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SOCIAL SCIENCE

Key To Building a Weather-Ready
Nation: Social Science

One of four social science projects awarded by NOAA

Office of Oceanic and Atmospheric Research in 2012 to
look at decision-making during extreme weather events

A second project (2014), funded through NOAA Sea
Grant and NJ Sea Grant Consortium, studied coastal
flood products.

A current, third study, focuses on a national ensemble
system:. Hydrologic Ensemble Forecast System



What Is the Issue?

NWS flood forecast and warning tools offer tremendous amounts of
timely, accurate data.

But: People often don’t respond the way they should to protect life
and property.

“What we need now is to
package and communicate
weather warning information so
that people understand it and
take the right action with the time
they are given.”

Gary Szatkowski, Meteorologist in Charge

Gary Szatkowski il of the NWS Philadelphia, PA/Mt. Holly NJ
gist, National Weather Service Forecast Office Mt. Holly, Philadelphia WFO




Flood Scenario: A Simulated East Coast Hurricane

[ —
SM 125 250 375 500
e 2 0.00

Hurricane Rachel
Sunday September 29, 2013
11AM EDT Sunday

NWS TPC/National Hurricane Center
Intermediate Advisory 37A
Current Center Location33.3 N 788 W
Max Sustained Wind 70 mph
Current Movement NNE at 21 mph
@ Current Center Location
@® Forecast Center Positions
S Sustained wind 38-73 mph
Potential Day 1-3 Track Area
Hurricane Watch
mmm Tropical Storm Warning
Tropical Storm Watch

The 7-day scenario includes a
series of products issued by the
NWS, including:

Hurricane cones
Hydrographs
Significant River Flood Outlooks

Quantitative Precipitation
Forecasts

Flood Watches and Warnings

Ensemble forecasts showing
uncertainty




Focus Groups:

A facilitated discussion about the tools

15 participants per session, average,

flood-affected individuals
Participants gave feedback about:

Timing of products

Graphic design and visual clarity

Ways the products motivated action

How they share the information with others

Significant River Flood Outlook .zt
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River Levels Matter

HYDROGRAPH was the highest-ranked product:

“Very clear, easy to read & useful.”

High results for visual clarity,
usefulness and location specificity.

Suggestion: link every flood
product to hydrograph

September 28, T-3 (PITRVFPA2.070112Z.txt)
DELAWARE RIVER AT EASTON
Universal Time (UTC)
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Latest observed value: 3.40 ft at 9:30 am
EDT 28-Sep. Flood stage Is 22 ft.
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| ESTN4(plotting HGIRG) “Gage 0" Datum: 15543 | | Observations courtesy of US Geological Survey |




Use Color, and Use It Carefully

COLOR in graphics can help or hurt
people’s understanding of risk.
Participants discussed:

Positive use of color (Quantitative
Precipitation Forecast)

Confusing use of color (inundation maps
and flood outlooks)

Lack of color/font variations (Flood
Watches and Warnings)
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Location Detalls

GEOGRAPHIC SPECIFICITY
helps understanding of risk:
Use hyper-local info when possible

Poor ratings for this product
due to lack of location detall

Product unhelpful; did not
prompt action

Significant River Flood Outlook
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Uncertainty

UNCERTAINTY MESSAGES need to be carefully considered.

Current ensemble forecast graphics were very confusing

Some participants did want to receive uncertainty information

Almost no participants could properly interpret the information from the current s
of Meteorological Model Ensemble River Forecasts (MMEFS) graphics

MMEFS Graphics:
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Example of a Draft 7 Day River Level Probabilities wshng

Based on 21 Simulations in the Global Ensemble Forecast System (GEFS)

b, o ) Delaware River at Easton, PA Gauge (ESTN4)
Mocked-up |

Analysis for the period 9/26/2013 2pm - 10/3/2013 2am
Forecast ranges in River levels based on the GEFS model indicate a less than 5% chance of flooding
during the next 7 days. A minor rise of less than 3 feet is expected beginning on 9/27. Another minor rise is

l ' t . t G h . possible beginning on 10/1. Click here for forecast river levels and other local details.

