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SELS FORECASTING PROCEDURES
SELS CENTER STAFF

VWeather Bureau Airport Station, Kansas City, Mo.

FORYIORD

This paper outlines the general methods used by the Severe Local Storm
Warning Center (SELS) in forecasting severe local storms as of Feb. 1,
1955. The objective of this paper is to acquaint other forecastoers with
the charts, tools, methods, parameters, definitions, and techniquas that
are currently utilized in SELS operations. It would be impossiule to
describe the SELS techniques in sufficient detail, including the weighting
of parameters from one situation to another, to permit the formutation of
a severe local storm forecast from a step-by-step listing. Wnere zemed
appropriate, some discussion of the current SFLS thinking regarding Juture
research is included. Since the forecasting of severe local storms is
intimately associated with the forecasting of many other metcorological
phenomenon, an attempt is made herc to effect z separstion between fore-
casting in general and the specialized forecasting in CEIS. Thus, while
other meteorological parameters and conccpts are involvea in SELS fore-
casting, and may be mentioned from time to time, that tlhiey have not been
included here does not in any way discount their importance in SELS work.

The current level of knowledge regarding the cause of severe local storms

is somewhat less than in the casec of some other types of weather forecasts -
temperature forccasts, for example. Considerable research, mostly of an
empirical nature, has been asccomplished during recent years. Also, the

SELS Center has tested many methods, aids, and ideas which heve been pro-
posed and has developed some improved, practical procedures in foreccasting
severe local storms. The SELS philosorhy, then, is to utilize all pre=-
ceding methods until these can be superceded by improved techniques. It

may be noted that virtually 211 of the SELS methods and procedures described
here have been either developed or rcvised during thc past yesr. Dasta
limitations have necessarily restricted the statistical testing, particularly
on the revised procedures for hail and turbulence forccasting. These
procedures are being preparcd in loose-leaf form so that additions and
corrections can be substituted as additional study and expericnce demand.
All forecasters, particularly District Forecasters, are sclicited and

urged to submit comments and suggestions.

At this time, SELS forecnsts are concerned with short-range predictions,
usually 12 hours or less, of the occurrcnce of tornndoes and severe thunder-
storms over the United States, exccpting such storms that occur in con-
nection with hurricanes. Severe thunderstorm forecasts sre issued when
thunderstorms are cxpected to rcsult in one or more of the following:

a) Surface gusts of 75 mph (65 knots) or more,

b) Sustained surface winds of 50 mph (44 knots) or more,
¢) Hail having a diameter of 3/4 inch or larger,

d) Severe turbulence.

A tornado forecast implics that the area alerted will also have severe
thunderstorms.
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The size of the severe loczl storms forec=st area is dependent upon the
type of weather expected and the season. Severe thunderstorm areas arc
usually considerably larger than in the case of tornado foreccast aress.
During winter and spring when family-type tornadoes are most frequent,
forecast areas are larger than during summer and early fall when isolated
tornado occurrences are more cormon. Experience has shown that a toraado
forecast area during late winter, spring nnd early summer of 20,000 squ-re
miles is an avernge maximum size. This size has been substantinted to =
certain extent by the findings presented in the Weather Bureau's “Resen-zh
Paper No. 37" 1. which shows the average area cut out by a pressurc jump
path to be 151-175 miles long by 101-125 miles wide. This report strtes
further that "... the avernge nrea swept out by a pressure jump line has
the shape of a rectangle nlmost 50 percent longer than it is wide,® Come-
posite charts of the Showalter stability index and deep meist 1y rs from
11 situations in which tornado proximity soundings were found 2 'n'so
point to an average ares of some 20,000 square miles. It is stregczed

that all these data are based upon average conditions and there will be
variations from these mean values in individual situations.

The objective of SFLS forecasters in issuing severe loerl storm forecnsts
is to prediet the area which is expected to contain the n-ximum amount of
severe wenther. Various data restrictions, aleng with the limitations in
our current knowledge of thc causc of severe local storus, preclude the
prediction on a unique area. Thus, each forecast area is surrounded by
an area having an expected lower probnbility of the occurrence of severe
local storms with the probability decrensing with distance from the
predicted area. The same is also true with regard to the valid time of
the forecast.

In general, the valid time of severe local storm forccasts is limited

to a 6-hour period. This time limitation sometimes necessitotes the
issuance of several forecasts for contiguous or overlapping areas during
a particular situation. But for the present, it is felt that for scveral
reasons this is preferable to alerting a much larger arca for the
necessarily longer time.

TORNADO FORECASTING

INTRODUCT ION

The importnance of the geographic, sensonsl and diurnzl distribution of
tornado occurrences must not be overlooked in tornado forecasting. 1In

the Weather Buresnu "Technicnl Paper No. 20" {3} , Chart 13 shows the
occurrences and tracks of all reported tornadoes from 1916 through 1950.
From this chart, it may be noted that the area of maximum annual frequency
is in the Kansas-Iowa area. While tornadocs have been reported in every
state, occurrences are rare wecst of the Continentsnl Divide and practically
unknown in the western mountain areas. Charts 1 through 12 of this s=me
technical paper illustrate the distribution by months during this 36-year
period. Of particular interest here is the seasonal progression of the
area of maximum frequency fronm the South and Southenst in winter to the

Southern Plains in spring and on to the Central and Northern Plains in
summer.
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Climatological data on the diurnal distribution by months or seasons -re
not readily available. Figure 11 of this same technical paper 3] il-
lustrates the diurnal distribution, based upon all occurrences, in the
Florida-Genrgia-Alabama-Mississippi-Louisiana area. In this area the
maximum frequency of occurrence, as may be observed in charts 1-12, is
in late winter and early spring. From Fig. 11 it may be noted that the
afternoon diurnal maximum from 1300-1900 LST is about double thst of the
early morning minimum from 0300 to 0970 LST.

On the other hand, in Kensos where the monthly freguency is grestest
during late spring and early summer, the afterncon diurnal maximum from
1500-2100 CST is about 20 times gre~ter than during the minimum period
from 0400 to 1000 CST. Thus it is evident that the diurnsl distribution
of occcurrences is much more important over the Central Plains than over
the Southeast.

The climatological expectancy of a tornado occurring within a specific
20,000 square mile area, within a given month, and during a particular
6-hour period never even espproaches the 50% probability level. For
example, consider the climatological probability for iansne (82,000 sg.mi,)
during the month of maximum frequency, May (5 tornedocs pey month), during
the period of maximum diurnel frequency, 1500-2100 CST (64% of 211 tor-
nadoes occur in Kansas during this period). The climatelozicel expectancy
is as follows:

20,000/82,000 x 5/30 x .64 = 64/2460 = ,026 or,

less than 2 3% probability of verification if the day and area were
selected 2t random within the limits specified above. During the last
two yenrs, 1953 and 1954, approximately 4 times more tornado reports are
being logged each year as compared with the 36-year period from 1916
through 1950. If this indicated change is correct, then the highest
climatological expectancy of a tornado forecast aresn being verified
(Kansas) is 10%. The expectoncy in Alnbana in March is about 3 of 1%,
based upon data from 1916 through 1950. Considering the area east of
the Continentnl Divide, all months, and four é6-hour periods per cay, the
climatological expectancy of a tornado occurrence within » 20,000 sq. mi.
area during a 6-hour veriod is 1/434. Thus, the tornaio forecaster must
always Jeal with situations in which the climrtologieal chance of verie
fieation is much lower than is true of most types of weather forecasting.

