arrow) and cold front at the time of
tornado occurrences. The hatched area indicates the typical location of the
low centers at the surface, 850, 700, and 500 mb. (after Hales, 1985.)



VIL DENSITY VERSES HAIL SIZE
VIL DENSITY HAIL SIZE (DIAMETER)
Less than 3.0 g m” Mainly less than 3/4"
30gm?-34gm’ Mainly less than 3/4" to 1"
3.5gm?-39gm? Mainly 3/4" to 1"
40gm’-44gm’ Mainly 3/4" to 1 3/4"
45¢gm?-49¢gm’ Mainly 3/4" to 1 3/4"
Greater than 4.9 g m™ Mainly 1" to 1 3/4"

Table 2. Values of VIL density verses hail size. The “reasonable threshold for severe hail”
(3/4" or larger) is 3.5 g m>. The “near 100% probability threshold for severe hail”
(3/4" or larger) is 4.5 gm™.
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Table 3a.

VIL density table for VIL values between 1 kg m? and 100 kg m™

tops from 1000 feet to 40000 feet.
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[~ B1]41 4 30 38|37]|36 35 35 34| 33|33 32 32 31| 3 22 21 21| 24
42 41 4 39|38|37 36 36 35/34|33 33 32 32|34 22 22
53] 42 41 41 39|39]38 37 36 36| 35134 33 33 32]31
54|43 42 41 4]39]39 38 37 36| 35|35 34 33 33|32
[ 55|44 43 42 41| 4|39 38 38 37| 36|35 35 34 33|33
4 43 42|4. T30 38 38]37|36 35 35 34|33
44 44 42142141 4 39 38|37|37 36 35 35|34
44 43]42]41 4 4 39]|38|37 37 36 35|34
58 44143142 41 4 4| 39|38 37 37 36|35
4143 42 41 4] 39|39 38 37 36|36
4 42 | 4|39 38 38 37|36
2| 5 44 43 42 42{41] 4 39 38 38|37
44 41}41 4 39 38|37
54 4.4 42|41 4 4 39|38
43}42 41 4 4|38
561 5. 43[42 42 41 4|39
4 44143 42 44 41| 4
68| 54 44 a4 y
a%l 1
15
2| 51
73 .
: 44144 43 42 42} 41]41 4 39 38|38|37 37 36|35|35 34 34 33|33
7 5 44 43 42| 42|41 4 4 39|38|38 37 37|36|35 35 34 3.4]|33]3. 2 32| 3.
= 44 44 43] 42|42 41 4 39|39|38 38 37|36|36 35 35 34{34]|33 33 32 32|32 77
B8] 51 5 44 43)43]42 41 41 4|39|39 38 38|37|36 36 35 35|34{34 33 33 32| 32[ 78
798 52|51 5 44} 44143 42 41 41| 4|39 39 38|37|37 36 36 35|35|34 34 33 33|32 719
80| [ 44} 44]143 42 42 41 4] 4 39 39|38]37 36 36 35/35/35 34 34 33|33 80
81] 65 ¥ . . 44 43 47 42141 4 4 39|38|37 37 36 36|43 '5'3'5'5‘3‘1“3‘1" 5 34 34|33]__8
2| 66 64 63 61| 6|59 5 5 44 43 43 42]41}141 4 4)38]38 37 37 36|36|35 35 35 34|34 82
83| 66 65 63 62|61]59 5. 5 44 43 43}42]41 41 4|39|38 38 37 37|36|36 35 35 34|34 33
67 66 64 63|61] 6 5. 51| 5)4 44 44 43142]42 41 41|39|39 38 38 37|3.7|36 36 35 35|34 24
85|68 66 6563|6261 5. 52| 5| 5 44 44(43]42 42 41] 4]39 39 38 38|37|37 36 36 35|35
— 85 _'Bmf 7 66 61 6 A} 5 5 44143]43 42 42| 4] 4 39 33 38|38|3.7 37 36 36| 35 36
87| 7 68 67 65|64|62 536151 5 44143 43 42]41] 4 4 39 39)|38|38 37 37 36|36
88| 7 69 67 66/64]|63 53|52|52 514 5 4444 43 42|41|41 4 4 39|39|38 38 37 37|36 88
[~ 89| 7.1 69 68 66|65/64 654|53]52 51 & 5 44 44 43]42]41 41 4 39|39|38 38 37 37|37 __89]
90|72 7 69 67|66]64 55|53153 52 61 5] 6 44 43142142 41 4 4]39]39 38 38 37|37 50
1|73 71 7 68/66]6 4|63 52 51 5.1 44|43]42 41 a1 4 d‘la.s 39 38 38| 37 51
74 72 7 69/67|8686 56|54}54 53 52 51} 5.1 44143143 42 41 41] 4] 4 39 39 38|38 52

