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EXPERIMENTAL WAENING PROGRAM
A PART OF THE NOAA HAZARDOUS WEATHER TESTBED

Advanced Weather and Society Integrated Studies (WAS*IS)
Workshop:

I Beyond Storm-Based Warnings, Communication of Probabilistic Hazard
Information

15-17 September 2008

Hazardous Weather Testbed - Experimental Warning
Progranie

Stephenson Center 8 and the National Weather
Center B+

OBJECTIVES:

1. Introduce new technologies and directions to a
diverse spectrum of potential future collaborators,

2. Define and address the broad spectrum of end-user
needs from the super-user to diverse segments of
the general public. Based on participants expertise
and interests we will particularly focus on emergency managers, hospitals and individuals with

Researchers in the Hazardous weather Testhed

. Clarify and suggest new ways to communicate uncertainty and storm information. Focus on graphic
representations of storm timelines and uncertainty and communication through new and emerging
technologies.

» Workshop Home
Agenda (pdf)

List of Participants,
Workshop Presentations
Location/Directions

Contact Us

Next Generation Warning
Services Workshop

University of Oklahoma, Norman OK
December 2-4, 2008

TORNADC WARNING
NATIONAL WEATHER SERVICE DODGE CITY KS
919 PM CDT FRI MAY 4 2007

THE NATIONAL WEATHER SERVICE IN DODGE CITY HAS ISSUED A

* TORNADO WARNING FOR...
KIOWA COUNTY IN SOUTH CENTRAL KANSAS.

* UNTIL 1000 PM CDT

* AT 917 PM CDT...NATIONAL WEATHER SERVICE
METEOROLOGISTS WERE TRACKING A CONFIRMED LARGE AND
EXTREMELY DANGEROUS TORNADO 14 MILES SOUTH OF
GREENSBURG...CR 11 MILES NORTHWEST OF WILMORE...MOVING
NORTHEAST AT 25 MPH.

Current Tornado Warning

anQ INCEFEStS we will particulary Tocds of emergency manageréf!";"l!é!'s an! m!lw!ua‘s WI!!

higher vulnerahility as well as private industry,

2. Clarify and suggest new ways to communicate uncertainty and storm information. Focus on graphic
representations of storm timelines and uncertainty and communication through new and emerging

technologies,

4, Define new measures of success to oroperly assess service, Chanoe concents of storm verification

T+20min T+30min

Future Tornado Threat Graphic?




nu-mer-a-cy. able to think and
express oneself
effectively In
guantitative terms.

dictionary.com: The American Heritage Dictionary of the English Language,
copyright 2009 by Houghton Mifflin Company




Morrs, Demuth, & Lazo Survey

 National Web-based Survey
e General Public

* Every US State

* November 2006

e N=1520




Demographics of NSWW Study

Choose your main profession:

What Do You Think?

« NSWIW Attendees Emergency Manager
— Educated/Power Users (vs Public)
— Diverse backgrounds/professions
* Do we agree?
* Short Electronic Survey
— 8 guestions + 2 demographic
= 5-10 minutes NWS Meteorologis
— Anonymous
— Laptops in Expo Room
* Results Show: Saturday

Other Meteorologist

Weather Enthusiast

Student

Academ esearch

Other

6-8 l
(10)

N = 55 (>10%)




Inferred Uncertainty: Deterministic
Forecasts

Question: Suppose the forecast high temperature is 75°F.
What do you think the high temperature will be?

75°F 74-T6°F T3-T7°F TO0-80°F 65-B5°F Other

75°F 74-76°F 73-77°F 70-80°F
Morss, Demuth, Lazo NSWW 2010

> People infer a range even with a single-value
deterministic forecast (presumably based on prior experience)




Deterministic vs Probabilistic vs Rationale

Will be 85°F

Owithout cold front explanation
B With cold front explanation
Most likely 85°F

but may be 70°F

80% chance of
85°F and 20%
chance of 70°F

0% 10% 20% 30% 40% 50% 60%

Percent of Respondents

Morss, Demuth, Lazo

Forecasters: Tell your customers what you know!




Inferred Uncertainty: Same POP
tomorrow vs 3 days from now

You think it will
rain on both days

You think it is maore
likely to rain tomorrow DO n ’t '[I'US'[ 3 d ay fCSt
than three days from now

|ike|:r?.§ :Q:rﬁhﬂlrdrff 40% pop on 3 days:

from now than tomorrow ve ry h |g h

You do not think it

will rain on either day Don’t trust any fCSt’)




What does POP mean?

confident

0
TABLE 2. Responses to Q14a, the meaning of the forecast 35.0%
“There is a 60% chance of rain for tomorrow” (N = 1330). 30.9%
30.0% -|
Percent of
respondents 25.5%
. , , . 25.0%
It will rain tomorrow in 60% of the region,
It will rain tomorrow for 60% of the time.
It will rain on 60% of the days like tomorrow.* 20.0%
60% of weather forecasters believe that it will
rain tomorrow,
I don’t know. 9 15.0%
Other (plcasc cxplain),
* Technically correct interpretation, according to how PoP fore- 10.0%
casts are verified, as interpreted by Gigerenzer et al. (2005). 5 50
5.0% -
1.8%
[ 1]
Y T T
Mo rss, Demuth 2 Lazo 0% 60% of 60% of 60% of orecaster] Other
region time days like J]60%
omorrow

NSWW 2010




What does POP mean?
(13 NWS Forecasters)

23 Total Meteorologists

Thesis: Meteorologists
are not unanimous on
what they think POP
means.

