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1. INTRODUCTION

Co-locdion of the Storm Prediction Center (SFC)
with the National Severe StormsLaboratory (NSS.) and
other agenciesin the Norman, Oklahoma Wedher Center
has fadlit ated interadion and collaboration ona variety
of experimental forecast and aher operationally relevant
reseach programs. A crosssedion d locd and visiting
forecasters and reseachers have participated in avariety
of programs over the past several yeas. These include
forecasting suppat for field programs, establishing the
SPC winter weaher mesoscde discusson product,
evaluating operational and experimental NWP model
guidance, and integrating new observational data,
objedive analyses and dsplay tods into forecast
operations. A key goal of these programs is to improve
forecasts meteorologicd phenomena by speeding up the
transfer of new tednodogy and reseach ideas into
forecast operations at the SFC, and sharing new
techniques, skill s, and results of applied research more
fredy. Isaues addressed in these programs include, but
are nat limited to: data overload concernsin operations,
testing and evaluation o new analysis or predictive
(NWP) models, better understanding of operationd
forecast problems, development and evauation o
diagnostic conceptua  models, and new product
development and dsplay strategies.

During the Spring of 2000and 2001he ll aborative
programs focused oncriticd SRC operational problems
including the short term predictabilit y of severe and non
severethunderstormsand pdential impad on operational
convedivewatch projediontime (whereprojediontime
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is typicdly defined as the time period between watch
issuanceand the time of the first severe event). In order
to condLct these exercises, accessto red time operational
and experimental data was made via N-AWIPS
workstations and the world wide web in the Science
Support Area (SSA), locaed adjacat to the SFC
OperationsArea Thisallowedfor coll aboration between
program participants and operational forecasters with
limited impad on SRC operational resporsibiliti es.

2. SPRING PROGRAM MOTIVATION, GOALS,
AND OBJECTIVES

Given that the primary misson at the SRC isrelated
to mesoscde forecating of severe and/or hazadous
wegher, it is nat only prudent but necessary to place a
strong emphasis on dagnostic analysis using red-time
observational data @& well as a range of predictive
guidance from numericd weaher prediction models.
However, owing to insufficient sampling of the
mesoscd e environment (espedally when thedistribution
of water vapor is considered) couped with limited
scientific knowledge of important mesoscde and storm-
scdeprocesses, considerableuncertainty still existsinthe
short-term prediction o convedion. Asaresult, itisin
our best interests to more fully explore the patential use
of operationa and experimenta mesoscde model
guidanceto seeif andwhat informationis avail able from
them to help forecasters more cnfidently predict when
and where cnvedion will develop severa hous in
advance. Over the past two yeas, coll aboration between
SRC andNSS. during the Spring Program has expanded
to include participation from NOAA's Forecast System
Lab (FSL), National Centers for Environmental
Prediction Environmental Modeling Center
(NCEP/EMC), lowa State University, University of



Oklahoma, and National Weaher Service Forecast
Office, Norman, OK (WFO/OUN). Collaboration with
thiswide aosssedion d participants has alowed usto
examine important issues related to mesoscale model
performance, useof new model-based predictionsystems,
andinformationtransfer from modelsto forecasters, that
can be diredly related to forecaster dedsion making and
potential improvements in convedive watch projedion
time

In suppat of this primary goal, several sub-
objedives were dso defined. Theseinclude:

1. Evaluation of increased computational and dsplay
resolution o operational Etamodel data,

2. Comparison of Eta-BMJ and EtaKF convedive
schemes (Kain, et a., 2009,

3. Comparison of operational 40 km RUC and
experimental 20 km RUC models

4. Examinationof short range ensemblesonconvedive
forecasting.

5. Evduationof theimpad of new analysisand dsplay
software on convedive forecasts.

A full description d all program objedives, types of
model output, forecast prodwcts, evaluation and
verificaion forms, daily weaher summary, and other
related linksare avail able a the Spring Programweb site:

http: //wwww.spc.noaa.gov/exper/Spring_2001

3. PLANNING, PARTICIPANTS, AND DAILY
OPERATIONS

Dueto limited resources and participant avail abilit y,
planningfor coll aborative gplied reseach programswith
operational forecast centers (such as SFC, WFO/OUN,
etc.) requires nine months to a yea of advancework to
ensure that participants can be made avail able withou
negative impad to operational work schedules and that
program objedives can be alequately addressed.
Planning must include establi shing ared time data flow
(including post procesgng of experimental model datafor
accessand dsplay independent of forecast operations),
graphicd displays of forecast data mnsistent with the
needs of the forecat/model evaluation team, design of
appropriate forecast products and unbased
model/forecast evaluation forms, credion o interadive/
automated product generation, dscusson,andevaluation
software for participants to conveniently enter forecast
and other relevant information (data) to crede a
comprehensive database for post-analysis, credion o
operations plan and instructions/training for use of

workstations and software, archive of data and forecast
prodwcts, establishment of red time and ofedive
verificaion procedures, and coordination with external
participants. Recent eff orts have focused on oprational
forecast isues in lieu of suppat of red-time field
operationssuchasVORTEX-95(Brooksetal., 1996 and
expand uponthe findings of Howard et a., (1986 and
Doswell et al.,(1986.

During Spring Program 2001, red time operations
were condwcted M-F from 16 April through 8June2001.
Due to the spin-up and training required of participants,
ead full ti me parti cipant worked aminimum of oneweek
with a few visiting scientists participating in an
observational role for a 2-3 day period. Full time
participants made up a forecast team consisting of 3-4
forecasters and/or scientists to complete daily forecasts
and participate in evaluation/verification exercises.
Staffingincluded ore SRC forecaster, ore NS scientist
and one or two visiting scientists from other
organizaions. Visiting participants were invited to
incorporate their ideas into the evaluation pation d the
program as well as present a seminar during their visit.
This helped increasse a sense of “ownership” in the
program beyondthat of SFC and NS exclusively.

The forecast tean creaed forecast products,
condicted eval uationexercises, and participatedinadail y
weaher discusgon in the SSA from 8am-4pm M-Th.
Operations onFriday’ s ran from 8am-2pm and served to
verify the previous day’s forecast as well as document
findings by theforecast team during that week. Although
participants had varied levels of expertise and interest,
collaboration onthe credion o the forecast product and
evaluation of numerous model forecasts was highly
encouraged.

4. FORECAST PRODUCT AND MODEL
EVALUATIONS

In order to examinethe &bility of forecasterstoisue
short-term convedive forecasts (initiation d severe and
non-severe convedion) with upto a4 hou lead time, an
experimental forecast product was creaed. It consisted
of two graphica products and a short written discusson
explaining therationale of the forecast, with emphasison
the role of the model guidance in the dedsion-making
process To maximize the amount of data (NWP
guidance), theforecast teanwas ableto examinefor eat
forecast, the domain of the experimental product was
limitedtoroughly a10 x 10 agreelatitude/longitude aea
centered onaseverethunderstorm“risk” areadefined by
the 1300UTC SPC Day 1 Convedive Outlook and in
consultation with the SRC operational lead forecaster.
Separateforecasts of “ confidence”, within the prescribed
domain, were made for. 1) the occurrence of
thunderstorms, and 2 the occurrence of severe
thunderstorms. These forecasts were verified by CG
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Fig.1. Exampleof Experimental SevereThunderstorm Confidence
Forecast issued 2000UTC 10 May 2001 (valid 2100UTC 10May -
0000 UTC 11 May).

lightning strike data ad severe storm reports,
respedively. Since primary interest was on timing/
locdion of the initiation d new convedion and severe
storms, rather than the ontinuation o existing
convedion, these cmnsiderations affeded the choice of
forecast domain.

Experimental forecasts were issued twice daily and
were valid for a 3-h period (as described below).

IssueTime Valid Period
1700UTC 18062100UTC
2000UTC 210060000UTC

The graphicd forecats delineaded areas of
thunderstorm and severe thunderstorm potential for eat
3 hou period. The forecast team had a dhoice of up to
three ontours (Low, Medium, High) which represented
discrete levels of forecaster confidence of convedive
initi ationand devel opment of severe mnvedion (Fig. 1).
For severe convedion, this level of confidenceis a key
part of the mnvedive watch dedsion making process
Although other fadors (bath meteorologicd and non
meteorologicd) aso influencewhether or nat awatch is
required, thisparticular assessment isexpeded to play an
important rolein identifying situationswhen watchescan
succes<ully be issued with extended projedion times.