— 5% river level
certainty

River Level (FT)

GEFS-based Stage Simulations Expected Value Plot

Detaware River st Easton, PA (ESTNS)
Anaiyas for the period 9/26/2013 18UTC - 10/3/2013 18UTC

i— 25% river level
certainty

— median

| 75% river level
certainty

[— 95% river level
certainty

2pm 2am 2pm 2am 2pi"n 2am 2pm 2am 2pm Zalm 2pﬁ1 2am 2pm 2am
9/26 9/27 9/27 9/28 928 929 929 930 930 101 101 102 102 1013

Stages (FT)

: B s Range where 50% of simulations fall in agreement (75% to 25%).
it vel

The shorter the range, the mare certainly exists that the niver will reach predicled le
less certain more certain W 95% chance of reaching at least this level
= Median: midpoint of all model simulations

Flood Stage: 22 feet Scale to flood stage Additional information and how to read this graph
Forecast Cycle. 2013082606 UTC
(2 pr ) Created 201326 13:21:21 UTC
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Incorporates various focus groups recommendations, including the
careful use of text, and color variation




Transition to Operations

Revised MMEFS operationalized in 2015

7 Day GEFS River Level Simulations

Used to Estimate the Chance of Flooding and the Range of Possible River Levels
Each Line Shows an Individual Model Simulation (21 Total)

Sinnemahoning Creek at Sinnemahoning, PA (SNNP1)
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Date/Time (local time)

— Individual Model Simulations {21 Total)
-4 Median River Level (Simulations indicate a 50% Chance of Exceeding this Level)
= More Likely Range (Simulations indicate a 40% chance river levels will fall within this range)

06/15/2016 06 UTC CEFS Model




Current Study

How can the potential of the Hydrologic
Ensemble Forecast System (HEFS) to be a
central decision-making support tool for
users including residential, emergency
management and water resource
management audiences on a national level
be best realized.

Jefferson County, WV and Frederick
County, MD

2 rounds of focus groups + surveys with
residents and emergency managers

2 virtual focus groups with water
resource managers

4 day Troplcal Storm scenarlo

FOCUS GROUP STUDY SEEKS PARTICIPANTS

Jefferson County Area Residents

Have you experienced flooding?
Do you rely on flood forecasts to decide when to prepare?

Nurture Nature Center is recruiting participants for focus
groups, as part of a research project with National Oceanic
and Atmospheric Administration, about the use of National
Weather Service flood forecast and warning tools.

Participants will be asked to answer questions and provide

input about various flood warning tools and products issued
by the National Weather Service.

Participants should live in the Jefferson County area and be at least 18 years of age. Each participant
will receive $20 compensation for their time and input. Light refreshments will be provided.

Wednesday, October 19 — 7 p.m. THE

p Tyl
Jefferson County Maintenance Department N qE o
128 Industrial Bivd.

Kearneysville, WV 25430 | L
Focus groups will also be held for residents in Frederick County, MD CENTER
and Water Re d jency Ma both Jefferson

Register online at als
or by email or phone at: rhogan@nurturenature.org or 610- 253 4432,




Research Questions and Products

What improvements to NWS flood forecast products would better
motivate people to take flood preparedness and response actions?

How do residential, emergency manager, and water resource managers
identify the utility of HEFS products? How will they use these
products?

What barriers do each of these audiences identify in understanding and
accessing the HEFS products?

What modifications to the product design will help improve the utility,
understandability, and accessibility of the products?
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Focus Group Participants

Round one: 14 residents and 13 emergency managers (Oct 2016)
- two resident focus groups and two EM groups

Round two: 22 residents and 4 emergency managers (March 2017)
- two resident focus groups and one EM group

o Age demographics
50%
40%

30%

20%
. 1N

20-29 30-39 40-49 50-59 60-69

mResidents1 mResidents2 mEM1 mEM2




Focus Group Participants

90% Experienced a flood event?