It will rain on 60% of [t will rain tomorrow It will rain tomorrow The forecaster is Other
the days like tomorrow in 607% of the 60 of the time E0% confident about
region or area. rain falling tomorrow




What does a 10% tornado [ ﬁ.=%
contour mean in a SPC “g

* SPC DAY TORM OUTLOOK
ISSUED: 1624 Z 0308/20039

° V WALID: 08 6302-091 2002

Fi : Ti

(/
; ORECASTER:
gltaohrc'nq1 Bﬁr\évt?i%ttp;rq E%thg? Morman, Oklahoma,

B0 %

72.7% > Education works!
> Qutreach effective Iin

Both mets and non-mets
missed the question.

0%

10% chc of greater than greater than 10% chc of lesser than

TOR w/in 25 normal chc of normal chc of TOR at your normal chc

miles TOR w/in 25 TOR at your location of TOR at
miles location your location




What does 60 % probability in a TOR watch
mean?

TOFMADO WATCH FROBEABEILITIESI FOR WT 0767
NS STORM PREDICTICH CENTEER NORMAN OF
0325 PM CDT FRI OCT 0% 2009

WT 0767
There will be 6 PROBABILITY TABLE:

tDmﬂdDE'-S ir| thEWﬂtEh_ PRECE OF 2 OFE MOERE TORNADOES

PEOBE OF 1 OR MORE STRCNG /Fz-F5/ TORNADCES

PROE OF 10 OR MORE ZEVERE WIND EVENTS

PROE OF 1 OR MORE WIND EVENTS »>= &5 ENOTS

PROE OF 10 OR MORE ZIEVERE HAIL EVENTS :

oo PEOB OF 1 OF MORE HAIL EVENTS »= 2 INCHES :
Slxt_|mes_nutof1[_ll. 25% (14) PEOE OF & OF MORE COMEINED SEVERE HAIL/WIND EVENTS :

watches like this one will

have two or more tom... ‘ ‘

The forecaster has a 60% MOSt prOfESSIOnS
confidence level of a missed the question_
tornado occurmng int... ‘ ‘
There is a 60% chance of
a tornado within 25 miles 49% (27)

of any point withi...




Forecaster Confidence

Information Processing in a
Warning Environment

Warn Don’tWarn
Ground truth Gut feeling
Model

— './

Radar 1,23 etc
1,23 ete ~ guidance
Data T
«— Expectations
Location, — -
asxpected ~ Training
P “"““--.

impact

/ \Satellite
Conditions [ Staffing lssues
observed

outside Conceptual models Ongoing

Equipment status NASS ANl s s

Coordination & Communications

Warning Decision Training Branch
Advanced Warning Operations Course

> Challenge: How do we get
forecasters calibrated against
one another?

Decision to Warn
The Sum of All Inputs

Beyond a reasonable doubt -
Very likely {Criminal Trial)

A preferred, but rare, level of
confidence in warning decisions

Preponderance - More
likely than not {Civil Trial)

Typical level of confidence
inwarning decisions




The forecast says “showers likely”. How

confident are you that it will rain in your area?

40 %

Likely: 60-80%

30%

20 %

10%

0%

T
= 50% 50%-60%  60%-70%  70%-80%  80%-90%  90%-99% 100%




Ranking Qualitative Probability Terms

Average Rankings

1: LOW
7: HIGH

Slhight chanca High chance Steady
Chance Moderate chanca Likekhy Jeccasiona




Ranking Qualitative Probability Terms

= 7 (HIGH)
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Moderate chance Likehy Occasional




Assigning Probabilities to Qualitative
Terms (most common answers)

Highly Likely | 80-90% High Risk 80-100%
Uncommon 10%, <10% Moderate 50%, 40-60%
Chance
Unlikely 10% Rare 5%, 1-5%
Likely 60%, 80%, 60- Never 0%
80% [nonzero responses]
Possible 50% Common 50%, 70%
Slight Chance |20% Slight Risk | 20-30%
Once in 100 1% Normal 50%
yrs [90,96,99]




IPCC Probability Terms

= —_ ; produced by The COMET® Program in partnership with
Fitting the P T th ! !
C]lnlﬂte Chﬂnge nd SIE FIEEES TOREtier The National Environmental Education & Training Foundation

Introduction  YWhat Changes :u'late'? RS How Do We Know 7 | R i R Wy What Mext?  F.

