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ABSTRACT

Knowledge of severe local storms has been increasing rapidly in recent years as a result of both observational
studies and numerical modeling experiments. This paper reviews that knowledge as it relates to development
of new applications for forecasting of severe local storms. Many of these new applications are based on physical
understanding of processes taking place on the storm scale and thus allow forecasters to become less dependent
on empirical relationships. Refinements in pattern recognition and severe weather climatology continue to be
of value to the operational severe local storms forecasters, however.

Current methodology for forecasting severe local storms at the National Severe Storms Forecast Center is
described. Operational uses of new forecast applications, new “real-time” data sources (such as wind profilers
and Doppler radars), and improved numerical model products are discussed.

1. Intreduction

Convective storms produce a wide variety of weather

phenomena that might be considered “severe” (a haz-
ard to life and property). For purposes of this discus-
sion, however, only those convectively induced phe-
nomena forecast by the Severe Local Storms Unit
(SELS) of the National Severe Storms Forecast Center
(NSSFC) will be considered. These are:

(a) tornadoes
(b) damaging winds, or gusts > 26 m s™! (50 kt)
(c) hail diameter > 1.9 cm (3/3 inch)

Doswell et al. (1993) have described present-day
forecasting of tornadoes as consisting of two parts: an-
ticipation of tornadic potential in the storm environ-
ment, and recogrnition of tornadic storms once they de-
velop. This two-part forecasting/observation process
also applies to damaging winds and hail. This paper
considers only the first part of this forecasting process,
focusing on the relationship between the severe local
storm and its environment. Since the primary forecast
product of SELS is the severe weather watch (see Ostby
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1993 for a complete description of SELS forecast prod-
ucts), that is the primary topic within this paper. Other
SELS forecast products will be mentioned as well,
however.

The forecasting process utilized by SELS involves
parameter evaluation, pattern recognition, and clima-
tology (see section 3a in Doswell et al. 1993). The pa-
rameter evaluation and, to a lesser extent, pattern rec-
ognition components of severe weather forecasting
continue to change as more is learned about storm-
scale processes and interactions between the storm-scale
and the larger-scale environment. Also, climatological
knowledge concerning severe local storms is likely to
become more refined as specific studies are conducted
to develop regional severe weather (e.g., Hirt 1985;
Anthony 1988) and parameter-specific (e.g., Lanicci
and Warner 1991) climatologies.

To evaluate parameters and detect patterns, both
synoptic-scale and mesoscale analysis are essential tools
for severe local storms forecasters. The reader is referred
to Doswell (1982) for a discussion of those basic anal-
ysis techniques utilized in SELS. Since the early 1980s,
additional techniques have been developed to take ad-
vantage of new, advanced technology and an enhanced
understanding of storm processes and their interaction
with the environment. These recent techniques and
some traditional techniques presented by Doswell will
be considered in the following sections.

While climatological knowledge of severe local storm
events is useful in the overall evaluation of the severe
weather threat, the atmosphere on any given day may
not conform to the statistical norm. Severe events can
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and do occur in all states, at all times of the year, and
at all hours of the day. That is one of the reasons for
SELS to be in operation 24 h per day, every day. More-
over, by concentrating their attention on severe
weather, SELS forecasters are able to provide important.
guidance to field forecasters in areas of the country
where severe local storms are infrequent. If a forecaster
18 not accustomed to dealing with severe convective
events, those events might be an unpleasant surprise
on those relatively rare occasions when they do occur.

A review of the history of severe weather forecasting
techniques through the mid-1980s has been presented
by Schaefer (1986), and interested readers are referred
to his work for a historical perspective on the subject.
The primary objective of this paper is to review current
severe local storm forecasting techniques, with an em-
phasis on recent major advances in the field. Knowl-
edge gained from observational studies and numerical
model simulations will be discussed, and theories and
forecast techniques derived from this knowledge will
be presented. The importance of new technology in
helping to assess the potential for severe local storm
development will also be discussed.

2. Severe local storms forecasting philesophy and
methodology

SELS does not attempt to have a severe weather
watch (Ostby 1992) valid for each and every severe
weather event. The density of the operational data net-
work, the state of meteorological understanding, and
the temporal and areal scale of SELS forecasts do not
allow for reasonable accuracy in attempting to forecast
all isolated, marginal severe events. Because of this,
SELS concentrates its efforts on issuing watches for
significant severe weather events (i.e., giant hail, strong
and violent tornadoes, etc.; see Hales 1988), and con-
centrations of severe weather events {e.g., 20 reports
of 2.5-cm- ( 1-inch) diameter hail across northern Mis-
souri]. Thus, it is expected that isolated, marginal se-
vere weather events will be handled by the local Na-
tional Weather Service (NWS) offices in the normal
course of their warning duties.

