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ABSTRACT 1. INTRODUCTION

The National Oceanic and Atmospheric Administra- New technologies that provide advancements in com-
tion’'s (NOAA) National Weather Service (NWS) has munication as well as in the field of meteorology allow
recently transitioned to "storm-based” warnings from for more information to be conveyed from forecasters,
county-based warnings. These warnings are increasinglgspecially in relation to severe weather, than is currently
used by graphical applications for television, the Inter-being disseminated from the National Weather Service.
net, and cell phones to better communicate specific inAdditional information could be provided regarding un-
formation about hazardous weather. With the rapid up-<certainty of severe weather using high-resolution (spatia
dates in technology and communication, the NWS carand temporal) grids. However, the science and verifica-
continue to build upon the storm-based warnings to bettion methods are not fully developed and it is imperative
ter communicate specifics in uncertainty, space, and timéhat applied researchers as well as forecasters take a lead-
to advanced and special-need users. ing role in the development of such products.

During the 6 week period of 27 April-7 June 2008, The Hazardous Weather Testbed (HWT) and the
the NOAA Hazardous Weather Testbed in Norman, OKWarning Research and Development (WRDD) / Severe
hosted multiple visiting NWS and Environment CanadaWeather Warning Applications and Technology Trans-
forecasters for the Experimental Warning Program. Theer (SWAT) group at NSSL work on warning scale (0-2)
forecasters had the opportunity to issue probabilistichour nowcasting challenges for convective weather. The
guidance on several real-time severe weather eventpring 2008 experiment (Stumpf et al. 2008) provided
across the continental United States and an archive eventir first real test of these developmental products collab-
from 13 August 2007 in northeast North Dakota. Eachorating with 22 visiting forecasters in one week shifts.
forecaster was asked to identify areas of a storm wher&hese products have the possibility of providing more in-

a threat was possible, either at the current time or neaformation from forecasters than the current storm-based
future (less than 60 min) and determine a probability aswarning system can alone, including:

sociated with that threat (current and at a chosen future
time). The projectfocused on three different threats: Tor-
nado, Hail (greater thar75 in), and Wind (greater than
50 kts). Probabilistic hazard forecasts made throughout e More specific regarding space (smaller aerial cover-
the six week period and from the archive event will be age advects with storm);

compared to storm data as well as the high resolution
data from the Severe Hazards Analysis and Verification
Experiment (SHAVE) to determine skill and reliability e Defines type of threat (wind, hail, tornado, light-
of the forecasts and how this guidance should be updated  ning);

for future use. In addition, feedback from visiting fore-
casters concerning product use and workload as well as *
societal impacts of such products are discussed.

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

e More specific intensity estimates;

Defines the temporal, spatial, and intensity uncer-
tainties of the threats. Allows for longer lead-times,
though with higher uncertainty;
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Norman, OK 73072; email: kristin.kuhiman@noaa.gov in storm motion and evolution.



a. CASE A: 29 May 2008

29 May 2008 provided one of our very few outbreak
days with multiple long-lived tornadic supercells. A
shortwave trough dug into the base of a standing long
, ) wave over the western states and ejected over the Plains
Sl g A at a time coincident with peak heating. As the warm front

< 4 lifted northward and the dryline overtook the warm front
from the west, a widespread area severe storms formed
over north central Kansas and southern Nebraska where
CAPE values of 2500-4000 J k¢, and 50 to 60 knot
St ; mid level flow accompanied the shortwave trough.

Figure 1. Geographic locations (red shaded areas) of the The Intensive Operation Period (IOP) began at 2130

13 PHI domains during the spring experiment (include ; ; ;
only those outside Oklahoma, where evaluating eitheSrUTC’ with storms already in progress. The first team

the Phased Array Radar or the CASA radar network wa®f two forecasters (Team 1 on Fig. 2) worked within the
the main objective of the forecasters), overlaidamagle =~ Goodland NWSFO county warning area (CWA) and a

Earth. second team two forecasters focused on storms within
the Hastings CWA (Team 2 on Fig. 2). The teams tested
the workload by issuing probabilities for hail, tornado,

We hope that these advancements will result in aand straight line winds for each of 3 different storms
higher level of service to all users through better com-gach, resulting in 9 threat areas that each team needed
munication about the threat in time, space, and intentg maintain. Threats from one storm often overlapped
sity. In addition, we envision this concept as help-thgse of another storm.

ing to bridge the gap between the current determinis- Operations were enhanced by the Situation Display

tic "warn-on-detection” system and a future probabilistic (Fig. 3) which showed live video streaming from storm

"warn-on-forecast” through use of ensembles of numeri-hasers in both CWAs. The Hastings team worked a

cal models. storm produced multiple (EF0, EF1, and EF2) tornadoes
near Kearney, NE, while the Goodland team received oc-

2 THE PROBABILISTIC HAZARD INFORMA- gasional tornado repo'rts from Sheridan to Rooks Coun-

TION EXPERIMENT ties (EF1 apd EFO0) (Fig.2). The Goo_dland storms fp_und
deeper moisture and began producing more significant

The spring 2008 was the first full test of this con- tornadoes near Jewell and Mitchell Counties, KS, just
cept with forecasters and social scientists giving feedafter the IOP ended near 0130 UTC.

back in the early stages to help provide direction. Test-

ing the probabilistic hazard information (PHI) was the ZE==_r o = 2

main objective on 13 days of the Spring Experiment. The §

geographic locations of the domains are shown in Fig.