During the first 10 months of 1954, verific-tion records showed that
20%, or 1 in 5, of all SELS tornado forceast areas contrined one or more
tornadoes during the valid timc. Incrensing the arens by 150 miles in
each direction and adding 2 hours to the valid time, 40% (incluﬂing the
20% listed above) of these extended forecnst aress contained 1 or more
tornndoes, While the expcctancy of verificatisn of 2 tornado forecast

1l in 5, seems unimpressively low, that has been attained against a climatoe
logical expectancy of 1 in 434. By comparison, 12-hour precipitation
forecasts in most sections of the United States east of the Continental
Divide mey be expected to verify about 1 time in 2 occurrences. The
climatological probability of verificstion of precipitation forecsnsts
during 12-hour periods varies from =bout 1 in 4 to 1 in 6.




Air Mass Types

Much research on tornado forecasting has dealt with a "typical" |41} or
"mean" |5 | sounding as representative of the air mass in which tornadozc
occurred. Such soundings are characterized by a dry layer overlaying -
moist layer near the surface as well as both conditional and convecti--
instability. More emphasis has been placed on tornado forecasting duri-
the past few years and has resulted in the procurement of many more -
air soundings during the tornado season than were available for stucy
herctofore. Many soundings obtained just prior to or associated with
tornado occurrcnces have been observed to differ markedly from the “by;
of "mezn" soundings. A preliminary study in SELS {6) of most of thu
tornado occurrences in the United States during 1952 =nd 1953, pius othe
interesting cases, pointed to 4 broad types of soundings as rerresentaztive
of the associated air mass in which tornadoes form.

Examples of these types of upper air soundings preceding tornadoes sre
given in figures 1 through 4. Precedent soundings are defined in SELS
as those characteristic of the air mass but removed in time and/or space
from the vicinity of tornado occurrence. It is emphesiz=d that this
identification of types is somevhat tentative. Also, whilc a Type IV
sounding has been identified, it is not certain at this time whether the
tornado actually occurs within this air mnass or whether it cccurs in
conjunction with this air mass and that shown as Type I.

The above study also showed, in the case of the Type I air mass, that
as the time and site of tornado occurrence was approached, the "“typices1"
inversion gradually disappeared and the moist layer became increasiregly
deep. Thus it is necessary, when attempting to define or study *tornado
soundings, to first set some limit in time and/or space since the en-
vironment in which the tornado forms is undergoing what appears to be a
ontimious change. On the basis of the foregoing, a tornade proximity
sounding was then defined =2s one in which all of the following criteria
arc met:

Tornado occurrence within 50 miles of a raob station.

Tornado occurrence within the hour following relcase of the

radiosonde instrument.

c) Tornado occurrence within the same air mass as that in which
the sounding was taken.

d) Sounding taken ahead of or nesr thc parent thunderstorm but

not behind it.

N

b

A proximity sounding thus represents the change, over a relatively s
area, in an environment previously characterized by the precedent sou
However, a proximity sounding is not necessarily charscteristic of ¢
air mass itself. A proximity sounding of the Type IV air mass is shown
in Fig. 5.

In the study of "Tornado Proximity Soundings" 27 , 11 examples were

found wherein the precedent air mass was classcd as Type I. An inspection
of these 11 soundings revealed that none of them contained a "™typical®
inversion but, rather, were characterized by the penetration of the moisture
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to great heights (averaging 16,000 feet above the surface). All of

these 11 soundings were both conrltionally and convectively unstable.
These soundings were analyzed to determine the various parameters commonly
used in severe local storm forccasting., One of the most interesting
features brought out in this anslysis was the change in depth of the moizt,
layer over the srca in which tornadoes developed.

Using data from these 11 cases, a composite chart was prepared by plotiin
moist layer depths relative to the point of the tornado ocecurrence. li=:ta
from 120 soundings were used in the preparation of this composite chari,
shown in Fig. 6. It appears that tornadoes actuszlly occur within arcas
of deep moist layers which are surrcunded by lesser depths.

At the same time that the moist layer deepens over the areas vherzs tor-
nadoes develop, the moist layer becomes more shallow unstresm in \
cases. Figure 7b is an cxample of a proximity sounding (a torna’:
20 miles south-southesst of Oklahoma City about 1 hour latey) i
is an example of a Type I precedent sounding (6 hours before), In this
case, the depth of the moist layer inecreased from 2,700 fect to above

13,000 (humidity data ebove this level are missing). 2t the next raock
statlon upstream, Ft. Worth shown in Fig. 8, thc depth of she moist laye
remained nearly the same during the 12-hour intervszl whiie the "tj“lcal"
inversion became more pronounced. lMeanwhile, the depth 4t Saen Antonio,

Fig. 9, decreased with marked drying aloft. Further upstresm, Brownsville
shown in Fig. 10, the depth decreased even more markedly, Yswering fron
4,700 feet to a depth of only 2,700 feet. Initially, the moist layer

was of a more or less uniform depth but with time increased markedly in

the vicinity of tornads formation while, simultaneously, it lowered marledly
upstream.

Fron the study and =znalysis of these data, the following conclusions Lave
been drawn:

33 Data av-~ileble at this time clearly show that at Thc time and site
of tornado occurrence, the "typical" inversion and presence of
relatively dry air aloft are not characteristic of the air mass types
investigated here.

2) Tornado foreeasting in connection with the Type I sounding must take
into account the manner in which the conversion from the precedent
sounding to the proximity sounding is effected.

3) Attempts to utilize forccast parsmeters based upon the presecnce of
the "typical" inversion and/or relatively dry air aloft at the time
and site of tornado occurrence may be misleading.

Cbiective Methodls

During the past few years, secvers=l objective methods of forecasting tornsdoes
for specified areas have been developed., These include: Armstrong's

method for Georgia 17, ; Kraft's method for the Gulf States 18] ; Mook's
method for Ohio ;§] 3 Schmiit's method for Western Kentucky and Western
Tennessee \IQJ : ?nd the Shumnn-Carstensen method for the Mississippi

Valley 11} . A1l of these objective methods provided a typing system

of the synoptic charts and in this respect a2 most useful service wes
rendered. Unfortunately, these studies did not, or perhaps could not,

take the thermodynamic featurcs of the various =2ir masses into accaurt
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except as grossly implied by the synoptic types.

Another limitation in the application of these methods, is that the size
of the areas as well as the time periods involved are entirely toc lerge
to be used consistently without adverse public reaction. Rigid utilizc.-
tion of these methods would result in very large areas being alerted *~
the danger of tornadoes for an unreascnably long time. Of coursc, thie
does not preclude their use as a guide in SELS forecasting and this
purpose was served very well during the past 2 years.

Tornado occurrence and upper air data available to these resesrchers was
limited so that the "normals" implied in these studics are not stiictly
applicable to the much improved reporting system (both with repzrd to
upper air soundings and tornado reports) in operation now. Tests con’ucted
by SELS during the past 2 yesrs have shown thet some of thesc chuiies
(Armstrong and Shuman-Carstensen in particular) hell up very well vhile
others did not. The parameters and rules now employed in SELS opuiotions
take into account not only the synoptic features of individusl situctions,
but the eclimatological and thermodynamic features as well. Thus the
current thinking in SFLS is thot these studies have been superseded by
improved techniques during this developmentnl stsage of tornado forecasting.
As irn all science, the SELS goal is towards more, not less, objectivity.

THERMODYNAMIC CONSIDERATICNS

Analysis of Soundings

The primary objective of the analysis of soundings is the determination

of potential energy of hydrostatic instability that will be available

at the time and site of severe thunderstorm or tornado occcurrcnece. This
annlysis is carried out by the parcel method. The positive arens nre
dimensioned at present under the following assumptions: (1) the represenia-
tive parcel is a mean parcel from the lower three thousand feet layer;

(2) there is no entraimment; and (3) the upper boundary thot is significsnt
is not higher than thc 400 mb level. The upper boundary is varied for ths
particular phenomenon being measured or predicted.