80%

70%
60%
50%
40%
30%
20%
10%

0%

Residents 1 Residents 2

HYes HNO

Perception of Flood Risk
80%

70%
60%
50%
40%
30%
20%

0%

No risk Very little risk Somewhat high Extremely high




Timing of flood experience

Tl

Residents 1 Residents 2 EM 1

m Within last 2years m2-5years m More than 5 years ago

Responded to Warnings

mr

Residents 1 Residents 2

Hyes mNO




Round One: Focus Group Results

. I
15-Day Probabilistic Guidance from MEFP + ENSPOST

Fredrick, MD
Data as of 12:00 PM GMT September &
For official forecast, go to hitp: //water.weather. govfahps
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Presentation Impacts:

Resident Actions after attending session

Better understand the uncertainty associated
with flood forecasts
Use uncertainty forecasts in your decision-
making

Seek out uncertainty information

Seek NWS information about extreme
weather risks

Share what | learned today with others

Create or revise plans to deal with extreme
weather events

mVerylikely mSomewhat likely m Unlikely

EM Actions after attending session

Use uncertainty forecasts in your decision-
making

Seek out uncertainty information

Seek NWS information about extreme
weather risks

Share what | learned today with others

Create or revise plans to deal with extreme
weather events

mVerylikely mSomewhat likely = Unlikely




Round Two

= Revision to the tested products

= Second round of focus groups in March for
Frederick and Jefferson Counties

= Two resident sessions and one
emergency manager session
= Held March 15 and 16, 2017




Preliminary Revisions

Probability of Flooding

15-Day Guidance: Sept. 6 — Sept. 21

} Shenandoah River at Millville, WV (MILW2)

Data as of 7:00 AM EST September 6 For offigial forecast, go to hitp//waterweather gov/ahps
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Preliminary Revisions

Probability of Flooding

15-Day Guidance: Sept. 7 — Sept. 22

b Shenandoah River at Millville, WV (MILW2)

Data as of 7:00 AM EST September 7 For official forecast, go to hitp://waterweather.goviahps

OBSERVED ————————————————— FORECAST PERIOD

— observed
— mostlikely
W kely
less likely
least likely

Mingr Flged Level
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Several
examples were
tested in each
scenario,
representing
low, moderate
and higher river
levels




Preliminary Revisions

Better visual clarity on confidence — differentiate
the colors

Improved location details

Consistent logo placement/source of information
Simplified title with time period front and central
Demarcate observed/forecast periods

Reduce extra information that audience does not
need (i.e. discharge shaded to gray)

Revised legend (vertical; changed mean to
projected, most likely to most probable; removed
percentages)

Shorter time period (week)

River level instead of stage

Major, moderate and minor levels are color coded
to AHPS and clearly labeled




Feedback from Round 2:

» Add % level for probability! (emergency managers)

» Add similar recorded floods to gage flood lines on
graph (historical comparison)

Change color of observed line to differentiate

Include more info on flood stage vs. local
interpretation

Change colors on graphs based on severity (i.e.,
change shading to show when reaching flood levels)

15-day probability graphic needs improved
readability, deeper color variation

Simpler use of language




Results: Emergency Managers

EM 1 Product Rating

2
m Not at all useful @ mSlightly useful :
Moderately useful m Very useful EM 2 Product Ratmg

m Extremely useful I | ' I I I I

>
m Not at all useful & mSlightly useful
Moderately useful m Very useful
m Extremely useful




Results: Residents

Average Rank 1 Average Rank 2 Product
1.2 2 National Hurricane Cone
2 4.8 AHPS hydrograph
2.8 4.4 Hazardous Weather Outlook
3.4 3.5 WFO Rainfall Forecast
4.2 5 WFO River Flood Watch
4.4 4 WFO Flash Flood Watch
5 4.8 WFO River Flood Warning
6.6 7.4 15 day HEFS

15-day ensemble forecasts were less valuable than other
products to residential audiences. Most said they would prefer 7
day projections.




Resident 1 Actions after attending session

Better understand the uncertainty
associated with flood forecasts
Use uncertainty forecasts in your decision-
making

Seek out uncertainty information

Seek NWS information about extreme
weather risks

Share what | learned today with others

Create or revise plans to deal with extreme
weather events

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

m Very likely mSomewhat likely m Unlikely
Resident 2 Actions after attending session

Better understand the uncertainty —

associated with flood forecasts

Seek NWS information about extrenn e |

weather risks

Share what | learned today with others —

Create or revise plans to deal with extreme
weather events
0% 10% 20% 30% 40% 50% 60% 70% 80%

m Very likely mSomewhat likely = Somewhat unlikely — m Unlikely




Final Testing

= Two webinars with water resource
managers about the HEFS product’s utility
held June 20 and 22, 2017 informed a new
set of revamped products

