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Background 

•  For most environmental hazards, risk is a 
function of proximity to a hazard source, so 
emergency managers have tried to communicate 
people’s risk using hazard maps.  

•  The level of risk at any given point on the map is 
subject to uncertainties that should also be 
displayed. 

•  How do different representations of uncertainty 
affect people’s inferences about their risk and 
motivation to take protective actions. 
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Background 

•  Some studies have examined uncertainty 
displays for hurricanes and tornadoes. 
>  Hurricane uncertainty cone—uncertainty about the 

storm’s forecast track. 
>  Tornado warning polygon—uncertainty about locations 

at which a tornado might strike. 
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Hurricane Uncertainty Cones 

•  An uncertainty cone depicts the area having a 
67% chance of containing the hurricane track. 
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Background 

•  Broad et al.(2007) concluded from archival 
evidence that some people might be 
misinterpreting uncertainty cone displays. 

•  Meyer et al. (2013) found that  
>  People who saw forecast track displays were more 

concerned and prepared more than those who saw 
uncertainty cone displays 

>  This pattern was found even among those who were 
located farther from the forecast point of landfall.  
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Wu et al. (2014) 

•  Participants viewed eight hurricane tracking 
maps that varied in 
>  Direction: West, Northwest, North, or Northeast 
>  Intensity: Category 1 or Category 4. 

•  Hurricane direction was indicated by 
>  Forecast track only,  
>  Uncertainty cone only, or 
>  Forecast track plus uncertainty cone. 

•  Participants judged the strike probability (ps) in 
each of eight sectors corresponding to the eight 
cardinal and ordinal compass directions. 
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Wu et al. (2014) Results 

•  There were no differences among track 
information conditions (track, cone, track + 
cone). 

•  Participants’ ps judgments were qualitatively 
reasonable (i.e., decreased over distance from 
likely landfall). 

•  These results suggest that people are generally 
not misinterpreting uncertainty cones. 
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Wu et al. (2014) Results 
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Wu et al. (2014) Results 
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Cox et al. (2013) 

•  This experiment tested track ensembles as an 
alternative representation of track uncertainty. 
>  A track ensemble is a representative set of hurricane 

tracks that could potentially occur, given the past 
history of Gulf hurricanes. 

>  Each track is displayed and gradually disappears while 
additional tracks are randomly generated from the 
historical distribution of track directions. 

•  Participants provided ps judgments in eight 
cardinal and ordinal sectors for six hurricanes. 
>  Each participant made judgments using both the 

uncertainty cone and track ensemble displays. 
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Cox et al. (2013) 

•  ps judgments were  
>  highest for the sector in which the concentration of 

tracks was densest or the cone was pointing. 
>  moderately high for sectors perpendicular to the one in 

which the concentration of tracks was densest or the 
cone was pointing, and   

>  low for sectors opposite the one in which the 
concentration of tracks was densest or the cone was 
pointing. 
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Ruginski et al. (2015) 

•  Assigned participants to five display conditions—
track, cone, track + cone, fuzzy cone, and track 
ensemble.  

•  Participants made damage judgments at 12 
locations along two transects defined by the 
hurricane’s expected position 24-hr and 48-hr 
from its current location.  

•  There were some statistically significant, but 
small, differences among the displays, but all 
revealed declining damage judgments with 
distance from the track centerline.  
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Wu et al. (2015, a, b) 

•  DynaSearch is a computer system for studying 
people’s information search strategies in 
dynamic decision tasks. 
>  DynaSearch can display graphics (e.g., maps), tables, 

and text boxes.  
>  Display content is made visible by clicking/holding on 

the desired information element. 
>  DynaSearch is a useful alternative to eye-tracking 

methods because it can be used to conduct Internet 
experiments. 
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DynaSearch Forecast Advisory  
Information Display 
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Note that this user clicked 
the 5-day uncertainty cone.  

A	  HURRICANE	  WATCH	  IS	  IN	  EFFECT	  FROM	  CAMERON	  COUNTY,	  TX	  TO	  OKALOOSA	  COUNTY,	  AL.	  A	  
HURRICANE	  WATCH	  MEANS	  THAT	  HURRICANE	  CONDITIONS	  ARE	  POSSIBLE	  WITHIN	  THE	  WATCH	  
AREA	  GENERALLY	  WITHIN	  36	  HOURS.. 

Category	  3	  
(120	  mph)	  

 



Wu et al. (2015, a, b) 

•  After each information display, participants 
provided ps judgments for six cities around the 
Gulf of Mexico and made protective action 
recommendations for their jurisdictions.  
>  For target cities, ps judgments were high after Forecast 

Advisory 1 and increased. 
>  For adjacent cities, ps judgments were moderate after 

Forecast Advisory 1 and decreased. 
>  For remote cities, ps judgments were low after Forecast 

Advisory 1 and decreased for remote cities. 