Tentative threat areas are outlined from prognostic positions of: (a) 6-
and 12-hour surface fronts, instability lines, and pressure centers;

(b) 6- and 12-hour jets, or wind neximn, at either the gradient or 850 ab
and 500 mb levels; and (c) instability arcas. Following this tentative
delineaticn of possible threect aress, an analysis is made of those sound
ings teken within anl surrounding each area. The rasb analysis for parccl
instability is largely dependent upon the assumed tempernture and moisture
distribution through the layer next to the grouni. Experience thus far
indicates that the depth of the significent layer is arouni 3,000 fect.

The steps followed in analyzing a souniing sre as follows:

" 1. Temperature of the lower 3,000 feect, Where significant surfnce
heating (or conling) is expected before probable nccurrence time,

the actual sounding temperature is modified through this layer.

In generzl, this meodification is made on 09Z and 15Z soundings by
assuming a dry adiabatic temperzture lapse rate (lower 3,000 ft. only)
through the predicted afternoon maximum temperature (t ). Following
the surface temperature forccast, the mean potential temperature of
the lower 3,000 feet is determined.
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2. The mean mixing ratio of the lower 3,000 feet (w) is Aetermined
graphicelly (equi-areal method) from the plotted sounding.

3. Lifting condensation level (LCL). The intersection of the mean
mixing ratio and the mean potential temperature define the LC

Above this level, it is assumed that parcels from the lower 3 307 feet,
will rise along a moist adiabat without entrainment.

L. Level of frse convection (LFC). Following along a moist adiabat
through the LCL, the LFC is defined as the level above which the
parcel is buoyed upward by its lesser density than its envircament
Mormally, this level will be determined at the point wherc
trajectory, slong a moist adiabat from the LCL, crosses the azcuual

sounding.

5. Lifted index (LI). The parcel trajectory is continued upward
a moist hdiabﬂt ”ro* the LFC to the 500 mb level, The 500 mb *
ture thus determined might be considered as the parcel or upcr
tCﬂptTltUTu within the thunderstorm cloud, if one devclops. Tre

gebraic differcnce between the updraft tL,p at end the environ-
ment temperature (COMphtLL updraft or parccl tempersinre minus observed

tenpcrature) at the 500 mb ‘;v* defincs the LI es used in SELS. It
will be noted that the evelustion of the LI is similar to that of the
Showalter- stability index (SI) with the differencc being in the
determination of the lower moisture ond temperaturce velues. In desling
with severe loesl storms, LI values will uv"qlly be larger neg=ztive
than SI values.

Rzob Analysis Chart

Values from thesec analyses are plotted on base maps, using the following
station model:

(Level of free convection) LFC LI (Lifted index)
; 5 3 (Mean potential temperature)
(Mean mixing ratio) = %V /t (Forecast surface temperature)

{0 and t are used primarily as forecast check points after
and have no further prognostic value.) Examples of the anslysis
ings are shown in Fig. 1la (actusl sounding) and 11b (prognostic-souniinz)

With convective activity that results in severe local storms, it is
reasonable to expect that the LFC would lower in time and may become
coincident with the LCL at the time of thunderstorm development. In
those cases of a low-level moisture injection, the LCL will nlso be
lovering. This acts to increassc the positive area s well as to docrease
the negative area.

The LCL is dependent upon the values of 8/ and W_. Assuming thot the
temperature forecnast, or other assumed value, of 8/t is valid, the change
in the LCL is determined by the change in ¥ . Thus the unwind gradient
of W or moisture injection, is of considerable importsance in the final
forecnst. Surface dewpoints during late morning aznd afternoon pernit an
hourly check on the change in w. That is, locel hesting =2nd convection
acting on the surface lsyer of a convectively unstable air mass will



-8-
normally decrease the surface dew point through layer mixing. Therefore,
rapid or continuous increases of the surface dew point, from hourly reports,
over threat areas are of perticular significance.

The Prognostic Sounding

Much of SFLS routine operations is aimed at the production of 2 prog-
nostic sounding which is intended to be representative of the air mass
within the threat area under consideration before severe local storms
develop. The prognostic sounding provides an important basis for the
determination as to whether or not a severe loc=l storm forecast will be
issued. Also, if one is issued, it will provide the principal basis for
forecasting hail size, level and class of severe turbulence, and meximum
surface wind gusts.

The preparation of a prognostic sounding involves the prediction of
“ temperature and humidity nt selected levels above a given point ~t some
futurc time. The levels involved usually include the surface, 850, 700,
and 500 mb levels as well as the base and top of the low-level inversion
when it is prescnt. The following 4 processes are involved in changing
the tempernture at a2 given point:

1. The horizontal advective change. The shear-stability chart (to be
described later) involves this as the primary basis, being actually
a field of two-point predicted soundings in its projected form. The
horizontal advective chrnge is usuelly evaluated only for the 850,
700 and 500 mb levels. Advective change as used here refers to the
trajectory of air parcels. Thus, temperatures are moved with the
expected horizontzl trajectory of air parcels but these values -re
modified for the three other processes involved in temperature chnnges
listed below.

2. The dynomic changc. A recent preper on the conversion of convective
instebility' 88 j stresses the imnortance of the dynamic change. This
change is n consequence of lifting or vertical stretching and involves
adiabatic temperature changes as well as those rcsulting from the
release of the latent heat of condensation. The significance of this
change, particularly when dealing with an air mase containing a low-
level inversion, may usunlly be estimated by simply lifting £11 pointsg
which lie above the base of the inversion or sbove the 3,000 feet
layer. The smount of this 1ift varies with the situation, being
greatest in the case of pronounced end favorable jet structures or
other indices of low-level convergence and high-lcvel divergence. A
1ift of 50-100 mb is usually used to estimste this change but it should
be understood that this is 2 tentative figurc at this time and furthe:
study on this problem is continuing in STLS.

3. Iocal heating (or cooling). The modification of the surface and
low-level temperature is determined largely by the surface tempera-
ture forecast. This has already becn taken into account to a certain
extent in the analysis of the actual soundings. However, further
consideration must be given to a surface temperature forecast for the
time and site of possible occurrence.
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4. The latent heat change. Heating due to the release of the latent
heat of condensation is tnken into account in the preparaticn of
prognostic soundings in the evaluatisn of the temperaturc change
resulting from lifting described above.

Iscbaric evaporational cooling at low levels, due to rain falling
through non-saturated air, is sometimes an importaznt factor in the
determination of the temperature through the lower 3,000 feet. This
effect is most frequently tnken into account in the prediction of the
surface temperature and also in the meen potential temperature of the
lover 3,000 feet which is used to calculate the LCL. Also, there a:ec
occasicnal instances in which evaporational cooling at, say 700 mb,
duc to rnin falling from some higher level, effectively low the
height of the LFC. The lowest temperature to which non-satursied air
parcels can be coocled through evaporation alone is represented by the
wet bulb temperature of the air.

~e

Bumidity Change.

1. The horizontal advective change. An adequate low-level moisture
supply is currently considered by SELS forecasters to be a2 necessary
condition prior to the formation of severe locnl storise. The hori-
zontal low-level advective moisture chiange is estim=ted from the
surface map, the 850 mb chart and plotted soundings. Moisture values
are moved with the expected trajectorr of air parcels and modified
as indicated in the two processes listed below.