The severe local storms forecasting methodology
utilized by SELS varies with the time scale of the fore-
cast product (see Doswell et al. 1993 and Ostby 1992
for definitions and details). Preparation of convective
outlook forecasts (out to 52 h) primarily involves in-
terpretation and modification of National Meteoro-
logical Center (NMC) numerical model forecast prod-
ucts (see section 3). For those outlook forecasts whose
valid period begins within 12 h of the scheduled issu-
ance time, some additional adjustments are made based
on diagnosis of current synoptic- and subsynoptic-scale
trends.

On the 0-7-h time scale, SELS issues three types of
products: mesoscale discussions, severe local storm
watches (severe thunderstorm and tornado), and status
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reports (Ostby 1992). These short-term products are
primarily diagnostic in nature, and if they are to be
timely and accurate, continuous attention to details
and trends of “real-time”” weather is required (see Dos-
well 1986a). For example, regional subsynoptic-scale
analysis of surface data (the densest operational data
network available ) is necessary to assess the short-term
severe weather threat (Doswell 1982), so surface anal-
ysis typically is done each hour. Further, these subjec-
tive surface analyses are complemented by parameters
derived from the surface data fields. SELS mesoscale
forecasters' also examine closely remote-sensing im-
agery from satellite (e.g., Scofield and Purdom 1986),
radar (e.g., Burgess and Ray 1986), lightning (e.g.,
Lewis 1989), and wind profiler (e.g., Leftwich and
Beckman 1992) sources to aid in accurate diagnosis of
important synoptic and mesoscale features. These data
are available at intervals ranging from nearly contin-
uous (lightning) to hourly (profiler winds).

As additional data sources have become available
and NSSFC’s means of displaying data has improved,
status reports and mesoscale discussions have become
more timely and detailed in recent years (see Figs. 1
and 2). In addition to their original uses (see Doswell
etal. 1993), these messages are now sometimes utilized
to alert field offices to a particularly dangerous meso-
scale development (e.g., Fig. 1b), or to discuss a lo-
calized severe threat when the expected intensity, area
affected, and/or time duration is too limited to justify
watch issuance (e.g., Fig. 2b).

Although short-term forecasting of severe local
storms is primarily diagnostic in nature (Doswell
1986b), the operational numerical weather prediction
(NWP) model forecasts also play a role. Typically, at
the beginning of a shift, a SELS mesoscale forecaster
examines the short-term model forecasts (6, 12, and
sometimes 18 h) to determine model trends for those
parameters and patterns related to severe local storm
development. Used together with the current convec-
tive outlook, they help the mesoscale forecaster focus
on areas that require more detailed analysis. Other

- short-term forecast products use combinations of cur-

rent surface data and model data to assist the forecaster
1n estimating current parameter values (see section 3).

3. Initiation of deep convection

Almost all severe local storm events are associated
with deep convection. To achieve deep convection,
there are three necessary ingredients (as described in
Doswell 1987):

! The term “mesoscale forecasters” is used to signify those SELS
personnel filling positions where the primary responsibility is to
monitor “real-time” weather conditions and trends continuously and
to issue products concerning short-term subsynoptic-scale events when
necessary (i.e., mesoscale discussions, severe weather watches, and
status reports).
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a

STATUS REPORT ON WW NR 179

PSBL SVR TSTMS IN OKC AREA AND OVR WASHITA/KIOWA
CNTY ARE MOVG 225/30-35. TSTMS CONT TO MOV NE IN
RGN OF UPR DIFFLUENCE AND IMPRESSIVE SLY LO LVL FLOW
AS INDCD BY PROFILERS IN NRN AND WRN OK. AMS RMNS
MDTLY UNSTBL OVR WRN AND CNTRL OK WITH LI/S OF -4 TO
-6. DVLPMT WWD TO HBR DURG PAST HR AND A HLF IS
PROBABLY RELATED TO STGST LO LVL MSTR ADVCTN AND
MSTR CNVGNC. DIFFLUENT 2ZN APRS TO BE LIFTING NEWD
AND RADAR INDCS NEW CONVCTN DVLPG TWD END/PNC. AMS
IS DESTABILIZING OVR N CNTRL OK AND S CNTRL
1 KS...WITH -2 LI/S NOW CROSSING INTO KS. LOW CLD
ENHNCMT INCS MSTR RACING NWD OVR WRN OK INTO DDC
AREA. LIFT FM WRM ADVCTN INVOF WRM FNT MAY ALSO AID
DVLPMT OF TSTMS FARTHER N. AREA NNE OF CURRENT WW
IS BEING MONITORED FOR ADDNL WW. CONT CURRENT WW.