1. Throughout all the events, the forecasters generallyf

worked in teams of at least two and were asked to main-{

tain three separate threat areas for each storm: Tornaddg &

Hail (greater than .75 in), and Wind (greater than 50 kts). i

If this work level became too much for a team to han-

dle competently, they were instructed to drop the wind

threat area. Each forecasting team was responsible fo
determining (a) the area of the immediate threat (b) the
probability of that threat occurring within said area now

and at a future time (determined by the forecaster) and (c) x

storm motion (speed and direction) and associated uncefigure 2: Accumulated (maximum) probabilites of tor-

tainty within. nado occurrence over intensive operation period (IOP)

In addition to the real-time experiments all of the visit- gc}?n?st?noéc?t?tr? Igr?t?zgl %\l%g%gﬂk?{ ?rgg?n -zr?,\"/’g?kle‘évgt”gﬁﬂs
ing forecasters worked through an archive event from 13n northeast and northcentral Kansas. Overlaidosyle

August 2007. Two of the 13 real-time cases are discussegarth.

in more detail below.
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Figure 4: As in Fig. 2, accumulated probabilities and tor-
nado tracks across northeast Colorado and southwest Ne-
braska for 4 Jun 2008.

on the “EWP Blog” (Stumpf et al. 2008). The feedback
from visiting forecasters addressed both the possitslitie
of use of PHI in the future as well as implementation
concerns.

Figure 3: The Situational Awareness display (back- In general, concerns were voiced nearly every week
ground) that displayed streaming video from chasers, loover the work load. The forecasters were asked to con-
cal news stations, and data from radars when availablesider not only an entire new concept of hazard commu-
Forecaster workstations are shown, WDSSII (Hondl ethication, but also to complete this work on a unfamiliar
al. 2007) and AWIPS, are in the foreground. software system. The Warning Decision Support System
-Integrated Information (WDSSII; Hondl et al. 2007)
was used to interrogate storms and to create the proba-
b. CASE B: 4 June 2008 bilistic hazard information grids. Many forecasters as-
sumed the software would be easier to use and more
The IOP on 4 June 2008 lasted from 2215 to 0030g¢ape in an operational environment, though there were
UTC. Strong instability and vertical shear combined with g4 concerns about difficulties anticipating short-term
increasing low-level flow along a stationary front al- changes in storm motion and intensity. Nearly everyone
lowed for long-lived supercell storms to form. and move reported it was not easy to keep the creation polygons
east-northeast along the frontal boundary in northeag;isua||y separate when working all 3 hazards at once on
Colorado and southwest Nebraska. One team of threg,a same storm, and therefore hard to work with them.
forecasters worked the event and concentrated on all 3,ecific excerpts from forecasters are included below:
threats.(severe hail, severe wind, and tornado) for the “I can envision the additional value that the probabilis-
s'Forms in the northeasbt Colorgdo/sgu;]hwest Nebraska "$ic forecasts could provide to some customers especially
D e e e e o o s bl some e tat gt gger
IPS, while the other team member created the probabilis\fvammg' For exan_1p|e, tornado probability trends for
' supercell could give an EM [emergency manager] or

t'CI haza;)rd ftOLe(l:f?/\?t grtlﬁs. Trr]letr:ealnalzt;ne_rmhbefrs SW'tCthe V weather person some insight on the likelihood that a
roles about hailway throug € - 1he forecasters, o m may subsequently have a tornado warning issued
were moved directly into this event from working radar

. : . D nit”

archive without much preparation and found it difficult ~— " . bi . babilistic inf . hould
to catch up to the current state. The accumulated maxi- B,edmg a E to issue p][0| ,af' istic n ormation shou
mum probabilities from the forecast team as well as theProvide much more useful information to our partners

tornado tracks from storm data are shown in Fig. 4. and more sophisticated users. Conveying information
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
Forecasters were asked to provide feedback duringublic. The primary limiting factors ... in my opinion in-
shifts, post-event, and also through written guest entrieslude, (1) quantifying the specific threats and expressing

c. Forecaster Feedback
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Figure 6: Reliability diagram of tornado hazard informa-
tion from 29 May 2008 (thick red line) based on gridded
data from Buffalo and Sheridan Counties. Thin red line
is 1:1 line of conditional even relative frequency is equal
to the forecast probability (a well-calibrated forecast) .
Inset box indicates frequency of forecast.

