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Three tasks are critical to improving
hazard forecast and warning systems

1) Understanding the risk decision and action
context,

2) ldentifying the commonalities and conflicts in
Interpretations of that context and associated
risks, and

3) Clarifying what these insights mean for forecast
and warning systems.
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One way to address these tasks:

[IInterdisciplinary research

[Ton the risk decisions communities and
professionals face,

[1the mental models they use to make those
decisions, and

[Thow these map to one another

[1in partnership with those communities and
professionals.
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To illustrate this approach:

[1 Mental models research conducted on hurricane and flash
flood forecast and warning systems, and

[1 Surveys of earthquake risk and early warning perceptions

[ CAUSAL SEQUENCE >

HUMAN HUMAN CHOICE OF INITIATING
NEEDS WANTS TECHNOLOGY EVENTS OUTCOME EXPOSURE CONSEQUENCE
Shelter Heated Fireplace Distraction, Garment Heat on Burned skin
house wind, sparks ignites skin

MODIFY ALTER BLOCK BLOCK PREVENT BLOCK

WANTS TECHNOLOGY EVENTS OUTCOME EXPOSURE CONSEQUENCE

Move to Use enclosed Pay Fire screen, Quickly Method

warmer stove attention fireproof smother unknown

climate garments flames

from Kates, RW 2001. Annual Review of Energy and Environment, 26:1-26
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Extreme Weather Event
Risk Interpretation and Action

1) Understand the risk decision and action context

[1 Hurricanes in Miami-Dade, Florida
[1 Forecast and warning system as decision support

2) Understand the commonalities and conflicts in
Interpretations of the context and associated risks

[1 Mental models interviews
[1 Follow-on survey

3) Explore practical implications of these insights for risk
management
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Methods: Data collection

[1 Forecast and warning system group decision modeling

J National Hurricane Center (NHC) forecasters (n=4,
of which 3 with PhD)

J Miami-Dade Weather Forecasting Office (WFO)
forecasters (n=4, of which 2 with BS, 2 MS)

[1 Individual mental models and decision making interviews
J Public Officials (Emergency Managers) (n=6)
J Broadcasters (n=5)

J Miami-Dade residents (recruited via random digit
dialing, face-to-face paid interviews, n=28)

[1 Knowledge Networks survey of representative sample
J Florida hurricane counties, Miami-Dade (n=460)



Hurricane culture

e3°°8j ~—~E£=L£T®L£° §£ |

i £
EKZQSMI v £2=QRBL~FP=) - ¢C£° ~2 £23 . =%

f

Extremely severe

m Have you ever
personally been
affected by a
hurricane? Yes (78%)

Moderately severe

“IHave you ever
personally been
affected by a
hurricane? No (22%)

5!!I!

Not at all severe

Overall, how severe have the impacts of
your own hurricane experience(s) been?
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Perceived causes of changing risk
(Florida, N=460)

MB NMBOMBPMBQMBRMBSMB

| | | |

Changes in population density in
coastal areas

L m Decreased risk
Human caused changes in climate

= No change in risk

Natural climate cycles (not caused

by humans) ® [ncreased risk

Changes in development patterns
and land use and building codes

Changes in the speed and
effectiveness of emergency
response after hurricanes
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Methods for study with forecasters:
Mental models interview protocol

[ [General] Tell me all about hurricanes [(in Miami -Dade)

[ [Exposure ] What do you think determines whether or not a
hurricane impacts Miami-Dade?

[1 [Effects | What risks are there from hurricanes?

[1 [Mitigation ] What can or should be done, if anything, to
reduce risks from hurricanes? [

(I [Hurricane Warning Experience | Describe the most recent,
memorable hurricane warning or watch that you madelLl
How did you go about making that decision to warn? [

LI [Influence diagram | .. List all of the key factors that influence
forecastersLhurricane warning decisions. Explain warning
scenario with diagram.



Group diagramming exercise
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Coding

[1 Interviews recorded and professionally transcribed
verbatim.

[1 First sections of first interview (NHC1) coded iteratively
by three coders.

[1 All interviews coded independently by two coders (blind
to hypotheses).

[] Reliability calculated by section and overall, using
Freelon[s ReCal, Cohenis Kappa (Kappa ranged from
0.48 to 0.82 for full interviews)

m m
1 m
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Tell me about hurricanes
forecasters talked about:

[] Storm development

[] stormI(s location, wind speed and category designation,
season (timing), water temperature, pre-existing
disturbances, and long-term trends and patterns

[1 Storm behavior

[] wind speed designation at which point storms either get a
name or reach hurricane designation, storm surge.