Theemphasisonisaiing explicit convediveinitiation
forecats with asmuch asa4-h lead timewasintended to
expandthe use of NWP guidancein the foreceast process
This was nat intended to dminish the importance of
observational datainadual forecast operations, bu tosee
if model output (operational andexperimental) contained
informationwhichall owedforecastersto developanealy
conceptual model of how convedionwould develop and
assgn alevel of confidenceto that scenario.

Coincident with the issuance of ead experimental
forecast product, other members of theteam completed a
multi ple choice ealuation form, questionraire, and log
intended to dacument the usef ulnessof various urcesof
model information and dsplaysin the forecast dedsion-
making process A numericd and text database was
cregded from these eitries for post-anaysis. The
completion of these forms also helped fadlitate
discusgon, note strengths and wednesses of model
forecastsin red time, and allowed for subjedive testing
of hypotheses in subsequent weeks.

5. DATA FLOW

Inadditionto operational data, new analysisdisplays
andnonoperational (experimental) NWPmodel datawas
incorporated into the forecast process during the Spring
Program. Considerable post-processng of the data was
required for it to be viewed on oprational workstations
inthe SSA. As forecasters became famili ar with new/
experimental data sets, reliability of the data in various
SRC operational products increased through a proof-of -
concept process which all owed information to be more
efficiently integrated into SRC operations.

NWP model data avallable during the Spring
Program included the foll owing (mode run resolution /
model display grid):

20km/80km Operational Eta Model (00Z and 1)
20km/40km Operational EtaMode (00Z and 1)
20km/20km Operational Eta Model (00Z and 1)
10km/10km Experimental Nested Eta Model

(00Z and 127; as available for forecast area)
20km/40km Experimental EtaKF Model (00Z and 12Z)
20km/20km Experimental EtakKF Model (00Z and 12Z)
40km/40km Operational RUC Model (127, 157, and 1&)
20 kmy20km Experimental RUC Model (12Z, 15Z, and 182)
Short Range (ETA/RSM) EMC Ensembles (SREF - 00Z only)
Mesoscale Short Range Ensemble

(MM5, Eta, EtaKF, RUC20; 00Z only)
WRF Model (Kain-Fritsch Parameterization - 00Z only)
Cloud Model Ensemble Predictions (Elmore - 00Z only)

Italicized fields were experimental data not initially
availableto SPC forecasters

In addition to NWP data, several experimental
analysis displays were available for Spring Program
participants to use. These included the adility to creae
point forecast (PFC) soundngloops, web based soundng
comparison and dfference omputations for PFC and
ohserved soundngs, and dsplays of 1-D output for the
Kain-Fritsch and Betts-Mill er-Janjic oconvedive
paramerterization schemes. These routines helped
forecasters better diagnose mode! forecasts andintegrate
them into the forecast product more dficiently.



6. VERIFICATION AND DAILY WEATHER
DISCUSSION

Duringthefirst two housead day, theforecast tean
conducted asubjedive verificaion d the previousday’s
forecast andevaluation o spedficmodel parametersused
in creating the forecat. This included a web based
verificaion/evaluation form intended to solicit spedfic
informationregarding thequality of theforecast, utilit y of
model data, and what data had the highest impad onthe
forecast. Verificaionwas dore ollaboratively with all
members of the forecast team participating. Since no
forecatsweremadeon Sunday, participantsused thefirst
two hous on Monday morning for orientation and
familiarization. Forecat verificaion was made by
comparing severereportsand C-G li ghtning displayswith
forecatsmadethepreviousday. A variety of verification
data and dsplays (models, satellite/radar image data,
soundngs, observed data, severe reports, etc.) were dso
available.

Each day at 1800 UTC, a thirty minute weaher
discusson was presented for interested forecasters/
scientistsinthelocd weaher center. Findingsduringthe
verificaion exercises were presented in the first half of
the discusgon whil e the first period forecast and aher
relevant issues were discussed during the last half of the
period. The discussonended promptly at 1830UTC to
allow sufficient timefor the forecast teanto prepare and
issue the second period forecast by 2000UTC.

