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ABSTRACT 1. INTRODUCTION
) New technologies are rapidly providing advancements
In September 2008, the National Wgather Centely communication and meteorology that allow for more
hOSt?d an Ad:/anced Weather gnd Society Integratefgajjeq weather information, especially in regard to un-
S_tUd'eS (WA_S IS) workshop. This workshop was de- certainties within severe weather forecasting, than is cur
signed to bring together research meteorploglsts at th?ently being disseminated from the National Weather
NOAA Hazardous Weather Testbed experimental warnserice. The motivation behind this work is such that
Ing program, and a group of s_takeholders r_epresentlng,ith additional information users would be better able to
a diverse user community, to integrate societal impachaye informed decisions (Pielke and Carbone 2002). At

research at the beginning stages of the development Qfiesent, very little research addresses the speci ¢ needs

new gridded probabilistic hazardous weather informa-;¢ |oa4 time and warning accuracy for different user

tion. The objectives of the workshop were to: 1) intro- s Forinstance, if a tornado threat exists various end-

duce new technologies/directions to a diverse spectiuffjgers \ill have completely different needs for lead time
of potential future collaborators, 2) de ne and address,q accuracy:

the needs of a broad spectrum of end-users, 3) clarify

and suggest new ways to communicate uncertainty and A healthy individual in a well-built home.

storm information via emerging technologies, 4) de ne

new measures of success to properly assess service, in- A family with small children or elderly personin an

cluding changing concepts of storm veri cation includ- apartment.
ing close calls and false alarms, 5) provide suggestions o .
for the evolution of the Experimental Warning Program, A family in a manufactured/mobile home.

designing spring experiments with stakeholders goals, 6)
develop ideas for new ways to change the culture within
all levels of the National Weather Service to facilitate op-
erational implementation of these concepts, and 7) create

visibility and consider possible future funding opportuni additional lead-time due to uncertainties with storm evo-
ties for Hazardous Weather Testbed activities and stakg; o However many user groups may be able to uti-

holder mtergcnons. we _W'" d|_scuss some of the O_Ut_'lize the probabilistic (uncertainty) information to plan
comes of this workshop, including the cross-over aCt!V"a course of action. The Hazardous Weather Testbed
ties with the development of a Next-Generation Warmng(HWT) in Norman, OK has been used by the Warning
Tool for the NWS. Research and Development (WRDD) / Severe Weather
Warning Applications and Technology Transfer (SWAT)
Corresponding author address: Kristin M. Kuhlman, g,rOUp at NS,SL to test possible new _pI’OdF.ICtS that p.ro-
NSSL/WRDD, National Weather Center, David L. Boren Blvd, Vide uncertainty of severe weather using high-resolution
Norman, OK 73072; email: kristin.kuhiman@noaa.gov (spatial and temporal) grids. Testing these applications

A "community gatekeeper” responsible for the
safety of large groups of people.

It is understood that the false alarm rate increases with




in the development phase with forecasters (see next sec- De nes type of threat (wind, hail, tornado, light-
tion for greater details) is one part of the process, butthe  ning);

full development of such a product also requires the in-

corporation of social scientists. To achieve the rst steps De nes the temporal, spatial, and intensity uncer-
of this integration a 3 day advanced WAS*IS workshop tainties of the threats. Allows for longer lead-times,
was held in Norman, OK. Over 50 people attended the  though with higher uncertainty;

workshop. Participants were from both the public and

private sectors and from a variety of disciplines including Updates continuously in real-time to re ect changes
anthropology, communications, hydrology, meteorology, in storm motion and evolution.

psychology and sociology — many themselves coming
from interdisciplinary backgrounds. In order to facili-
tate the discussions, all participants had been either paripgmm - m—m"——"
of a previous WAS*IS workshop (Demuth et al 2007)
or worked in the development of the products within the &
NWS, NSSL, or the Warning Decision Training Branch. £
The workshop included various invited oral presentations %
(see Table 1), breakout groups (Table 2), panel discus{ &
sions and a training scenario (Section 4a).

2. THE PROBABILISTIC HAZARD INFORMA-
TION (PHI)

The spring 2008 experiment (Stumpf et al. 2008) was §
the rst full test of this concept with forecasters and so- &
cial scientists giving feedback in the early stages to helpE
provide direction. We had 22 visiting forecasters in oneFigure 1: Accumulated (maximum) probabilites of tor-

week shifts with 13 days having an intensive operationnado occurrence over intensive operation period (IOP)

; ; it e (213010 0130 UTC) on 29-30 May 2008. Team 1 worked
period focused on developing probabilistic hazard infor storms in south central Nebraska, Team 2 worked storms

mation products. Throughoutall the events, the forecasty, northeast and northcentral Kansas. Overlaitosyle
ers generally worked in teams of at least two and weresarth.

