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Abstract

The Cone of Uncertainty, a popular National Hurricane Center (NHC) graphic,
communicates the possible deviations from the forecasted track of a tropical
system’s center. The deviations are determined by using historical forecast errors
from the previous five hurricane seasons, resulting in a cone that does not change in
width with each NHC advisory. Because this behavior does not reflect the variability
of forecasting tropical cyclone tracks, the NHC 1s considering a redesign that
integrates model data with each advisory, creating a cone that can expand and
contract in width. To investigate how clear this behavior 1s to the public, a focus
group study involving 124 participants was conducted during the summer of 2022.
These participants were split up into four groups of 31 people with one group using
the current cone and three other groups using differing cone widths to analyze a
storm simulation. In this five-day simulation, participants described their levels of
concern at three locations as a fictional storm approached the U.S. East Coast. After
a qualitative analysis of these descriptions, the results suggest that people’s levels of
concern for the storm were not hindered by the implementation of various cone
widths. Additionally, when asked how the cone was constructed, every participant
already believed that the cone was built using current weather information and
models. These conclusions suggest that, in their next redesign, the NHC could
implement a model-dependent cone that properly communicates the variability of
the track forecast to the public.

Methodology

This study recruited citizens across the United States, with an emphasis on the
Southeastern US coastline, to participate in a study on the cone of uncertainty and
how modified cones would impact participant’s intuition on a hypothetical tropical
cyclone event. An online survey was conducted 1n late-May to early-June of 2022 to
which 895 people responded to. Out of this respondent pool, 124 people were chosen
to participate in
focus groups 1n mid-June
through mid-July. These
groups were broken up
into 4 sub-groups with 4
different cone variations
(current/control, wide,
narrow, and mixed).
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as White or Caucasuion;
3.2% 1dentifying as
African American or Black; 3.2% 1dentifying as Biracial; 2.4% 1dentifying as
Hispanic or Latino or Latina; and 1.6% 1dentifying as American Indian, Alaska
Native, or Native American. Additionally, 33.1% of participants indicated having a
federal income tax rate of 10-12%, 58.9% indicated a tax rate of 22-24%, and 8.9%
indicated a tax rate of 32-37%. Lastly, the educational result showed that 3.2%
identified as having a high school diploma or equivalent; 16.9% identified as having
an associate degree, some college, or trade school; 79.0% 1dentified as having at
least a 4-year bachelor degree/equivalent or higher. While stratified sampling was
used to attempt to achieve more diverse opinions, the highly skewed demographics
are the result of a low commitment rate among minority groups.

Cone Modification Designs

To assess the public’s perception of a model-based cone, which would be able to
change sizes (Majumdar et. al 2010), three cones of various widths were created.
Participants in Group 1 were exposed to the control condition: the NHC cone with
2022 si1ze parameters. Group 2 participants used a wide cone variation which had a
width 1.5 times that of the control condition; in contrast, Group 3 participants used a
narrow cone variation which had a width 0.5 times that of the current graphic. For all
three groups, the size of the cone did not change during the five-day simulation.
Group 4 participants began the simulation by using the wide variation on day 1, the
control condition for days 2 and 3, and the narrow variation on days 4 and 5.

Group 1 Group 2
(Current/Control) (Wide Variation)

ote: The oo.:m contains the probable .umz_ of the mmozﬂ center but does not show .[
the size of the storm. Hazardous conditions can occur outside of the cone. %
MI [ N NY H YO : D>

,EI I| - :ll |
7 Note: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone.
2l v Ry NH ]

P [ MA , .,,3 1 : , [ _ma ,
< “— This is NOT an operational cone graphic... f I R oH . wuw_ cone graphic...
I INhp M m ga”%nhm mw mﬂﬁmog: W At 5 "KNVES 2 W gﬂa% mw mﬂnmog:
m ,

60W 55W

Hurricane Alcatraz Current information: x Forecast positions: Hurricane Alcatraz Current information: x Forecast positions:

Focus Group 1: Day 3 Center location 25.0 N 60.0 W @ Tropical Cyclone (Q Post/Potential TC Focus Group 2: Day 3 Center location 25.0 N 60.0 W @ Tropical Cyclone Q Post/Potential TC
11 AM AST Advisory 3 Maximum sustained wind 115 mph  Sustained winds: D < 39 mph 11 AM AST Adbvisory 3 Maximum sustained wind 115 mph  Sustained winds: D < 39 mph

FSU Meteorology Research Team Movement W at 8 mph S 39-73 mph H 74-110 mph M > 110 mph FSU Meteorology Research Team Movement W at 8 mph S 39-73 mph H74-110 mph M > 110 mph