2. The vertical change. While the change in moisture values on the
constant pressure charts is usually considered in most forecasting
operations as resulting mostly from horizontal advection, it is
important to remember that moisture also moves alongz the vertical
axis. Indeed, it is this movement that is of paramount importance

in the development of convective activity. In the prognostic soundirg,

this vertical change, or pull-up, of moisture is taken into account

through the same 1ifting process described under the dynamic temperature

change above.

3. The evaporation-condensation change. The moist adiabatic lapse rate
may be used to evaluate mixing ratio or dew point changes under
saturated conditions during 1lifting or sinking., Humidity increases
due to the evaporation of rain falling through non-ssturated =sir =t
low levels are occasionally important in lowering the LFC.

These steps are discussed in general terms rather than as point-by-point
steps. As in the case of the preparation of prognostic surface maps, o
general outline of the factors involved can be presented whereas the
relative importance of the various factors will nccessarily vary from one
situation to another.

Showalter Stability Index.

The stability index (SI) as developed by Showalter {12! and transmitted
regularly both via teletypewriter and Facsimile has proven to be a very
useful tool in ETLS operations. Although it is a very simple parsmeter,
it does contain a considerable amount of information about the air mess
structure. Negative or small positive values of this index might be
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considered as a normal necessary condition prior to the development of
severe local storms (there are occasional important exceptions), but it
should be notecd, as Showalter has stated, that such values certainly do
not constitute a sufficient condition. Plotted valucs of this index on
a map will very cuickly and easily delineate most suspect areas and this
is the principal usc currently made of the SI by SELS forecasters. Also
the SI, wherc used in conjunction with the LFC, is a tool for mcking a
rapid cbeck upon thunderstorm potentinal but not for making the forecqsi
itself. There are some severe local storm outbreaks which may not be
indicated by a tyrical analysis of stntic, low-valued areas of the SI in
such cases. The forceasting problem is one of anticipating the time rote
of change of stability.

DYNAMIC CONSIDERATIONS

Jet Structures

A rather recent development 713! in tornado forecnasting hos becn the
utilization of low and high-level jet relationships =s an important
factor in the conversion of =n =ir ""ss from that represented by the
precedent sounding to one characterized by the prexinity sounding. By
considering certain indications of the vart;c1ty equation, it is possible
to analyze configurations of jet axes and jet maxima such that low-level
(850 mb) horizental convergence is surmcuntcd by higher level (500 mb)
horizontal divergence. These jet structures may act upon an air mess that
is both conditiosnally and convectively unstsble to creste, or help creatu,
areas of parcel instnobility where maximum thunderstorm activity and
tornadoes occur. The models of jet structures to be described constitute
one means which assists in or, possibly in some cases, effects the releasc
of convective instability through vertical stretching or lifting., Jet, as
used here, refers to a horizontal wind speed maximum.

In general, the jet axis or wind maxim=2 at the 500 mb level that is of
conceri: here is that which lies to the southcnast of the major axis. These
secondary jets may often eonstitute little more than the southern or
southeastern boundary of a plateau of high wind specd extending to the
right (usunlly southeast) of the major jet axis. (An excepticn to this
generalized case exists in the situation illustrated in Fig. 15 whecre

the 500 mb jet of interest is usually the major jet at that level.) The
intensification of this secondary jet is frequently noted on 500 mb char%s
prior to tornado occurrence and the wind maximum at the time =nd site of
occurrence is generally quite apparent. It is stresscd that the interest
here is that divecrgence and wind shear at the 500 mb level may often be
used to delineate 2 vertical motionficld.

The use of the following nf?els in tornado forecasting is based prinmcrily
upon a careful analysis of jet, or wind naxinn, axes at the 850 and 500 mb
levels. The prognosis of thesc jet axes moy be uccwmplished through the
application of contour prognoses, extrapolatinn, and anticipnted reactions
of thickness fields. The low level jet is 2lsc closely related to surfrce
developments =and displacements.

Figure 12 illustrates an example in which an snticyclonicslly curved

upper jet axis is orientated at an angle of 45 degrecs or less with respect
to the lower jet axis. With this structure, the significant area is
related to a line from the point of intersection (or the extended
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intersection point if the jets do not actually intersect) southwestwerd,
bisecting the angle between the two jets. The reasoning here is theot
undelineable fine structures branch from the main jet axes and interact
very nearly along the bisecting line. The probability of such inter-
action is a function of the spatial separation of the jets and, thus, of
the angle between them. Occurronces usually break out first in the south
end move northward along the line bisector. This pattern is frequently
quasi-stationary and attends many mejor family outbreaks., A typiezl
predicted tornado arez is outlined in Fig. 12 (no movement is shown).

Figure 13 illustrates an example of a right angle intersection without
curvature. A confisurrticn of jet axes is predicted for a given point
«Q ¥

and this intersection is her predicted to move across the field choun,
Since the fine structure of the jet is not amenable to treatment, the

arca chosen for the rrediction of tornsde cecurrence is centor: upon the
line »f movemont of the jet intersection and embodics »n aren of uncertainty,
due to lack of detaniled data, on either side of this line. The -ceurrcenccs
will usually be found very close to the intersection and selden corcist of
more than one or two tornadces.

Another example, Figure 14, is that of an anticyclonicnlly curved jet

axis aloft which intersects the low level jet =t an angle than

45 degrees. The reasoning and cxtrapolation of the int oint

is similar to that in the casc above (Fig. 13). The pr crence
is the weighting of the arca to the south ~f the upper the west
of the lower jet axis for the probability of nccurrence. (For
planation of why the weighting of the arcas is different in Figs. 12, 13
and 14, see the referenced paper !1i1 .) The limits of error in position.
ing the jet axes requires inclusion of the intersectisn peint and some
area to the north and east. A typical arca for tornedces with such a
configuration is outlined in Fig. 14.

=

A fourth case, Figure 15, is that cof the intersection of a cyclonically
curved jet aloft with a 1ow level jet. This situation is 2lso similer
to tihe second example but weight is given to the aren t- the north and
west of the upper jet. This type is representstive of the elusi
typc occurrences, such ns the Hartford, Conn. storm of May 10, 1
these situations, the low level jet is not necessarily well defi
surface indices plece the nceurrence in o region »f pronounced low=-level
convergence.,

Variations in these convergence-diversence petterns are, of coursc, possible
Quantitative calculntions of the nagnitude of horizontel eonversence or
s 1 e

divergence from these natterns heve nst becn ettempted. Howeve
tative estimates of the diverpgence, based rrincipally upon the
an orientation of the jets, nre consid SELS

xrotions in most SELS

As previcusly menticned, thesc models e nstitute only onc means of effecting
vertical strctching, or lifting, of an nir mass. Other mechanisms such as
cold fronts, warm fronts, “terrain featurcs, .ete., exist and must be given
consideration. Thus, the lack of prior existence of thesc jet structures
does not preclude the expectancy of scvere loeal storns, i.e., 2 low-level

Jet may not be in evidence but result from merked decpening of a low centep.
Perticularly in summer, the 500 mb Jet may not be indicated by winds aloft
measurements but subsequently develop as a result of low-level convergence
and increasing mean tempersture (thickness) through this layer,




Shear-Stability Chart

The purpose of the shear-stability chart is to obtain an estimate »f
prognostic areas of maximum hydrostatic instability =ni to indicetc a rate
of change »f stability. The measure of stability used here is the Shownlter
stability index (SI) :12; . Shear refers to the vector difference in

wind between the gradient and 500 mb levels. Otherwise, of course, SI
areas could be advected without change. This chart consists of a super-
positinn of 500 mb temperatures and winds upon the gradient win?s an?
temperatures of the 850 mb parcels lifted to the 500 mb level (850 mb
lifted temperatures). Gradient winds are considered to be rore represen-
tative of the moisture flow in the lower 3,000 feet. In SELS opcracions.
the grediert wind is arbitrarily defined as the strongest speed ‘.hat is |,
noted in the first 5 groups of the coded pibal message (no more th=n 4,000
feet above the station). Data for this chart are compiled and anuzl7zed
only within and surrounding threat areas which may have been determined
from other considerations.