44|43 42 a2 a1)a1] 4 4 29 39|28 83
44)a3 43 42 42|41|a1 & & 39|39

5.7]155]54 54 53 52| 51

5

74 73 71 69|68|66 54 5
57]56}55 54 53 52| 52|51
52

4] 75 73 72 7|69]67

5

95| 76 74 7.3 7.1]69]68 58)56]56 55 54 53|52 5 44 43 43 421a2/41 4 4 39|39 5
96|77 76 73 1. 8 56 60 54 63| 1 5 44 4 44 43 43|42|41 41 4 4] 39 56|
97|78 76 74 72|7.1]|68 6 59|57|57 56 55 54/ 53|53 5151 5 44 44 43142142 41 41 4] & o7
98|78 76 75 73|72| 7 6]|58|57 66 55 55| 54|53 52 51 5|4 44 43143]42 42 a1 41| & o8
99| 79 7.7 76 74|72]71 6]59]|58 657 56 55| 55|54 52 52 51| 5)48 44143)43 42 42 a1 419
[—_100] 8 78 7.6 75|73| 71 6.1]59]59 58 57 56| 55|54 53 52 51| 5] 5 4414.4]43 43 42 42| 44 100

Table 3b.  VIL density table for VIL values between 1 kg m? and 100 kg m?, and echo
tops from 41000 feet to 80000 feet.



VIL DENSITY

ECHO TOP IN FEET

- L

7000

9000

11000

13000

15000

17000

19000

21000

23000

25000

27000

29000

31000

33000

35000

37000

39000

41000

43000

45000

0.94

0.73

0.60

0.50

0.44

0.39

0.35

0.31

0.29

0.26

0.24

0.23

0.21

0.20

0.19

0.18

0.17

0.16

0.15

0.15

1.87

1.46

1.19

1.01

0.87

0.77

0.69

0.62

0.57

0.52

0.49°

0.45

0.42

0.40

0.37

0.35

0.34

0.32

0.31

0.29

Table 4.

2.81

2.19

1.79

1.51

1.31

1.16

1.04

0.94

0.86

0.79

0.73

0.68

0.63

0.60

0.56

0.53

0.50

0.48

0.46

0.44

292

2.39

2,02

1.75

1.54

1.38

1.25

1.14

1.05

0.97

0.90

0.85

0.80

0.75

0.71

0.67

0.64

0.61

0.58

2.98

2.52

2.19

1.93

1.73

1.56

1.43

1.31

1.21

1.13

1.06

0.99

0.94

0.89

0.84

0.80

0.76

0.73

3.03

232

2.07

1.87

1.71

1.57

1.46

1.36

1.27

1519

112

1.06

1.01

0.96

0.92

0.87

2.70

242

219

2.00

1.84

1.70

1.58

1.48

139

1.31

1.24

1.18

112

1.07

1.02

1.94

L7

1.31

VIL density table for VIL values between 2 kg m? and 50 kg m?, and echo tops from 5000 feet to 45000 feet.