the 2008 spring experiment, however, forecasters were
given very little guidance in determining initial and fu-
ture probabilities associated with the hazards. Future
experiments must include some type of statistical guid-
ance for background probabilities relative to a specific
area. In order to test data from this past spring, an as-
sumption was made that the probabilities were chosen
in reference to roughly a 5 km grid. This is a big as-
sumption and most likely incorrect (forecaster feedback
indicates that they were typically choosing probabilities
based on the entire threat area); still, it will provide a ba-
sis to judge the current data and to compare with future
Figure 5: Zoomed in accumulated probabilistic hazardexperiments. At this time, it has only been tested within
information and tornado tracks from StormData on 29the tornado PHI on 29 May 2008. A zoomed in view
May 2008 overlaid irsoogle Earth. (a) Buffalo County, NE. (0)  of the maximum PHI grid values as well as the actual
Sheridan County, KS. tornado tracks in Buffalo County, Nebraska and Sheri-
dan County, Kansas are shown in Fig. 5. The area was

those threats in a proper manner to the pubic (2) warnsectioned off into roughly 4.5km (E-W) by Skm (N-S)

ing forecaster workload issues and (3) public responsQ_”_ds with each square a35|gne_d_ a representative proba-

problems associated with different threat percentatagesPility and a yes or no event signifier (e.g., yes tornado or
Based on this feedback as well as previous con© tornado within the square). From this data, a relia-

cerns we have begun collaborations with social science?ility diagram was produced (F). The diagram con-

As part of this collaboration the HWT hosted an Ad- firms that probabilities were too large relative to the ob-

vanced Weather and Society (WAS*IS) workshop 15-178€rved frequency. However, more data is needed in order

September 2008 (Gruntfest et al. 2009). The workshop@ Make any statistically significant statements.

brought together meteorologists from the EWP and the

NWS with social scientists and stakeh(_)lders represents pjscuUSSION AND CONCLUSIONS

ing a broad spectrum of end-users. This workshop was

. . i . At present, very little research addresses the specific
designed to integrate societal impact research at the be- : . ]
o : needs of lead time and warning accuracy for different
ginning stages of development of this concept.

user types. For instance, if a tornado threat exists various
end-users will have completely different needs for lead
time and accuracy:

Evaluation of the current PHI products is necessary in
order to determine the next steps of development. During e A healthy individual in a well-built home.

¢  WI100.35 W100%25 W100.15

d. Evaluation of PHI



o A family with small children or elderly personin an Hotz (WFO Morristown, TN), Daniel Porter (WFO Al-

apartment. buquerque, NM), Ron Przybylinski (WFO St. Louis,
o _ MO), Dan Miller (WFO Duluth, MN), Jonathon How-
e A family in a manufactured/mobile home. ell (WFO Memphis, TN), Steve Rogowski (WFO Ster-

A . K , ible f h ling, VA), Steve Hodanish (WFO Pueblo, CO), Ryan
¢ fcomfnlmmty gate eefper Iresp0n5| e for the Knutsvig (WFO Elko, NV), Dave Patrick (Environment

safety of large groups of people. Canada, Winnipeg, MB), Eric Stevens (WFO Fairbanks,
The false alarm rate increases with additional leadK): Kevin Brown (WFO Norman, OK), Mark Melsness

time due to uncertainties with storm evolution. However(Envlronment Canada, W|nn|peg, MB), Brad Colman

many user groups may be able to utilize the probabilistid"WFO Seattle, WA), Jon Hitchcock (WFO Buffalo, NY),

(uncertainty) information to plan a course of action. ~ >€orge Phillips (WFO Topeka, KS), Chris Sohl (WFO
Again, this experiment and the development of PHI iSNorman, OK), and Milovan Radmanovac (Hydrometeo-

in the very early stages. Currently, many resources aréOloglcal Service of Serbia).
focused toward increased use of data assimilation and

ensemble models in short-term forecasts the output ORefer ences

this will be probabilistic. The long term goal of this

project is to develop methodology and applications thaigryntfest, E., K. M. Kuhlman, K. A. Scharfenberg, and
employ statistical guidance combined with multi-radar, g ;. Stumpf, 2009: Beyond Storm-Based Warnings:
multi-sensor data, which, in the future, will work as a  Ap Advanced WAS*IS Workshop to study communi-

framework that can be applied to a “Warn-on-Forecast” cation of probabilistic hazardous weather information.
system. Extended Abstracts, 4th Symp. on Policy and Socio-
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