Prognostic areas, and magnitude, of instability are obtained by simply
advecting point values of both the 500 mb tempersture and 550 mb lifted
temperature with the winds at the appropriate levels. A constent compensg-
tion for non-adiabatic effects is applied by advectire tlcse values with
only 60% of the indicated wind specds. Graphicel subtraction of prognostie
850 mb lifted temperatures from prognostic 500 mb temperatures yields
prognostic values of the Showalter stability index. An interpolation
between the initisl SI field and the prognostic SI field will represent
the magnitude of the change in this stability parameter with time as well
as the areas over which the change occurs. These prognosti~c values may
not be observed if convective activity occurs between soundings,

Data are plotted on a base map according to the following station model:

T5OQ vhere Tg5ng = observed 500 mb temperatiure
LT“&Lﬂ-faé K“b““,_, = 500 mb wind direction and speed
“850 /sI LI = Lifted index
.-+ (LI) SI = Showalter stability index
. =/ = gradient wind speed & -direction
LTgpo = 850 mb lifted (to 500) tempers=ture

This chart is used in conjunetion with the analyzed 850 and 500 mb chorts

so that an initial analysis of these dat= is not necessary. A 6 to 12-howr
forecast of the 500 mb temperature field is made by advecting the £00 nd
temperatures downstream with 60% of the indiceted winds. Tt is sormetimes
necessary to modify these advected valucs due to expected dynamic influences
such as decpening or filling, flattening or sharpening of troughs, cte. in
analysis is then made of these 500 mb forceast temperatures.

The next step is to meke a forecast of the 850 mb 1ifted temperature
values. Since Tgng - LTgso = SI, and LTgsg = Tsog - SI, the observed

500 mb temperature minus the ebscrved SI is equal to the 850 mb lifted
temperature. These LTgso values are then computed for those stations
within and surrounding a threat srea. A tentative 6 to 12-hour forecest
of LTg5p is made by advecting these values with 60% of the reported winds
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at that level. Adjustments are then made for anticipated changes in the
pressure, temperature and moisture field, frontal movements, etc. Extreme
cere must be exercised in this operation to avoid overloocking very cold
values (positive SI values) of the lifted temperature which zre a resuls
of dry air at the 850 mb level but with high dew points just below this
level. In such a case a lifted temperature computed from the LI value
obtained from the raob analysis is used as a more representative cond’*tion.
The LI is a better index of latent instability and is often used instead
of the 5I in and around threat areas. An analysis is then made of thcse
prognostic 850 mb lifted temperatures.

With these 2 sets of lines on the chart, a graphical analysis of SI {or LI)
valucs through interscctions may be quickly and easily effected. TFor
example, when the forccast 500 mb temperature is equal to the 950 mb
lifted temperature, the SI is zero. Or, when the forecast 500 mb termpernes
ture is colder (larger negntive) than the 850 mb lifted temperature, the
SI is negative.

The 700 mb “no-change" line

Ar approach to the prediction of squall line formation is found in the

700 mb "no-change® line technique. Basicelly, this consists of the
delincation of a low-level isentropic trough (approximat.s a uarm tongue
2t 850 mb) and an advected thermal ridee ~t 700 mb (2 temperature ™no-
change" line). If the prognosis shows the "no-change" line to be shecring
over the low-level isentropic trough (othcr factors being favorable),
squall line inception is predicted along thc linc of and at the time of
coincidence,

This procedure is empirical in its basic derivation. However, severszl
physical bases have becn offered to account for its valicdity.

One of these relates to air mass modifiecation. In general, the low-level
isentropic trough (850 mb warm tongue) will be found to be coineident with
a southerly low-level jet axis. The region to the left of this axis is
favorable for convergence “ue to "chimney effect", frictional torgue,

and the horizontal solenoid field. In addition, in the deceleration zone
of the jet a packing of mean isotherms with anticyclonic curvature will
tend to create a favorable jet pattern for divergence at some level nlol+
over an extent of the convergence field to the lcft of the Jet axis et

low levels.

The depth of the vertical motion field so produced mny not be deecp enouch

to significantly modify the stability of the ~ir mess. However, when =

mean thermal ridge is advected into coincidence with this pattern at inter
diate heights (the 700 mb "no-change" line is an index to this), the fa.: 1«
divergence pattern is projected to greater heights. The moditieation of

the air mass may then proceed to eritical instability limits, with consequer.h
outbreak of activity in the favorable region.

Another physical basis is found in the concept of hydrodynamic instebility
in isentropic surfaces. Insofar as the action of shuaring into coincidence
of the "no-change® line =nd the iscntropic trough is representative of an
increase in slope of isentropic surfaces to the rear of the isentropic
trough, a tendency toward hydrodynamic instability in these surfaces is
denoted. In general, there exists a criticeal slope of isentropic surfaces
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surfaces for hydrodynamic instability. The flow pattern at 700 mb is
usually such that, given the excceding of this critienl limit, 2 component
of motion in the isentropic surfaces is =avnilable as an impulse.

Thus, at some point nenr coincidence, the critical limit of hydrodynsmic
instnbility for the iscntropic slope of the isentropic surfnaces to tho
rear of the isentropic trough is excecded. An impulse, which may be
highly linearized in eonfiguration, then travels eastward into the isen-
tropic trough, ncting nas a squall line initiating mechanism.

A combinntion of the nbove leads to a complex of (1) the creation of =2
region of favorable 2ir mrss for intense thunderstorm nctivity which mey
be lincarly triggered by (2) an impulse created by an attendant incrense
to critical isentropic slope.

It is to be observed that a linearized impulse such ne thet dessribed

nbove can be expected to have associated with it a coincident line-rized
perturbation of the surface pressure. It is felt by many forcecasoirs

with experience in handling severe storms, on a basis of synoptic cxpericnce,
that the surface pressure perturbations noted prior to and attendant to
squall line formation (and, sometimes, tornado inception) nay be structurally
accounted for by such a mechanisn.

Pressure Jumps

The pressure jump concept is not nmenable to treatment on the forccast
desk and is not used as a tool to forcenst cither tornadoes or the
beginning of convective activity. As stated in "Pressure Jump Lines in
Midwestern United Stotes® [1] , 183 percent (of the 65 tornadoes whose
time and location were available) fell inside the area swept out by a
pressure jump line 2~nd of these, 82 percent corresponded within 1 hour

to the pressure jump line isochronc." While 68 percent of these 65
tornadoes were associated with pressure jump line isochrones, date on
the number of pressure jump line situntions thnt wcre not associated with
tornado situstions were not presented. Most of the pressure jump lines
studied had a life of 4 hours or less. Also, most of the severc local
storms occurred “uring the first half of the life of o~ pressure jump lin:
Thus the time betwecn the development of =2 pressure jump line and tornad)
formation is much too short to be of foreccasting v-lue. Indeed, ns
pointed out in a2 later paper [14] s 2 tornado occurrence mny actunlly
precede the formation of a pressure jump line.