asked to maintain three separate threat areas for each

storm: Tornado, Hail (greater than .75 in), and Wind  Forecasters were asked to provide feedback during
(greater than 50 kts). If this work level became too muchshifts and post-event; the feedback from visiting fore-
for a team to handle competently, they were instructectasters addressed both the possibilities of use of PHI in
to drop the wind threat area. Each forecasting team waghe future as well as implementation concerns. Speci ¢
responsible for determining (a) the area of the immediatexcerpts from forecasters are included below:
threat (b) the probability of that threat occurring within - «| can envision the additional value that the probabilis-
said area now and at a future time (determined by thejc forecasts could provide to some customers especially
forecaster) and (c) storm motion (speed and direction}or vajues below some “threshold' that might trigger a
and associated uncertainty within. warning. For example, tornado probability trends for
An example of the a product from the spring 2008 ex- 5 supercell could give an EM [emergency manager] or
periment is shown in Fig. 1. This gure depicts the Ty weather person some insight on the likelihood that a

the maximum probabilities from products issued) overgp jt»

a four hour period from two separate forecasting teams. «gging aple to issue probabilistic information should
These_products have the possibility of providing more in-pravide much more useful information to our partners
formz_;\tlon from forecasters 'Fhan the current storm-based 4 more sophisticated users. Conveying information
warning system can alone, including: probabilistically will allow some of our more advanced
users to get into the head of the warning forecaster.”

“l found the process likely [to be] confusing to the
public. The primary limiting factors ... in my opinion in-
More speci ¢ regarding space (smaller aerial cover-clude, (1) quantifying the speci c threats and expressing
age advects with storm); those threats in a proper manner to the pubic (2) warn-

ing forecaster workload issues and (3) public response
More speci ¢ intensity estimates; problems associated with different threat percentatages.

More speci c regarding time (when storm will af-
fect location, when it will end);



Workshop Speakers, af liations, and presentation titles*

| Speaker | Af liation | Presentation title |
Eve Gruntfest Univ. of Colorado Introduction to WAS*IS and SWIM
Dave Andra NOAA/NWS Introduction to the Hazardous Weather Testbed
Travis Smith CIMMS/NSSL Introduction to Probabilistic Hazard Information
Brenda Philips Univ. of Massachusetts End-to-End-to-End work in CASA
Harold Brooks NOAA/NSSL Better Concepts for Forecast Evaluation
Kevin Scharfenberg NOAA/NWS Challenges Ahead
Melissa Tuttle Carrand The Weather Channe WAS*IS Partnership Initiative:
Kevin Barjenbruch NOAA/NWS Communication between the public and private sectors
Rebecca Jennings FEMA Emergency Management Perspectives:

Addressing vulnerable populations

Table 1: *Electronic versions of the presentations as waell tae full agenda can be found online
(http://lewp.nssl.noaa.gov/wasis2008/presentatitps. p

We hope that these advancements will result in adevelop ideas for new ways to change the culture within
higher level of service to all users through better commu-all levels of the National Weather Service to facilitate op-
nication about the threat in time, space, and intensity. Aerational implementation of these concepts, and 7) create
the same time, we realize that much of the work neededisibility and consider possible future funding opportuni
to ultimately implement the PHI products needs to be in-ties for Hazardous Weather Testbed activities and stake-
terdisciplinary with a strong social science aspect. holder interactions.

3. WAS*IS a. The Enterprise Scenario

The WAS*IS framework provided a clear way to begin
the integration of social science into this work. WAS*IS
has de ned itself as a a community of "interdisciplinary

In order to fully familiarize all workshop attendees
with the PHI products they were taken through a sce-
community of practitioners, researchers, and stakeholdl@ro- The particular case used for the scenario was the
ers” with the ability to "examine ideas, methods, and ex-tornado outbreak in _southern Alabama and Georgia on
amples related to weather-society work” (Demuth et aiMarch 1, 2007—focusing on the storms that moved across

2007). This workshop was developed by following the COffee County, Alabama one of which produced a EF4
ideas and agendas of past WAS*IS workshops, but with éornadq in Enterprise where _e|ght high school students
speci ¢ focus on the communication of the probabilistic Were killed as wall collapsed in hallway.

hazard information and the social research aspects that Participants were separated into four groups of 10-12
are necessitated by it. By selecting participants that havgeople each keeping in mind a different end-user focus
been attendees at past WAS*IS workshops they have awhen reviewing the products. The four groups were:

ready been introduced to the basic tools and conceptsl) County and City Emergency Management (2) Large
fundamental for integrated studies and research, and, idenue and High Vulnerability (3) Private sector and Me-

particular, previous integrated research done be these ifflia and (4) General Public. Each group was given a sum-
dividuals could be used as background and a steppingnary of the weather and example of the current products

stone for furthering research for the PHI concept. available today, starting with outlooks three-days prior
and moving closer to the actual event. After a review
4. WORKSHOP GOALS AND DISCUSSIONS of current products, the groups were introduced to the

