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A. PROJECT	GOALS	AND	OBJECTIVES:	
	

This	 project	 seeks	 to	 collect,	 analyze,	 and	 model	 microdata	 on	 informed	 evacuation	
behavior	within	coastal	communities	in	the	tri-state	areas	impacted	by	Hurricane	Sandy.		
	
Our	main	hypothesis	is	that	there	is	an	efficient	mix	of	warnings	–	type	of	information	and	
media	–	that	will	encourage	people	to	quickly	enact	their	evacuation	plans.	Thus,	the	goal	of	
this	project	 is	to	enhance	our	knowledge	about	the	opportunity	to	exploit	social	media	to	
support	 evacuation,	 while	 addressing	 heterogeneity	 in	 the	 processes	 of	 making	 and	
updating	evacuation	decisions.	We	basically	 expect	 to	 identify	 the	best	 tools	 for	enacting	
safe	and	effective	evacuation	plans,	 including	the	opportunities	associated	with	the	use	of	
social	media.	
	
More	 specifically,	 we	 will	 design	 a	 web-based	 survey	 instrument	 to	 collect	 detailed	
information	about	 awareness,	 preparedness,	 evacuation,	 and	 survival	 to	weather	hazards	
from	 households	 in	 coastal	 communities	 of	 New	 Jersey,	 New	 York,	 and	 Connecticut	 to	
achieve	the	following	research	objectives:	
	
1. Build	novel	methods	for	both	presenting	and	generating	new	data	using	discrete	choice	

experiments	 of	 behavioral	 response	 to	 storm	 hazards.	 Hypothetical	 storms	 and	
preventive	information	need	to	be	presented	in	a	way	that	is	realistic	to	the	individual.	
An	additional	challenge	is	to	account	for	events	that	present	an	uncertain	evolution	in	
time.	 The	 media	 used	 to	 convey	 and	 visualize	 information	 is	 key	 for	 addressing	 the	
dynamics	of	weather	hazards.	Thus,	we	will	control	for	different	media	in	a	web-based,	
customized	 survey.	 We	 will	 also	 combine	 intended	 actions	 with	 actual	 evacuation	
behavior	during	hurricane	Sandy.	

2. Construct	 stochastic	 models	 of	 evacuation	 behavior.	 We	 will	 identify	 the	 causal	
relationship	between	probabilistic	measures	of	evacuation	behaviors	(when,	where,	and	
how	to	evacuate)	and	a	complete	set	of	explanatory	variables	such	as	attributes	of	the	
dynamic	 predictions	 of	 weather	 conditions	 (e.g.	 storm	 intensity)	 and	 coastal	 impacts	
(e.g.	 flood	 risks),	 risk	 measures	 and	 attitudes	 toward	 risk	 (e.g.	 evacuation	 orders),	
network	 effects	 (e.g.	 evacuation	 behavior	 by	 neighbors	 and	 friends,	 social	 media	
reports),	 and	 socioeconomic	 characteristics	 of	 the	 household	 (e.g.	 region,	 distance	 to	
shoreline,	demographics,	and	lifestyle	and	values).	

3. Derive	 robust	estimates	of	evacuation	probabilities	 for	heterogeneous	 individuals	as	a	
concrete	measurement	of	the	impact	of	differing	types	of	storm-related	risk	information	
and	 information	 outlets	 (social	 media)	 on	 evacuation	 behavior.	 Credible	 sets	 will	 be	
used	to	account	for	uncertainty	in	the	determination	and	prediction	of	the	probabilistic	
measures	of	evacuation	behaviors.		

4. Design	 effective	 evacuation	 communication	 tools	 and	 policies	 accounting	 for	 the	
differing,	uncertain	 response	of	coastal	 communities.	Using	 the	evacuation	predictors,	
behavioral	forecasts,	and	empirical	evidence	we	expect	to	elucidate	the	factors	that	will	
encourage	 safe	 evacuation.	 We	 also	 expect	 to	 determine	 the	 mix	 of	 most	 effective	
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information	 tools	 and	 outlets	 for	 better-informed	 decisions	 in	 response	 to	 storm	
hazards.	

	
	

B. RESULTS:		(Summarize	the	results/findings	relative	to	each	of	the	project	goals	and	
objectives.		Highlight	outstanding	accomplishments,	outreach	and	education	efforts;	
describe	problems	encountered	and	explain	any	delays.)	
	
Milestones	
• Pretest:	N	=	158	adult	individuals	living	in	the	New	York	City	Metropolitan	Area.	Started	

in	June	19,	2014;	Completed	in	June	21,	2015.		
	

• Final	survey	design:	Based	on	the	results	of	the	pretest,	the	original	survey	was	revised.	
The	final	version	of	the	survey	was	completed	in	early	October,	2014.	