[1 Vulnerability to hurricanes
[] personis hurricane experience and perceptions of risk
[1 Mitigation efforts

[1 hurricane education, evacuation procedures (shelter, inland,
distant, etc.)
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Storm surge

[J NHC1, line 105 : lmean that[s the main reason why we
want people evacuated-from storm surge.l]

[ NHC4, line 194 : [And then - so storm surge has the
largest potential to kill the largest number.L[]

[ WFO1, line 190 : With a strong hurricane, the storm
surge would be probably the second biggest risk,
because of the high winds and the effect that[s going to
have on the - the magnitude of the surge right at the
coast.[]

[1 WFO4, line 0137 : Well, for sure the main threats out of
this whole thing if it is to people first it is definitely storm
surge.L]
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Storm surge: open -ended responses on
guestionnaire from public interviews

[1 Have never thought of storm surge since am inland and
no flood zone. Would turn to media to explain and follow
their recommendation.

[J Wind speed is the key. If it got too strong it could blow
my house down so | would go to a shelter with my family.
| don’t worry about storm surge too much.

[1 Storm surge Is not as threatening because | live in an
apartment in a multi-story building. However, wind speed

IS more threatening since all buildings and properties are
exposed to wind elements.
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How likely would each of the following conditions be in
the general area where you live if a major hurricane
(Category 3 or higher) hit your area?

Florida, Miami -area (N=460)
0% 10% 20% 30% 40% 50% 60% 70%

High winds
DI 77 77770 7777770727777 66% | (1) Extremely unlikely

Blowing objects or debris (2)

77/ 7/ /7//;///78E§

Tornadoes caused by the
hurricane

® (3)Somewhat likely

i, 23%

(4)
Intense rain

o

DI vy 66% 4 (5) Extremely likely

Inland flooding caused by

rainfall
iy 0%

Flooding caused by storm
surge

I, 3T%
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Which of the following have you done to prepare for a

hurricane threat in the past?

Gathered Emergency
supplies

Tied down loose objects in
yard

Developed an emergency
plan

Put up or closed hurricane
shutters

Trimmed trees

Installed hurricane proof
glass

0% 50%

(Florida survey, N=460)

100%

NTB
&\\\\\\\\\\\\\\\\\\\\\\\\\f

SVB

UuvaB

m Have done in the past
v Have NOT done in the past
Not Applicable
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Hurricane Frances
August 31, 2004
11 PM EDT Tue

Advisor 24

sdarr

MWS TPCMMatlonal Hurdzene Center

Current Center | ocation 20A M &7.0

b Bustained Wind 190 mph

| Current b ovement WA gt 16 mph
Locatien

W

Z183 "

-
S .'_m»_,‘.aﬂ"-|

Describe the most recent, memorable probably recent if you
can situation where you heard a hurricane warning?

Well | heard it on the news. And uh theyl they show like

thelihe map of Florida. And they show hurricane warning for
this part of Florida to this part of Florida. And itis all in red. And if
the hurricanels going to for sure come then this cone of death [
they call it the cone of uncertainty, we call it the cone of death.
(#26)



Cones of uncertainty

Can you tell me any more specifics about the hurricane warning or forecast?
Anything specific? Yeah.

No, | mean just that you really donlflknow what it[S going to do until it actually
gets there. [Cause theylre kind ofltheylre [ieah they have that track, that
cone that they follow, but | mean it could really do anything up until like it[S
pretty much on top of you already.

So how can a person find out if there is a risk of an approaching hurricane at
a specific location? Like what the risk is at their home or where they work?

Well, | doniflknow that you can do that. | donflthink that the prediction
machine is that specific. As a matter of fact, they will tell you donl(ilfollow the
little black line. Follow the conel] which openly we call it the cone of
confusion because it spreads out{public interview #23)
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Forecast and warning information

How useful to you personally is the following information

that may be provided with a hurricane forecast?
(1=Not at all useful, to 7=Extremely useful)

1 2 3 4 5 6 7

Changes in hurricane strength

|

Location of landfall

® Have you ever
personally been
affected by a
hurricane? - Yes

Maximum sustained wind speed

Time of landfall

Size of storm (e.g., radius or diameter)

Duration of storm

Il

Have you ever
personally been
affected by a
hurricane? - No

Tornadoes caused by hurricanes

Information about storm impacts

Inland flooding from rainfall

Information about how to prepare and respond

l

Storm surge depths



Implications for risk management

Results suggest opportunities for further improving the
forecast and warning system, with regard to:

[1 Coordination within the system, between National
Hurricane Center, Weather Forecasting Offices,
Public Officials, and Broadcasters

[1 Surge and flood risks

[1 Proliferation of forecast products and presentation of
uncertainty

[1 Cone of uncertainty
The cone is so wide, let s narrow down the cone.

To say that the entire State of Florida is under a risk is a gross
exaggeration. (public interview #8)
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Increasing storm surge hazard

[] ..\ve estimate a
doubling of Katrina
magnitude events
associated with the
warming over the
20th century(

Grinsted A et al. PNAS
2013; 110:5369-5373
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