7. DISCUSSION

Increased spatial andtemporal skill i nforecastingthe
initiation of severe and nonsevere thunderstorms is
central to eff ortsto increase mnvedivewatch projedion
time without substantial degradation in their acairacy.
Beginning in the 1980s operational forecasters becane
more reliant on rew sources of red-time observationd
data, particularly from satellit e and radar, to monitor the
life cycle of thunderstorms. Most notable was the
discovery that they could often wait urtil they saw signs
of convediveinitiation beforeisalinga mnvedivewatch.
This new operational methoddogy resulted in more
acarate placenent of watches in time and space bu
also changed the charader of the mnvedive watch from
a pue forecast product to a hybrid nowcast/forecast
product. Increases to watch projedion time will li kely
require a shift from primary reliance on observational
data to a better integration d observational data with
improved guidance andinterpretation d short rangeNWP
output.

By conducting forecast evaluation and verificaion
exercises on a daily basis, the Spring Program forecast
tean often had dfferent interpretations of model
guidancebefore and after aforecast wasissued. In many
cases, forecast guidancewasdiscarded becaisethemodel

solution did na fit a particular conceptual model, or a
spedfic parameter (e.g. surfacedewpaint) appearedto be
inerror which hiased forecaster acceptanceof other fields
(e.g. QPR inaparticular model run. However, forecaster
dedsionsto accept or rejed model forecast datawere not
aways corred, partly due to misinterpretation o
important processes occurring in the model atmosphere
and/or with a particular convedive parameterizaion
scheme.

While forecasters may look at QPF guidance & a
proxy for initiation d convedion in a model forecast,
there are often ather signalsin model fields which may
suggest initiationisimminent. High resolution gdots of
the charader and intensity of model derived upward
verticd motion may often predude the development of
predpitation (QPFH by several hous in the model
amosphere. These danges are best observed by
comparing or loopng model point forecat soundngs at
a location d interest rather than examining a cnstant
level chart which has been an operational standard for
many yeas.

It becane evident during the program was that it is
vitaly important to urderstand the darader of
predpitation inthe model QPF. In many cases, elevated
convedion, developing above the boundxry layer,
resulted inamisinterpretationof surfacebased convedive
initiation. Extradion d model spedfic parameters sich
asthe Updraft MassFlux or Updraft SourcelLayer (Kain
andBaldwin, 200Q can result inimproved interpretation
of model guidance and letter integration with
ohservational datain the forecast process

There were several events in which forecasters
expreseed a high confidence of severe nvedion
initi atingwith several hoursof projediontime. However,
whil e these were often situations where operational and
experimental model guidanceprovided convergenceona
particular solution,therewere several cases, espedally in
wedkly forced environments, where confidencewasvery
low and yet the forecast was highly conditional (e.g. if
thunderstorms developed, they would likely become
severe very rapidly). As a result, improved skill in
forecasting convedive initiation a severe convedion
over the next few yeas soud nd be epeded to be
universal, bu rather incremental and ona cae by case
basis, gradualy improving as high resolution model
guidance bemmes increasingly reliable.

Thestructure of the 2001Spring Program was st up
to alow an SRC forecaster to work with NWP model
expertsor reseach scientists. Thisarrangement provided
stimulatinginteradionand dscusson duing theforecast
process and alowed SPC forecasters to integrate a
mesoanalysis of observational data with explicit model
interpretation. A comprehensive examination o full
verticd resolution pant forecast soundngs, loops of
model paint forecast soundngs and their time evolution
combined with dagnosticsill uminating model processes
(such as shallow convedion, etc.) are criticd in



understanding the evolution d model parameters and
what proceses are most important in changing a
thermodynamic profil e from onewhich will li kely inhibit
convedionto orein which convedionisableto initiate.

Over the past severa yeas, collaborative/applied
reseach programs at SFC and NS have continued to
expand and nov involve awide range of participation
from several internal and external agencies. Thevalue of
thecoll aborativeinteradion,applied research, andability
to transfer new scientific idess more dficiently into
operations is grealy enhanced by this annual program.
Similarly, reseachers/modelers benefit by gaining a
better understanding of how severe weaher forecasters
use model data in an operational environment
charaderized by time anstraints, data overload isues,
and limitations in mesoscae/stormscde knowledge. In
addition, the value of subjedive evauations of model
performance beames realily apparent, which can
compliment traditional objedive measures auch as
equitable threa/bias <ores. It is likely that future
programs will continue to focus on convedive initiation
and convedive mode & they remain amongst the most
chalenging problems fadng SPC forecaters and
mesoscde reseachers today.
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