. . JUNGBLUTH. .

b

STATUS REPORT ON WW NR 183

04/26/91

WW NR 183 IS NO LONGER IN EFFECT W OF A 35NNW
CNK..30SW SLN..20WNW P28 LN. OTRW CONT RMNDER OF
WH.

LN OF SVR TSTMS HAS BEEN DVLPG RPDLY FM JUST N OF
CNK SWD TO NR HUT AND JUST E OF P28. MOST RAPID
DVLPMT HAS BEEN VCNTY CNK. RADAR AND STLT INDC
STGST TSTM IS OVR SE CLOUD CNTY JUST SE OF CNK MOVG
210/30. GOLFBALL HAIL WAS RPTD AT 1843Z NR
MINNEAPOLIS KS WITH THIS STORM. VSB STLT IMAGERY
SHOWS A FLANKING LN OF DVLPG CU FM THIS TSTM SUGG
CONTD INTENSIFICATION. EXTRAP WD PLACE THIS TSTM
OVR WASHINGTON CNTY KS ABT 30ENE CNK AT 2015Z AND
ENTERING SWRN GAGE CNTY NEB JUST SW OF BIE AT 21152.
THIS TSTM HAS POTENTIAL TO PRODUCE TORNADOES AS IT
MOVES INTO LO LVL JET AND MSTR AXES.

OTHER TSTMS HV BEEN INCRG IN INTENSITY OVR KINGMAN
CNTY XS TO THE W OF ICT. EXPECT THESE TSTMS TO CONT
DVLPG NEWD NR HUT AND JUST N OF ICT NR SFC MSTR
CNVGN CNTR DURG THE NEXT HR. TSTMS HV BEEN DVLPG
NEWD ACRS OK/KS BDR INTO SUMNER CNTY KS.

..BECKMAN.. 04/26/91
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To assess the potential for deep convection, a fore-
caster must be able to diagnose the current thermo-
dynamic structure of the troposphere and to forecast
changes resulting from thermal advection, moisture
advection, and vertical motion fields. Currently, the
diagnosis of these factors is done by means of twice-a-
day (0000 and 1200 UTC) radiosondes taken from a
network of stations around the world. Radiosondes give
the forecaster a snapshot of vertical thermodynamic
and wind profiles at widely scattered points. The chal-

lenge is to deduce the structure between observations

in space and time, utilizing the limited sounding data,

and to project temporal changes in this structure for

the forecast pertod in question.

In the early days of sounding analysis, forecasters
hand plotted local radiosonde data on a thermody-
namic diagram (e.g., a pseudoadiabatic chart), and as-

sessed the potential for deep convection graphically,

based on expected diurnal heating and other factors.
Estimation of static instability (positive area) and cap
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a

SELS MESOSCALE DISCUSSION FOR ..NRN OH/NWRN PA/WRN
NY..

CONCERNING... SEVERE THUNDERSTORM POTENTIAL

F1G. 1. (a) Status report issued at 0646 UTC 26 April 1991 dis-
cussing the potential issuance of a watch adjacent to the current watch.
Contractions are in accordance with Federal Aviation Admin. Hand-
books No. 7340.1L and 7350.6E. (b) As in (a) except issued at 1945
UTC 26 April 1991 and discussing a dangerous mesoscale develop-
ment over north-central Kansas.

(a) a moist layer of sufficient depth in the low or

midtroposphere,

(b) a steep enough lapse rate to allow for a sub-

stantial “positive area,” and

(¢) sufficient lifting of a parcel from the moist layer

to allow it to reach its level of free convection (LFC).

Since the essential issue in the formation of deep
convection is whether or not the LFC will be attained,
the question of “sufficiency” in these ingredients is de-
termined by whether or not some parcel can be ex-
pected to become positively buoyant through a deep
layer. Moisture, conditional instability, and lifting are
all necessary and each affects the convective potential
in a different way.