The prineipal use that is made of pressure jump reports in SELS is to
verify the development of or location of =n instability line thot was
expected within that generel area and time. Thus, pressure jump reports
at this time =re primarily =n nnalysis tool rather than 2 forecasting tocl

Synoptic Charts

The following guidance list is intended to describe synoptic conditions
which are usually associated with tornsdo occurrence. However, it is
emphasized that, in particular instances, all of these conditions are
neither necessary or sufficient. The following conditions are generally
considered to be favoreble for tornado development or to delineate areas
in which tornadoes occur.



Surface Map

l. The warm sector of a wave cyclone.
. 2. Intersections of warm fronts and instebility lines.
3. Instebility lines.
4e Cold fronts. I e
5. Areas having a surface dew point of 53°F or greater (15' .

850 mb Chart

1. Trough to the west of a threat area.

2. Moisture injcction., That is, a southerly jet within an =area
of high moisture values. While a lower limit on the dcoth of
the moist layer has tentatively been set at 3,000 fcet, it is
imperative that a strong moisture injection be in evidcnce in
such situations. Otherwise, if the moisture is dis*vibuted
through a depth comparasble to the vertical extent cf
Cumulonimbus clouds, the low-lcvel supply would de appreciably
lowered, the LFC would increasc to greater heights, and
convective activity would be of only transitory duration.
Thus the location and position of the low-Jevel moisture
injection is one of the most important aspects in severe
local storm forecasting.

3. Warm air advection.

4. Coincidence, or near-coincidence of temperature and dew
point ridge.

. 700 mb Chart

1. Trough to the west of 2 threat area.

2. '"No-change" lines. (See description.)

3. Areaswith increasing local change of moisture valucs ezre
most favorable.

500 mb Chart

1. Jet intersections with low level jet or low level convergence
region.

2. Cold temperature advection from a westerly direction.

3. Evidence of dynamic cooling.

Rader Plotting Chart

At the present time little has been confirmed as to the appcrrance
of a tornado on the radar scope. The following echo patterns arc
suspected of being indicative of severe loecal storm sctivity:

1. Echoes which indicate vorticnl shear (hooks, s-bands, 6-shaped
echoes, etey).

2. Intersection of two or mere bands of cchoes.

3. Areas of maximum verticsl devclopment.

4o+ Arces of marked convergence of ccho paths.

5. Well defined bands of strong convective cchoes.

. However, until the subject has been studied more rigorcusly, the
radar reports must be used principally to position areas of
current activity and to determine the velocity and vertical extent
of the echoes,
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Formulaetion of the Forecast

In common with other types of weather forecasting, the formulation of a
tornado forecast does not entail a simple weighing of parameters or direct
application of rules. Instead, the SFLS forecaster must arrive at some
decision, or series of decisions, in each individual situation regarding
the combined relative importance of the climatological, thermodynamic

and dynamic features previously discussed. At the present time these
decisions are based upon subjective considerations and are necessarily
subject to the capacity of the human brain to accurately evaluate the
importance of 2ll parameters in all cases. So, until these parameters,
as well as others that will be developed, can be measured and combined in
a more objective manner, tornado forecasting must rely heavily ugon
experience itself.

The development of a set of rules which would be applicable in =ny arcs,

any season, or any of the 4 zir mass types previously deseribed has not

been attempted. Nevertheless, the following discussion will attemrt to
portray, in a generalized manner, the methods used in SELS to formulate

a tornado forecast. For lack of specific knowledge to the contrary, it is
currently assumed that the tornado develops through thc conversion of
potential to kinetic energy along with the release of instability. Thus,

the tornado forecast method may be used in the prediction of hail, turbulence,
and surface wind gusts.

The formulation of SELS severe weather forecasts is a function of both
dynamic and thermodynamic considerations. There are occasional instances
in which all of the thermodynamic considerations are pronounced =and, ot

the same time, 211 dynamic considerations are strong and well-morked.

In such cases (e.g. the tornado situation of March 21-22, 1952), nearly
all criteria for forecasting tornadoes are fulfilled. However, these
situations are not representative of those which most frequently confront
the SELS forecaster. Experience has shown that, in general, dyn=mic
considerations are the more important during late fall, winter and spring,
This is, as is well known, the scnson when the more severe outbreaks occur.
On the other hand, thermodynsmic considerations seem to have 2 morc domizant
role during summer and e=rly fall when pressurc patterns are usuzlly wezker
and less well-defined.

A first approximation to the section of the United States in which a
threat area may be suspected can be made upon the following consider=ztions:

1. SI. Areas of negative values, particularly large negative values,
become tentative suspect rcgions for further annlysis.

2. Shear-stability chart, By advection. ofulfagg and Thog ¥alues ' v
fren. thischoft furthér:refinerent to the. suspeét region can-~ <« . -7

bolfigda. it tor he o prese o e.den B Ll 200l
3. A quick estimate is made of the conditions discussed under "Synoptic
Charts."

The above gross considerations thus outlinec a region, perhaps as large
as several states, for further refinement by the following:

Dynamic considerations

1. A 6- and 12-hour prognestic surface chart, including fronts,
instability lines, and pressure centers.
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2. 6- and 12-hour prognostic positions of 850 and 500 mb jets.
The jet structures, as previously described should, in
general, be in evidence or predicted over the threat aren.

3. Deecpening. Deepening surface lows, or waves, are considercd
to be favorable for tornado formation. This is particulariy
true of the family-type outbresks in winter, spring and
early summer. Deepening »f a low center, or wave, is nex .
sarily taken intc accoiunt in the preparation of the surf
prognostic chart.It should be noted that there are also -,
tornado occurrences without prior evidence of surface cGee.:.d:ng
The deepening referred to here is not to be confused with *h
development of micro-lows, or "tornado nests" as described Dy
Means [16] « Such micro-lows seem to develop only = very
short time prior to, or even concurrent with, torn~do forma-
tion.

(02

4. 700 mb no-change line. In the usual situation duwring winter,
spring and early summer, it should be expected that the 720 mb
no-chenge line will be coincident or nearly coincident with
the low level isentropic trough at the time of instability
line development. While there arc exceptiors, this guide
should be considered as more of a necessarv condition rather
then as a sufficient condition.

These 4 dynamic considerations will usually further limit the
tentative region to a threat area in which tornadoes may be
possible but not necessarily probable.

Thermodynamic Considerations

1. Initial analyses of observed soundings should in general
show LFC values that are below 600 mb within threat are=s.
Analyses of prognostic soundings should show LFC's around
the 850 mb level. Other thiags being equal, the ¢xpectancy
of severe local storms is directly proportional to higher
pressure values (lower eclevations above thp ground) of the
LFC. Both convective and conditional instability should
exist, or be predicted, at the time and site of tornado
occurrence.

2. LI values, within a threat area, should be negative and the
probability of severe local storms is proportional to in-
creasingly large ncgative values of the LI. In most eases
LI 2and LFC velues will dimension the positive arca.

3. Moist layer. In general, the moist layer shculd be at least
3,000 feet deep but in cases where the minimum is only
slightly exceeded there must be evidence of a strong meisture
injection within this layer to replenish the supply if and
when convective activity ocecurs. Those cases of meoist layer
depths of 3-8,000 fect thet suddenly increase to above the
700 mb level are believed to constitute direct observational
evidence that conversion of convective instability is under
way. Convective instability is either being released at
sounding time, or will be released very soon. Therefcre,
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such areas are "hot"™ and quick forecast action is advisable.
In general, SELS forccasters attach little significance,

per se, to the existence or non-existence of 2 relatively
dry layer overlying the lower moist layer, except as an
index to eonvective instability.

The prognostic sounding(s) is intended 4o represent the air
mass structure within the threat area(s). Thus, it
constitutcs the final thermodynamic considerstion as to
whether or not a tornads foreeast will be issued. Also,

omputaticns of hail size, severe turbulcnee, and thunder-
storm surface wind gusts are made from this sounding.