•  Protective action recommendations were highly 
correlated (r = .40-.53) with ps judgments. 
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Mean ps for Hurricane A (Brownsville)  
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Protective Action Recommendations  
for Cameron County (Brownsville)  
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Tornado Warning Polygons 
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A tornado warning polygon  
•  Depicts the area that a 

warning meteorologist 
thinks is at risk of being 
struck by a tornado 

•  Is based on expert 
judgment rather than 
historical data. 
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Tornado Warning Polygons 

•  Mason and Senkbeil (2015) asked people to 
describe a warning polygon. 
>  Only 26.3% (10/38) were able to provide a correct 

explanation.  

•  Sherman-Morris and Brown (2012) asked 
participants to identify areas in a warning 
polygon that were likely to be struck.  
>  Respondents tended to judge the area of highest risk to 

be an ellipse located in the center of the polygon 
whose vertices on the semi-major and semi-minor axes 
are approximately equidistant from the polygon’s four 
edges.  
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Sherman-Morris and Brown (2012)  

24 University of Washington Institute for Hazards 
Mitigation Planning and Research 



Nagele and Trainor (2012) 

•  This study surveyed respondents who lived in 
areas that had recently been issued a tornado 
warning. 
>  Being inside the polygon was positively correlated with 

information seeking and sheltering, but was not 
significant in a subsequent regression analysis.  

>  However, protective action was more likely when a 
polygon’s area was less than 50% of the county being 
warned. 
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Ash et al. (2014)  

•  Ash et al. (2014) compared three forms of 
tornado warning polygons. 
>  A standard polygon, which had no internal 

differentiation of risk areas. 
>  A spectral polygon, which was divided into nine regions 

that indicated the highest risk area in dark red, the 
lowest risk area in light blue, and intermediate risk 
areas in corresponding hues of the color spectrum.  

>  A red gradient polygon, which was divided into five 
regions that indicated the highest risk area in dark red 
and the remaining risk areas in increasingly lighter 
shades of red.  
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Ash et al. (2014)  
Three Forms of Polygons 
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Ash et al. (2014) 

•  The standard polygon 
>  Elicited the highest overall ratings of fear and protective 

action, especially in a small area at the centroid. 
>  There was a sharp decline in both DVs near the edges.  

•  The spectral and red gradient polygons 
>  Had much larger areas of high ratings for both DVs and 

these were located close to the storm front in the 
polygon.  

>  Had DV ratings that tended to decline more gradually 
toward the outer contour than did the standard polygon.  
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Ash et al. (2014) Results 
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Lindell et al. (2015) Experiment 

•  Participants viewed 15 tornado polygons that 
varied in their proximity to their location.  
>  ps judgments were highest at the polygon’s centroid 

and declined in magnitude at the edge. 
>   ps judgments were lower just outside the polygon than 

just inside and were lower still farther away. 

•  ps judgments were  
>  strongly correlated with adaptive protective actions 

such as seeking information from social sources and 
sheltering in-place (r = .35-.65), but  

>  not significantly correlated with maladaptive actions (r 
= .12 with going outside to observe and also r = .12 
with evacuation). 
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Lindell et al. (2015) 
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Overall Conclusions 

•  People can infer more differentiated 
representations of risk from a dichotomous 
display (uncertainty cone or warning polygon) 
than is actually depicted in it. 
>  The hurricane studies generally showed that people not 

only provided nonzero ps estimates outside the 
uncertainty cone boundaries; they provided estimates 
that declined with distance from it. 

>  The tornado studies generally showed that people not 
only provided higher ps estimates inside the figure 
boundaries; they provided estimates that decreased 
laterally away from the centroid. 
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Overall Conclusions 

•  More generally, these studies suggest that 
people evaluate graphical uncertainty displays 
using a distance-decay heuristic. 
>  This generates a perceived risk gradient (Lindell and 

Earle 1983) in which ps judgments decrease with 
distance from the expected impact location (also see 
Montello, Fabrikant, Ruocco and Middleton 2003, for a 
discussion of the distance similarity metaphor).  

•  In addition, some of these studies, together with 
others (see Huang et al., in press), indicate that 
expected and actual protective actions are 
correlated with ps judgments.  
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Overall Conclusions 

•  However Nagele and Trainor (2012), together 
with other post-impact surveys dating back to 
Mileti and Beck (1975) and Perry et al. (1981), 
suggest caution in applying these results. 
>  There can be a major difference between reactions to a 

single graphic display and the totality of information 
encountered between the first warning and protective 
action implementation. 

•  Moreover, research is needed to determine if 
these results also apply to floods and lahars—
hazards in which topographical features affect 
the geographical risk.  
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Questions? 
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