= Online survey to all participants in August
2017

= 23 participants completed the survey




Survey example: High flow

River Level (1)

Probability of River Levels

15-Day Guidance: Sept. 9 — Sept. 24

Data as of 7.00 AM EST Seplember 9 For forecast river levels, go to hilp /waterwes i ps

minor g i fiely jght Saturday, Sept.10 and Sam Sunday, Sept.11. Please take action now fo secure your property.
Models indicste 8 5% probabilly river levels could reach as high as 24 R This ri is compar i in October 2004.
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Survey questions asked about:
» understanding of information

usefulness of product

actions taken after seeing
product

helpful elements

confusing elements




Survey example: Low flow

Prﬁgat:;il_idty QE,R,iXSrs,L?;eIS # SU rvey queStionS aSked about:
» understanding of information

Data as of 7:00 AM EST September 6 For forecast niver levels, go to hitp//waterweather gov/ahps © Show detailed data

OBSERVED r GUIDANCE PERIOD

—— observed

e usefulness of product

less likely
least likely

actions taken after seeing
product

(§49) ebueyosig
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(" Scale to show flood stage l — observed ----.mean ] 25 - 75% range of probabilty 10- 90% range of probabiity 5 - 95% range of probability
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Survey example: Forecaster’s note and text boxes

Probability of River Levels
15-Day Guidance: Sept. 9 — Sept. 24

Data as of 7:00 AM EST Seplember 9 For forecast river levels, go to hitp /\waterweather gow/ahps @ Show delailed data

Forecasters note: minor to moderate flooding is likely between midnight Saturday, Sept. 10 and 8am Sunday, Sept.11. Please take action now to secure your property.
Medels indicate 5% probability river levels could reach as high as 24 # This river level is comparable to the the flooding that ocurred in October 2004.

OBSERVED ¢ GUIDANGE PERIOD

—— observed

Sunday, Sept. 11, 8am
5% probability river levels less likely
could reach as high 21 ft east likely
Discharge: 27500 CFS

Sunday, Sept. 11, 8am
Most likely river level
15 1t and falling
Discharge: 15000 CFS
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Thu Fri Sat Sun Mon Tue Wed Thu Fri Sal Sun Mon Tue Wed Thu Fri Sat
BAM BAM BAM BAM 2AM BAM aam BAM M fAM 8AM aam 8AM BaM 8AM aam M

TimeDay

[ Scale fo show flood stage - l mean . 25 - 75% range of probability 10 - 80% range of probablity 5 - 95% range of probability
‘How to read this graph | NATIONAL WEATHER SERVICE BALTIMORE MDWASHINGTON DC

Survey questions asked about:
o Usefulness of forecaster’s
note

Influence of forecaster’s note
on decision-making

Usefulness of text boxes

Influence of text boxes on
decision-making




Low flow graphic High flow graphic

RISK OF FLOODING FOR HIGH FLOW

RISK OF FLOODING FOR LOW FLOW GRAPHIC GRAPHIC

m Somewhat high ™ Somewhat low = Verylow
W Very high ®Somewhat high M Neither high nor low B Somewhat low B Verylow

6%

Users could properly interpret their risk
from revised products.




How useful is this product?

Veryuseful Somewhat useful Neutral (neither Somewhat not Not useful at all
useful nor not useful
useful)

m High mLow

How likely are you to use this product?

Extremely likely Somewhat likely Neither likely nor  Somewhat Extremely
unlikely unlikely unlikely

m High = Low




Usefulness of High Flow Product Elements

Range of probable levels
"Most likely" line
Discharge (right axis/side)
River level (left axis/side)
Flood levels

Time period

Percentages

Colors

Legends

Title

'HWII[I

o
x

5% 10% 15% 20% 25% 30% 35%

m Not useful m Useful

Usefulness of Low Flow Product Elements

Range of probable levels
"Most likely" line
Discharge (right axis/side)
River level (left axis/side)
Flood levels

Time period
Percentages

Colors

Legends

Title

o IIII

2
X

5% 10% 15% 20% 25% 30% 35%

m Not Useful m Useful




Usefulness of Forecaster Note and Text
Box

Extremely useful  Very useful Moderately Slightly useful  Not at all useful
useful

M Forecaster M Text

Influence on Decision-Making

To averylarge To alarge extent To a moderate To a small extent Not at all
extent extent

M Forecaster M Text

What does this mean for
us as risk communicators?