An exception to these considerations has been noted in the
case of the jet structures shown in Fig. 15. In those cases
there may be moisture to great heights over a very large
area and static SI values may be positive (but becoming
negntive at the time and site of the beginning of activity).
Also, surface dew points may be in the 40's. In these coses,
the instability is assumed to resuit almost entirely through
dynamic modificntions of the air mass.
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HAIL SIZE FORECASTING

At the present time, hail size forecasts are of more value to aviation than

other interests. Experience has shown that nail stones of a size smaller than
. 2/4 inch do not often cause important damage to commercial aircraft in operszti -

teday. 50, in predicting severe thunderstorms, SELS forecasters zre conce: aed
with hail size only when hail stones having a dizmeter of 3/4 inch or larp.r .
expected. At present, no attempt is made to pinpoint the exact time and
location of largze hail occurrences. As in the case of tornado forecas
prediction is made of the probability of large hail occurrence over a cison a

e
AN,
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say 130 by 200 niles, during a specified time pmeriod. Such a nrediction c-:s ~c.
carry any imnlication rezarding the area2l extent of the hail, larze or small,

that mizht he damaring to other interzsts, such as azriculture.

A technioue for predicting hailstone size has recentlv heen develomed wit
SELS 1}?] and is in current use. This method was derived under the “ollowi
assumptions: a) hail size is proportional to the updraft velncitv withi
thunderstorm: b) the updraft velocity derives from parcel buovanerv: )
updraft maybe aporoximated from neositive area measurementson a thormos o c
diagram. The use of this technicue is based unon forecasts of thunierstoras made
in conjunction with other considerations than positive aress or other thermo-
d'namic indices alone.

Entrainment has been neglected here. In the case of the int=nge thunderstorms
which produce large hail sizes, the parcels mayv be affected but little by
entrainment at the core of strong updrafts ef larce ~ross-sechion where the
larger stones are visualized to form. However, entrainment may, in part, account
for the spectrum of hail sizes observed over an area due to a spectrum of erntra
. ment rates in a complex of thunderstorm cells. Undoubtedly, entrainment mucei
account for an important number of failures experienced with any hail forecas' !z
technique that cannot account for its effects (and none in application do). In
gener:al, it should be expected that the effect of entrainment in reducine the
size of the positive area would be greatest in the case of widely scattered
thunderstorm activity, and least in an area of numerous, intense thunderstorre,
such as along pronounced instability lines. There is no basic observations:
material on which tb base a dufinite evaluation of the effzct, however; and n»n
operationally fe=sible procedure for including the effect at present.

n-
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Data from proximity soundings were used in the development of the SELS method so
that, cperationally, it is advisable to prepare a prognostic sounding represen
tative of the centroid of a threat arca in cases where no resl sounding is
sufficiently representative. It is also necessary to make a prediction of thur lex
storm occurrence within the threat area. This forecast of thunderstorms musti |
made through other considerations (expacted "kickers", favorable syncriic
patterns, etc.) since the parameters utilized in hail size forecasting ar- rot
necessarily related to the probability of thunderstorm occurrcne=, bevond the
availability of the potential encrgy of hydrostatic instahility.

The updraft velncity is estimated from a measure of the positive area on 2
thermodynamic di2gram (B form 1147). This positiva area usually apnroximates a
triansle and the mevsurements uscd here are H (heizght of the triansl~) =nd
AT (base of the triangle in degrees C.) Available data point to a temperature
of -10°C as the mean level of hail foraation. Thus, the heisht of the trianaulsr
positive area, H, is measured from the level of free convection (LFC) to the

. -10°C level on the predicted parcecl lapse rate. The base of the triangle, A T, is
the temperature difference between the parcel and its environment. That is, the
algebraic difference of -10°C minus the temperature of the actual environment or
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forecast sounding (forecast environment) at this same level. For this value to
be significant, the parcel must be warmer than the environment. In those cacc-
where the positive area is not aporoximately a triansle due to an irregul-r
observed nr predicted temperature lapse rate, a smooth line is drawn to represent
the mean lapse rate (egui-areal bisection). Actually, in working with prog-
nostic soundings, such cases would nnt usually appear.

An overlay, shown in Fig. 16, is used to quickly evaluate the positive ares,

This overlay is placed with the zero point coincident with the ~10°C point an the
parcel lapse rate and the coordinates parallel to the appropriate coord-n~“a- 1
the WB 1147 base. Initial hail size is read at the intersection of the ic.%q:rm
corresvonding to the environment temperature at the -10°C narcel t-mper-
level snd the isobar corr:sronding to the level of free convection. I1f th
of the -10°C parcel teaperature is different from 490 mb. (and it usually is) a
correction for =ir density effect is made from the chart shown in Fir. 17. The
hail size initially obtzined from the overlay =nd the actual pressurs of tha
~10°C parcel temperature level are used to enter this grzph for th: corrected
hail size. It will bhe noted that the hizher the actu-l pressure of th.t lovel,
the greater the hail size.

ura

he level

ct ct+

An example (zraphical) of the use of this technisue on = hail proximity sounding
is shown in Fig, 18.
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THUNDERSTORM SURFACE WIND GUSTS FORECASTING

The empirical method of Fawbush and Miller [20] continues to serve as
the basis for the evaluation of maximum surface gusts in SELS operations.
The procedure is as follows:

1. The zero wet bulb is located on the sounding and the moist adisbat
through that point is followed to the surface.

2. The difference between this temperature (at the surface) and the
representative surface temperature is used as an index to expected
maximum surface gusts.

3. This index, in degrees C., is then related to expected maximum surface
gusts. A temperature difference of 12°C corresponds to susfacc gusts
to 75 mph. or 65 knots; 16.5°C corresponds to gusts to 100 mph; and,
g corresponds to gusts to 50 mph,

An ajparent positive consistent error has been observed by SELS fore-
casters in values obtained by this method. Somc forceasters utilize

a constant corrcction of about -25 knots, whilc others utilizc a sub-
jectively variable correction based upon consideration of the wind field
at intermediate heights (10-15,000 feet) and/or the rate of motion of
instability lines or fronts.

Research on forecasting thunderstorm surface gusts is continuing in SELS.
These gusts are tentatively attributed in STLS to: (&) the downward
acceleration arising from the action of the buoyant force within the
rain area on parcels in meoist adiabatic descent, and (b) the attendant
vertical advection of horizontal momentum, particularly in the squall
line or frontal type thunderstorm.
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Fieure 1. Example of Tyo= I npper air sounding, B-rksdale AFB, La.,

0900 CST, Merch 21, 1952. The scvere outbreak of tornadoes over Arkansas

and Tennessee on Mrrch 21-22, 1952 b:2an 8 hours after this sounding and

the first torn=do in this serics was renocrted 170 miles north of Shrevenort,
La. Tornadoes with this tvpe of precedent soundinz most often oceur in the
South durine late winter and early spring, and over the Midwest during soring
amd @<rly summer.

Figure 2. Example of a Trpe II uprer air sounding, Atlanta, Ga., 2200 EST,
March 27, 1848. Tornsdoes occurred about 60 miles northwest of Atlsnta 4

after this soundin~. This warm, ‘wist precedent soundinz is most often n
connection with tornadoes in the Southeast and also with tornadeces assn
with hurrican=s., Occurrences in this {7pe of air mass are rather infr

)
S

z 0N Ko

Figure 3. Exaumple of a Tvpe III upper air sourding, Mitchel AFE, ¥. Y., 1000 EST,
May 10, 1254. Tcrnadoes occurred 100 miles north of ditehel AFg about 3 hours
after this sounding. Occurrences in this cold, moist air mass arc alse rother
infrequent and often consist of reports of funnel clouds aloft rather thar
destructive funnels reaching the ground..