2 How Do We Know?

Levels of Confidence
Terminology Degree of confidence in being correct
Very high confidence | At least 9 of 10 chances of being correct

Other Experts High confidence About 8 of 10 chances
Medium confidence | About 5 of 10 chances

Low confidence About 2 out of 10 chances
Very low confidence | Less than 1 out of 10 chance

Paleoclimate

Observations

What They Are Likelihood Scale

Uncertainties Terminology Likelihood of occurrence/outcome
Climate and Weather Models Virtually certain =89% probability of occurrence

Very likely >90% probability

Likely >66% probability

About as likely as not | 33-66% probability

Unlikely <33% probability

Very unlikely <10% probability

Exceptionally unlikely | <1% probability

FAQ=
Take Aways / References

"Changes in snow, ice and frozen ground have with high
confidence increased the number and size of glacial lakes."

' 44 jr FF




Ways to Define Probabilities

Comparing similar conditions/events/watches
— 60% prob in TOR watch

— Probability of precipitation

Forecaster confidence

Model ensembles

— 10 of 25 members with 2 m temp <32 F: 40%

Points vs areas

— POP vs convective outlook probability




Summary

 Hypothesis: Lack of consensus among NSWW
attendees (even meteorologists) about
expressions of uncertainty (not 100% numerate)

— Proved mostly true

— Tend to agree with public in uncertainty inferred from
deterministic forecasts

* Need consensus among meteorologists
— “characterizing uncertainty”
— definitions and calibrations

 Need education/outreach to power users before
public outreach




For the Future?

Need much more work in this area

“Real” social scientists need to study forecasters
in addition to user communities

Are we ready to develop more probabilistic
products?

If so, are customers ready to use them?




NWS Point-n-Click Forecast
http://www.weather.gov

This Tonight  Wednesday Wednesday Thursday Thursday Friday Friday Saturday
Afternoon

Night Night

Cloudy !
Lo14d °F To it t: d between 11 and

Friday Night: i
Saturday: Fa
Saturday Night: hostl
Sunday: Partly sunn

S

zloudy,
lance of precipitation i




[Wad, Feb 10 Wind Chill (*F) 'Dewpaeint (*F) Temperature (*F)
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C Convective Outl

SEE TEXT

SPC DAY COMNY OUTLOOK

ISSUED: 1624 Z 03082009
V WALID: 08A6302-091 2002
FORECASTER: EWANSISMITH

(D:Jtaot:'?'ltn] r\g i%;poerq eern\?ecre Morman, Oklahoma

SPC DAY WIND OUTLOOK

ISSUED: 1624 Z 03082009
V WALID: 08A6302-091 2002
FORECASTER: EWANSISMITH

(D:Jtaot:'?'ltn] r\g i%;poerq eern\?ecre Morman, Oklshoma

SPC DaYT TORM OUTLOOK

ISSUED: 1624 Z 03082009
V WALID: 08A6302-091 2002
FORECASTER: EWANSISMITH

(D:Jtaot:'?'ltn] r\g i%;poerq eern\?ecre Morman, Oklahoma

SPC DAY HaIL OUTLOOK

ISSUED: 1624 Z 03082009
V WALID: 08A6302-091 2002
FORECASTER: EWANSISMITH

(D:Jtaot:'?'ltn] r\g i%;poerq eern\?ecre Morman, Oklshoma




NHC Hurricane Track and Wind Forecast

Approx. Distance Scafe { Statute Miles )
[— E—

SH 125
T]:uelﬁlt 30.00H

250 375

Hurricane IDA
Sunday Movember8, 2009
9 P CST Advisory 21
HWS TPC/National Hurricane Center
@ Current Center Location 23.7 H 86.7 W
Max Sustained Wind 105 mph
Current Movement NNW at 14 mph
Forecast Center Positions:
@ Tropical cyclone
(O Extratropical cyclone
H Sustained wind > 73 mph
3 Sustained wind 33-73 mph
D Sustained wind < 39 mph
(C~_Potential Day 1-3 Track Area
I Hurricane Waming
Hurricane Watch i i '?

mmm Tropical Storm Warning knot (58 mph) or greater surface winds from all tropical cyclones
ation at 6 PN\ n 8 #21)

http://www.nhc.noaa.gov
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PC Winter Weather Impact Graphics

Automated SREF (082 20100208 run) Derived mean event Lotal SAP accum
36 output FWED FEB-10-2010 (MOAATNWS; F EMC HPC 3PC)

FCET FOS7 VALID: Thu 201002
RIAET ¢
. 1

i

P i

0. 50 Ground Temperature 32F Isotherm: SREF MEAN (dashed), All Members 32F or Colder (solid)
Experimental prod uct depicting the likelihood of winter precipitation (S/IP/ZR) being detected on a road
surface (relative to normal) given that winter precipitation occurs. Values < 1 (warm colors) indicate that
road surface temperatures may be a limiting factor to accumulation on road surfaces. Values > 1 are
associated with equal or above normal probabilities of winter precipitation accumulating on roadways.
Note: The guidance is conditional that SAP/ZR actually occurs, and precipitation rates are not considered in the calculation such

that high precipitation rales increa se the likelihood of accumulation.



What Do You Think?

NSWW Attendees

— Educated/Power Users (vs Public)
— Diverse backgrounds/professions
Do we agree?

Short Electronic Survey

— 8 questions + 2 demographic
— 5-10 minutes

— Anonymous

— Laptops in Expo Room

Results Show: Saturday
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