LTG/STLT IMAGERY SHOWS LN OF TSTMS OVR SRN ONT APCHG
YXU MOVG ESEWD 30 KT. VIS IMAGERY SHOWS DVLPMT SWWD
ACRS EXTREME SERN IWR MI TWDS NWRN OH. STGST WARM
ADVCTN/VRT MTN FCST BY MRNG PROGS TO BE ACRS PTNS OF
WRN NY/SERN ONT BY 002. INCRG SFC PRES FALLS ACRS
WRN NY/NWRN PA REFLECT ONGOING WRM ADVCTN PAT. cI
SHEILD HAS LIMITED DEGREE OF SFC HEATING ACRS WRN
NY/WRN PA/NRN OH...BUT AMS HAS BCM MDTLY UNSTBL WITH
SFC-BASED LI/S IN THE -5 TO -7 RANGE. EXPC
ADDITIONAL DVLPMT/INTENSIFICATION OF TSTMS OVR SRN
ONT/NWRN OH NEXT 2-3 HRS...AND AREA FM NRN OH THRU
NWRN PA INTO WRN NY IS BEING CLOSELY MONITORED FOR

PSBL WW.

..HIRT.. 07/22/91

b

SELS MESOSCALE DISCUSSION FOR ..SE VA/ERN NC..
CONCERNING... SEVERE THUNDERSTORM POTENTIAL

STLT/RDR DATA INDC TSTMS HAVE INTSFYD ACRS SE VA/ERN
NC SINCE 0930Z AS ERYR INTS SQLN HAS ENCOUNTERED
MDTLY UNSTBL AMS. SFC DEWPTS HAVE RISEN INTO THE
MID/UPR 60S FM THE NKT/EWN AREAS NWD THRU ORF AND
INTO THE VA/MD ERN SHORE ON THE HEELS OF STG SLY LO
LVL FLOW. STMS ARE INCRG ALG TAIL END OF STG SHRTWV
TROF ROTG THRU THE CAROLINAS/MID ATLANTIC RGN ATTM.
PRES FALL/RISE COUPLET ASSOCD WITH SQLN CONTS TO BE
WELL DEFINED AND SUGS CURRENT ACTVTY WILL REMAIN
ORGANIZED AS IT MOVES EWD/NEWD 30-35 KTS TWD THE
ATLC CST. STGST CELLS WITHIN LN ARE CURRENTLY
EXHIBITING LEWP/BOW ECHO TYPE RADAR CONFIGURATIONS.
THUS...XPC ISOLD TSTMS WILL PRODUCE WINDS NR SVR
LVLS AND PSBLY SOME SMALL HAIL AS THEY AFFECT THE

WAL/ORF/ECG/EWN/NKT/HAT AREAS OVR NEXT 2-4 HRS.

. .SAMMLER.. 03/02/91

FIG. 2. (a) Asin Fig. la except for mesoscale discussion issued at

1829 UTC 22 July 1991 discussing synoptic and subsynoptic scale
conditions and trends that may lead to a watch issuance. (b) As in
(a) except issued at 1045 UTC 2 March 1991 and discussing a small

area where the severe threat is likely to be limited in duration.
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(negative area) were an important part of this process.
Since technology at that time did not allow for timely
quantitative determination of positive and negative
areas, several stability indices (¢.g., the SELS lifted in-
dex; Galway 1956) were developed. Such indices, many
of which remain in use today, key primarily on man-
datory pressure-level data. This makes them sensitive
to the details in the sounding and,-hence, they may be
unrepresentative of the true character of the data. Fur-
ther, the sounding used in their calculation can change
significantly in the time between the sounding and
convective development, so the numerical values can
be unrepresentative in this way, as well. As technology
and our understanding of storm processes have
changed, new techniques and parameters are evolving
that make use of more of the information in a sounding
than the traditional indices. Currently at SELS, fore-
casters use the VAS [ VISSR ( Visible and Infrared Spin
Scan Radiometer) Atmospheric Sounder] Data Uti-
lization Center (VDUC) interactive computer system
(Browning 1991, 1992) routinely to display thermo-
dynamic profiles and to determine derived parameters.
Local analysis computer programs, such as CONVECT
(Stone 1988), and interactive programs, such as the
Skew 7-logp/Hodograph Analysis and Research Pro-
gram (SHARP; Hart and Korotky 1991), are being
utilized widely by local forecasters to assist in quanti-
tative sounding analysis. These interactive programs
incorporate the old indices along with newer ones (e.g.,
convective available potential energy, or CAPE) and
allow the forecaster to modify the sounding data to
attempt to account for anticipated spatial and temporal
variations in the storm environment.