Figure 4. Example of a Type IV upper air sounding, Dodze Citvr, Kan., 0900 CST,
June 24, 1953. A torn:do was reported 45 miles south-southwost of Dodge City

7 hours after this sounding.

Figure 5. Fxample of Type IV upper 2ir soundineg ( 6 hours later ), Dodge City.
Kan., 1500 CST, June 24, 1953. A torn-do wis reported 45 miles scuth-soutiv: gt
of Dodge City one hour after this proximity sounding. This type of sounding
(termed the "inverted V" in SELS) is noted in connection with many of thc lonag,
narrow, rope-like fuanel clouds that occur during the summer months over the
higher Plains States. Of particular interest here is the complete absence of
either a stable layer or a pronounced lower moist laver. The diurnal varisticn
in these occurrences is Very pronounced with the maximum occurring near, or
Just after, the normal time of maximum temperature.

Figure 8. Composite chart showine depths of the moist laver in eleven Type I
cases. Isopleths of the average depth of the meist laver for these easas ara
shown.

Figure 7a. Upper air soundin~ at Tinker AFB, Okla., Febr. 19, 1951, 1800 CST,

Fimure 7b. Uoper air sounding at Cklahoma City, Febr. 19, 1951, 2100 CST.
A tornado wns renorted 20 miles scuth-socuthwest of Cklahoma City one hour l-tor

Firure 8a. Upper air sounding at Ft. Wworth, Tex., Fehr. 19, 1951, 0000 CST.
Figure 8b. Upper 2ir sounding at F,. Yiorth, Tex., Febr. 19, 1051, 2100 CST.
Figure 9a. Upper air sounding at Sun Antorio, Tex., Febr. 19, 1951, 0900 CST.
Figure 9b. Upper air sounding at San Antonio, Tex., Febr. 19, 1951, 2100 CST
Figure 10a. Upper air sounding at Brownsville, Tex., Febr. 19, 1951, 0900 CST,

Figure 10b. Uoper air sounding at Brownsville, Tex., Febr. 19, 1951, 2100 CSTT




Figure 1lla. Example of an initial analysis of a3 sounding.

Figure 11b. Example of a final analvsis of a sounding (prognostic). Values of
hail size, turbulence class, and surface wind gusts are noted.

Figure 12. Example of an anticyeclonieally curved upper jet and cvelonicallw
curved lower jet intersectinz at nan angle of less than 45°., HNote the threat
area positioned alonz the bisector line. Actually, a lower ja2t without
curvature would usually result in about the sa™ predieted btornado area.

Fipure 13. Fxample ~f a nor-al (20°) intersection of unper and lower jets
without curvature.

Figure 14. Ixample of an anticvcloniecally curved unper jet intersectinz a lower
jet, without curvsture, at an angle of 45° or more.

Figure 15. Fxample of a cvclonieally curved upper iet intersesting a lewer jet
without curvature.

Figure 16. Overlay for WB Form 1147 for estimating hail size for the =-10°C
parcel temperature at 400 mb.

Figure 17. Correction graph for parcel temperature of -10°C 2t a level other
than 400 mb,

Figure 18. Upper air sounding at Altus, Okl=., April 29, 1954, 1500 CST.
Hail size was computed to be 2% inches. Hail up to 2 in. diameter fell S5 mile:
north of Altus, Okla. between 1530 CST and 1830 CST.

Figure 19. Upper air sounding at Ft. Smith, Ark., Oct. 11, 1954, 1500 CST
Illustrating an example of an analvsis for severe turbulence. The overlsv lire.
are drawn on this sounding and condition for severe turbulence, as defined, i
fulfilled at 18,00 feet. Severe turbulence was reported on the Oklahoma Citr -
Little Fock route at 1603 CST between 18,000 and 28,000 feet msl.

Figure 20. Overlay for W8 Form 1147 for estim:ting the maximum surface wind
gusts due to thunderstorm downdrafts.
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Figure 1. Example of Type I upp.rTgl:Exfng, Bark(a:dalo AFB, La., 0900 CST,

March 21, 1952. The severe outbreak of tornadoes over Arkansas and Tennessee
on March 21-22, 1952, began 7 hours after this sounding and the first tornado
in this series was reported 100 miles north of Shreveport, La. Tornadoes with
this type of precedent sounding most oftem ocour in the South during late winter

and early spring, and over the Midwest during spring and early summer.
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Figure 2. Example of a Type II upper air sounding, Atlanta, Ga., 2200 EST,
March 27, 1948. Tornadoes occurred about 60 miles northwest ‘of Atlanta 4 hours
after this sounding. This warm, moist precedent sounding i= most often noted
in connection with tornadoes in the Southeast and also »1ith tornadoes asscciated

with hurricanes. Oecurrences in this type of air mass :Te rather infrequent.
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Example of a Type III upper air sounding, Mitchel AFB, N. Y.,

1000 EST, May 10, 1954. Tornadoes occurred 100 miles north of Mitchel AFB

about 3 hours after this sounding. Occurrences in this cold, moist air mass

are also rather infrequent gnd often comsist of reports of funnel clouds
. a’ ot rather than destructive funnils re~ching the grcund.




FoRON \[ \
'I'I i \:\\\\ i ‘\K‘ \\
i NN ”"i' K 1
%“\ \\:\“\% \"\ \
\ o %
'503L \ \' \{\
\Q\ \\
‘1’90 \
600} N\ L
N \
S N TEMPERATURE
; \ Y 4
g:;?OOTL N\ \\
E WET BULB
@
800}
|
900
1000
10501 5 ki

TEMPERATURE °C

Figure 4. Example of a Type IV upper air sounding, Dodge City, Kan., 0900 CST,
June 24, 1953. A tornado was reported 45 miles south-southwest of Dodge City,
Kansas 7 hours after this sounding.
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Figure 5. FExample of Type IV upper air sounding, Dodge City, Kansas

1500 CST, June 24, 1953. A tornado was reported 45 miles south-southwest

of Dodge City, Kansas one hour after this proximity sounding. This type

of sounding (termed the "inverted V" in SELS) is noted in connection with

many of the long, narrow, rope-like funnel clouds that occur during the

summer months over the higher Plains States. Of particular interest here

is the complete abasence of either a stable layer or a pronounced lower moist
layer. The diurnal variation in these occurrences is very pronounced with i
the maximum occurring near, or just after, the normal time of maximum temperature.
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Figure 8b. Upper air sounding at Ft. Worth, Tex., Feb. 19, 1951, 2100 CST.
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Figure 9a. Upper air sounding at San Antonio, Tex., Feb. 19, 1951, 0900 CST.
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Fig. 16. Overlay for WB Form 1147 for estimating hail size for the -10°C parcel temperature at boo mb.
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Figure 18.  Upper air sounding at Altus, Okla., April 29, 1954, 1500 CST.

fail size was computed to be 24 inches. Hail up to 2 ifiches diameter fell
95 miles north of Altus, Okla., between 1530 CST and 1830 CsT.
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Figure. 19, Upper air sounding at Ft, Smith, Ark., Oct. 11, 1954, 1500 CsT
illustrating an example of an analysis for cevere turbulence. The overlay
lines are drawn on this sounding and the condition for severe turbulence,
as defined, is fulfilled at 18,000 feet, Severe turbulence was reported on
the Oklahoms City-Little Rock route at 1603 gsT between 12,000 ang 28,000

. feet msl.
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