People favor direct, plain
spoken communication
from trusted sources?

We’ve seen this in
previous studies...




Emergency Briefings: Connecting to the forecaster

J—

. vaou are hemg asked to evacuate a coastal Ic ate and local officials,
please do so.
il f .ou are reEuctant to evacuat who rode out the ‘62 storm

ove th|nk about the emergency
able to reach you when you make the panicked phone call
ou rescue/recovery teams who will rescue you if you are
- remains if you do not survive.
us storm. There will be major property damage,
ble, but the goal is zero fatalities.
1e storm is over-hyped and exaggerated, please err on the side of
ion. You can call me up on Friday (contact information is at the end of this
briefing) and yell at me all you want.
* | will listen to your concerns and comments, but | will tell you in advance, | will be
very happy that you are alive & well, no matter how much you yell at me.
¢+ Thanks for listening.
* Gary Szatkowski — National Weather Service Mount Holly
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Briefings:

Inclusion of a “Personal Plea” was highly motivational

Briefings can convey tone, and prioritize risk

Briefings should be reserved for high-impact events

NOAA is the authoritative source for information, but residents expect and want
to receive weather information from local municipal officials and EMS




Socialscience.focusonfloods.org

WM FOCUS ON FLOODS

GENTER SOCIAL SCIENCE

Heme About Resources

The National Weather Service quws)
offers many flood forecast and warning tools that
individuals can use during a predicted flood event. From
tools that allow users to monitor projected river heights to
flood inundation maps that show which areas in the
community will be underwater during floods, the capability
and accuracy of flood forecasting has increased
dramatically in recent years. Despite this, many people
still fail to understand and respond properly to flood
forecasts and warnings issued by NWS.

Beyond technological advances in forecast lead-time and
accuracy already achieved, what else can NWS do to
improve its flood forecast and warning tools so they better
motivate flood preparedness and warning response? In
partnership with Nurture Nature Center
(nurturenaturecenter org), NWS is undertaking a social
science research study in the four-state Delaware River
Basin. The study will ask individuals living in flood-
affected communities to participate in focus group
interviews to help answer two questions:

* How do people living in the
Delaware River Basin use NWS
flood forecast and warning tools in
understanding their flood risk?

« How can these tools be
improved so they better motivate
flood preparedness and warning
response?

Reports and Findings.

“Given the frequency and intensity
of flooding not only in this region,
but across the country, improving
how people prepare for flooding is
critical to reducing losses," said
NNC Director Rachel Hogan Carr.
“This project provides an excellent
opportunity to help NWS
understand how the public uses its
flood forecast and warning tools,
and what further refinements
might improve public
preparedness as people respond
to news of impending flood
events.”

Nurture Nature Center, Inc_ is
a non-profit organization in
Easton, Pennsylvania, with a
focus on flooding issues.
NNC's social science
project, “Flood Risk and
Uncertainty: Assessing the
National Weather Service's
Forecast and Warning
Tools"” supports NOAA's
new Weather-Ready Nation
initiative, designed to help the
nation become better
equipped to prepare for and
respond to weather events.

For more information
see our published articles in:

BAMS September 2016 —

“Effectively Communicating Risk and
Uncertainty to the Public: Assessing the
NWS’s Flood Forecast and Warning
Tools.” Carr et al.

WCAS October 2016 —

‘Motivating Action under Uncertain
Conditions: Enhancing Emergency
Briefings during Coastal Storms.” Carr
etal.




Partners:

East Carolina University (current study)

National Weather Service (NWS) Mid-Atlantic River Forecast Center (current study)
(NWS) Mt. Holly, NJ Weather Forecast Office (past study)

(NWS) Binghamton, NY Weather Forecast Office (past study)

(NWS) Sterling, VA Weather Forecast Office (current study)

RMC Research Corporation (evaluators on previous studies)
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