The objectives of the workshop were to: 1) intro- new gridded products beginning at 1420 UTC and taken
duce new technologies/directions to a diverse spectrurthrough the entire event (5 hours) at two times real speed
of potential future collaborators, 2) de ne and address(Figure 2).

the needs of a broad spectrum of end-users, 3) clarify g5cp group was asked to discuss what they liked and
and suggest new ways to communicate uncertainty angnat did not work for their particular user groups. Par-
storm information via emerging technologies, 4) de ne yicinants were also asked to compare the PHI products
new measures of Success to properly assess service, iih cyrrent products issued by the National Weather
cluding changing concepts of storm veri cation includ- gepyjce to see what type of extra information could be
ing close calls and false alarms, 5) provide suggestiongyracted or where confusion may occur. In addition,

for the evolution of the Experimental Warning Program, 5. group brainstormed new ways to present and alter
designing spring experiments with stakeholders goals, 6}, new products.



Figure 2: Products and radar for southern Alabama at 1636&$18hown to each workshop group during the scenario.
Left panel: probabilistic hazard information for tornadd@probabilities in reference to color scale on panel). Tgiptr
Current products issued by the NWS including tornado watchwearning areas as issued on 1 Mar 2007. Bottom
right; possible time of arrival product as developed frometaster grids.

b. Breakout groups and discussion project is to develop methodology and applications that

In the day and a half following the scenario much of emp_loy statistical gu@ancg combined Wltr_] multi-radar,
multi-sensor data, which, in the future, will work as a

the tw_ne was s_pent in breakout groups discussing and d ramework that can be applied to a “Warn-on-Forecast”
veloping solutions to many of the problems that came up

X . . : system.
during the scenario. In particular, the subjects of vulner-
ability, storm veri cation, communication and prepared-

ness were common themes (see Table 2).

5 RECOMMENDATIONS 6. ACKNOWLEDGEMENTS

Various levels of recommendations were made at the Sponsored by NOAA Central Regional Team, Steve
end of the workshop. These included taking advantag®&och and Mike Hudson. We thank our attendees for
of webinars and Emergency management conferences ieir valuable input throughout the workshop. The HWT
order to educate speci ¢ and more advanced user groupgnanagement committee members (Dave Andra, Mike
Also, it was highly encouraged to continue work in inter- Foster, Joe Schaefer, Travis Smith, and Jeff Kimpel),
disciplinary elds such as communications, graphic de-Kevin Kelleher (NSSL), and via NOAA-OU Cooperative
sign, and psychology to develop the best possible PrOdAgreement NA17RJI1227.
ucts as we move forward. Another idea visited numerous . .
times was the communication of uncertainties throug The_.\ 2008 EW_P S_prmg Program wouldn_t b_e_possr
probabilities and how the public understands the mest le without contributions from a number of individuals

sage. Two separate avenues were proposed for this: ?"d organizatiqns. Tho_se fr_om the Nati_onal Oceanic
to develop surveys to determine what people (generd nd Atmospheric Administration (NOAA) include: the

public) takes away from probabilities now and 2) work Natio':]al Sdevere lStorms Lapqrgtory (dNShSL) Radar Re-
closely with Elementary school and higher education toS€a/¢h and Development Division and the NSSL Warn-

help ensure that probabilities with respect to weather will"9 Research and Development Division; the National
be better understood in the future.

Weather Services Meteorological Development Labo-
Again, this experiment and the development of PHI jsratory (MDL); the NWS Warning Decision Training
in the very early stages. Currently, many resources ar

granch, and the NWS Weather Forecast Of ce in Nor-
focused toward increased use of data assimilation and'@" OK.

ensemble models in short-term forecasts the output of We thank our attendees for their valuable input
this will be probabilistic. The long term goal of this throughout the workshop.



| Breakout Subjec

Associated Questions

Vulnerability and
Cultural groups

How do we handle the spectrum of user vulnerability without
being overwhelmed by it?

People in different cultural groups make decisions diffiése
how do we deal with these issues?

\eri cation

Do the current measures of skill really capture how well weegaing?
What do we aim for?
What socially relevant veri cation measures can we develog use?

Communication

How do we turn our uncertainty information into a clear cstest message?
What terminology can be most effective?

Preparedness How can we best stress the need for action before the stoives®r
Long-term (months) to short-term (hours)
What kind of training and education is required to ensure@mate delivery and
understanding of the product to various end-users?
Table 2: Breakout subjects and questions.
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