Potential track area: Watches: Warnings: Current wind extent: Potential track area: Watches: Warnings: Current wind extent:
Vom< 1-3 @ Day 4-5 rop Stm i Il Trop Stm Il Hurri VUQ 1-3 g Day 4-5 10| i Il Trop Stm

Group 3
(Narrow Variation)

. This is ZQ—*B operational cone w«»on... ‘

the storm being portrayed is fictional!

s
JEE—
¢
Mexico
L 83w
Hurricane Alcatraz Current information: x Forecast positions:
Focus Group 3: Day 3 Center location 25.0 N 60.0 W @ Tropical Cyclone Q Post/Potential TC
11 AM AST Advisory 3 Maximum sustained wind 115 mph  Sustained winds: D < 39 mph
FSU Meteorology Research Team Movement W at 8 mph S 39-73 mph H 74-110 mph M > 110 mph

Potential track area: Watches: Warnings: Current wind extent:
( \ Day 1-3 .ﬁ Day 4-5 Trop Stm Il Hurri Il Trop Stm -

ote: The cone contains the probable path of the storm center but does not show S WV ,9&
-

the size of the storm. Hazardous conditions can occur outside of the cone.
v = NH

NY N

. cone
e ./ graphic... the storm being portrayed
N oW s wr is fictional!

11 AM Wed

AM Sun

aitl .
B O
3

,r.“v\..s:nnw ; - T - Oﬂwflﬂoaﬁjg : L L g .,.U J
oW . 85W  8OW T 75W “70W ' G5W 1 60W  55W 50 BsW T sow v . 75W 70w 65W

Hurricane Alcatraz Current information: x Forecast positions: Hurricane Alcatraz Current information: x Forecast positions:

Focus Group 1: Day 2 Center location 24.4 N 56.3 W @ Tropical Cyclone Q Post/Potential TC Focus Group 3: Day 5 Center location 29.8 N 71.3 W @ Tropical Cyclone Q Post/Potential TC
11 AM AST Advisory 2 Maximum sustained wind 75 mph Sustained winds: D <39 mph 11 AM EDT Advisory 5 Maximum sustained wind 130 mph  Sustained winds: D < 39 mph

FSU Meteorology Research Team Movement W at 8 mph $39-73 mph H 74-110 mph M> 110 mph FSU Meteorology Research Team Movement NW at 8 mph S 39-73 mph H74-110 mph M > 110 mph

Potential track area: ~ Watches: Warnings: Current wind extent: Potential track area: ~ Watches: Warnings: Current wind extent:
ﬁVog 1-3 g Day 4-5 10 i Il Trop Stm [ [§ VOm,\ 1-3 g Day 4-5 rop Stm . B Trop Stm

Figure II.
Focus group participants were placed into four groups where they utilized either the current cone, a wide
variation, a narrow variation, or a mixed variation during a five day storm simulation.

The cone width, the independent variable, was 1solated as one of two graphical
clement that changed between the groups and each day of the simulation. The other
clement that changed was the location of the watches and warnings for days 4 and 5
which expanded based on the variance in the track forecast for each group.
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Situational Perceptions

For Day 1: average level of concern at each location separated by cone type For Day 2: average level of concern at each location separated by cone type

1.4 2.06 Location

1.97
1.3 . L1
1.79 L2
1.14 ) 162 - L3
0.97
0.92 1.35
1.23
! 1.07
0.67
0.61
0.73
0.66
Location 05
0.41

Oom:o_ <<_.am Zmﬂ_8<< _ OoL:o_ <<__am Zmﬁ_ﬁoé
Cone Type Implemented Cone Type Implemented

ey
o
1
-
a
1

Average Level of Concern
Average Level of Concern

For Day 3: average level of concern at each location separated by cone type For Day 4: average level of concern at each location separated by cone type
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For Day 5: average level of concern at each location separated by cone type

Figure III.
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Conclusion

This study’s findings suggest that implementing a model-based cone that could
vary 1in width would not significantly interfere with participants’ concern levels,
especially earlier in the storm’s life. This pattern may derive from the majority of
focus group participants believing that the current graphic was constructed with model
data and real-time observations. Although incorrect, this assumption could be
beneficial if a model-based cone 1s introduced since viewers already believe the cone
changes sizes and, as demonstrated by nearly all focus group participants, they
understand that the cone’s width correlates to the uncertainty in the track forecast.
This study also found that, while over a majority of people know the cone’s
purpose 1s to show the track of the eye of the storm, several participants still used the
cone’s perimeter as a demarcation line to determine their levels of concern. This
behavior 1s demonstrated by the average concern score given by participants for
location 3 using the wide cone variant. The pattern suggests that the cone itself has a
correlation with the storm’s damage path, resulting 1n a reactionary-behavior change
that does not always correlate to the situation’s actual danger (Broad et. al 2007).
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