To assist the SELS forecaster in defining (in both
area and time) the short-term potential (0-7 h) for
thunderstorm development, hourly surface data are
used to compute parameter fields, some of which are
modified for expected changes aloft.”> By this means,
the forecaster can obtain hourly estimates of such pa-
rameters as surface parcel lifted index values ( positive
area), cap strength (negative area), low-level conver-
gence (implying localized lifting, usually along a
boundary; see, e.g., Wilson et al. 1988), and many
others.

Forecasting for the longer term (e.g., the SELS 0700
UTC convective outlook forecasts the potential for
general thunderstorms for a period extending out to
29 h from issue time) primarily involves interpretation
of numerical model products. Typically, the SELS
forecaster constructs a composite chart of “initial”
conditions as soon as data from the latest radiosonde

2 For example, VDUC uses 500-mb static temperatures to compute
surface-based lifted index values for the first few hours after receipt
of scheduled radiosonde data, with Nested Grid Model (NGM ) fore-
cast 500-mb temperatures being used when they become available
(4 to 9 h after scheduled radiosonde data receipt).
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FIG. 3. An example of a composite prognosis depicting 12-h forecast
positions of those surface and upper-air parameters that affect severe
thunderstorm development. Forecast is for 0000 UTC 27 April 1991
based on initial data from 1200 UTC 26 April 1991. This is a black-
and-white copy of a color original in Doswell et al. 1993 (their Fig.
1); the details of the parameter coding can be found therein and are
not important here. Rather, the intent here merely is to exemplify
the appearance of a composite prognosis.

release have been analyzed (see Doswell 1982, II 31-
32). From this composite chart, the three-dimensional
relationships among the “initial” synoptic patterns and
meteorological parameter fields can be visualized.

Composite prognoses (“progs”) for 12-h intervals
out to 48 h from the time of the “initial” composite
chart (Fig. 3) are then constructed, primarily by assim-
ilating NWP model products from the NMC. Patterns
and parameter values on the resultant prog charts are
utilized to prepare forecasts both for deep convection
and for severe weather events (see sections 4, 5, and
6). Concerning deep convective development, model
parameters that relate to such factors as vertical motion,
instability (positive area), and the capping inversion
(negative area) are included on the prog charts. Re-
cently, a procedure was developed at NSSFC that allows
the forecaster to display many of the operational NWP
fields used in constructing composite progs (Cope
1992). The procedure assigns a particular color to each
parameter field and has a looping capability that allows
the forecaster to see how model forecast fields change
with time. Any combination of fields may be super-
imposed (e.g., instability and vertical motion; Fig. 4).

Another important notion in developing the fore-
casts is that of limiting factors. Limiting factors allow
the SELS forecaster to refine his/her perception of
where deep convection is possible. The following are
some examples.

1. Deep convection is usually limited to those areas
where the NGM forecast 1000-500-mb mean relative
humidity is greater than 40% to 45%.

2. Deep convection is generally limited to those
areas where lifted index values [ from combined use of
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the Limited-area Fine-mesh Model (LFM) and NGM
output, and computed surface parcel lifted index val-
ues] are zero or less. Since the NGM often does not
" forecast thermodynamic profiles accurately (particu-
larly boundary-layer moisture), model prediction of
lifted index values is frequently “poor” (see Weiss
1987a). The SELS forecaster uses a combination of
the most reliable aspects of both the NGM and LFM
forecasts of lifted index values and patterns in preparing
composite prognoses. Another method of making lifted
‘index forecasts is to compute surface parcel lifted index
values (Hales and Doswell 1982) for spéciﬁc points of

F1G. 4. Frames from a SELS display loop that depicts forecasts of
NGM best lifted index fields (solid contours at 2°C intervals for
values < 0) and NGM vertical motion fields [contours at 0.1 Pas™!
intervals, dashed contours at 0.2 Pa s™! for negative (upward) vertical
motion] for (a) 00 h, (b) 6 h, and (¢) 12 h after 1200 UTC 4 March
1992.

interest. The technique requires an estimate (or ob-
servation) of surface temperature and dewpoint at a
particular place and time, along with a forecast 500-
mb temperature (say, from the NGM) valid for the
same place and time. It should be noted that using
surface-based values for determining lifted index can
be unrepresentative; for example, there may be a shal-
low stable layer near the surface, above which lies a
deep, unstable layer. However, in spite of this limitation
of a surface parcel lifted index, the result usually is
more representative than the NGM forecast lifted index
value.