	
• Final	data	collection:	N	=	619	adults	living	in	the	coastal	tri-state	area	(New	York,	New	

Jersey,	and	Connecticut).	Started	in	October	28,	104;	Completed	in	March	2,	2015	
	

Questionnaire	Format	
	
The	questionnaire	consisted	of	two	main	parts.	Part	one	included	questions	broadly	related	
to	participants’	experiences	during	Hurricane	Sandy	and	general	perceptions	of	hurricanes,	
including	 impacts	 they	 may	 have	 experienced,	 social	 support	 they	 received,	 risk	
perceptions,	 attitudes	 toward	 hurricane-related	 information,	 and	 perceptions	 of	
responsibility	of	various	social	actors	(see	below	for	specific	measures).	Part	two	consisted	
of	 an	 experimental	 section	 in	 which	 participants	 were	 presented	 information	 about	 a	
hypothetical	 hurricane,	 including	 its	 intensity	 and	 predicted	 path,	 and	 asked	 a	 series	 of	
questions	about	their	intended	behavior.	A	final	section	of	the	questionnaire	included	basic	
demographic	measures	and	questions	about	other	individual	characteristics.		
	
Measures.	Most	measures	in	part	one	of	the	questionnaire	came	from	existing	literature	in	
risk	 communication	 and	 natural	 hazard	 decision-making;	 specifically,	 several	 items	 were	
adapted	from	recent	applications	of	the	Protective	Action	Decision	Model	(PADM)	(Lindell	&	
Perry,	 2012)	 and	 the	 Risk	 Information	 Seeking	 and	 Processing	 model	 (RISP)	 (Griffin,	
Dunwoody,	&	Yang,	2012;	Griffin,	Yang,	ter	Huurne,	Boerner,	Ortiz,	&	Dunwoody,	2008).		

	
Individual	 characteristics.	 Demographic	 characteristics	 measured	 included	 age,	 sex,	 and	
race/ethnicity	 [White/Non-White?].	 In	 addition,	 we	 measured	 other	 individual	
characteristics	often	associated	with	natural	hazard-related	preventive	behavior,	including:	
(1)	length	of	time	in	current	home;	(2)	whether	the	participant	or	a	close	other	(e.g.,	family	
member)	 had	a	disability	 or;	 (3)	 the	obligation	 to	 care	 for	 pets;	 (4)	 the	primary	 language	
spoken	 (English,	 Spanish,	 or	 other);	 (5)	 level	 of	 education;	 (6)	 employment	 status;	 (7)	
relationship	 status;	 (8)	 homeownership;	 (9)	 political	 orientation;	 and	 (10)	 whether	 the	
participant	had	children.	
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Pretest	
	
In	the	summer	of	2014,	we	surveyed	a	diverse	sample	of	N	=	158	residents	 living	 in	areas	
that	were	directly	impacted	by	Sandy	and	its	devastating	storm	surge	(the	greater	New	York	
metropolitan	 area).	 In	 the	 25-minute	 survey,	 cognitive,	 emotional,	 and	 behavioral	
responses	 to	 information	 about	 extreme	 weather	 events	 was	 collected.	 In	 fact,	 the	
instrument	was	designed	to	cover	a	thorough	set	of	dimensions	that	we	identified	as	critical	
to	 evacuation	 decisions,	 including	 pre-awareness,	 experience,	 behavioral	 influence,	 risk	
perceptions,	 affect,	 evacuation	 intentions,	 preventive	 actions,	 channel	 beliefs,	 source	
credibility,	attribution	of	responsibility,	and	social	networks.	In	particular,	information	about	
a	hypothetical	storm	was	conveyed	using	NOAA	Track	Forecast	Cones.	3-day	Track	Forecast	
Cones	represent	the	probable	track	of	the	center	of	a	storm.	Information	on	the	maps	also	
includes	time	to	 landfall	and	maximum	sustained	winds.	Respondents	were	asked	a	set	of	
questions	for	four	maps	randomly	chosen	from	Track	Forecast	Cones	for	84,	72,	57,	48,	36,	
30,	 and	 6	 hours	 to	 landfall.	We	note	 that	 48	 hours	 is	 a	 standard	 threshold	 for	 beginning	
evacuation;	36	hours	is	considered	optimal	clearance	time;	30	hours	coincides	with	the	first	
evacuation	 order	 for	 Sandy;	 and	 6	 hours	 is	 considered	 the	 last	 safe	 possible	 evacuation	
time.	For	each	map	respondents	were	asked	 to	 rate	on	a	Likert	 scale	 the	perceived	harm	
and	threat	that	the	depicted	forecast	could	cause	to	him	or	her,	his	or	her	family,	and	his	or	
her	local	community.	To	take	into	account	social	norms,	respondents	were	also	asked	about	
their	beliefs	regarding	their	family	or	friends	wanting	them	to	evacuate	to	safer	area	given	
the	 information	provided	 in	each	map.	Perceived	capability	of	evacuating	was	also	asked.	
Finally,	given	the	information	on	each	map	we	asked	the	respondents	about	their	concrete	
plans	to	evacuate	to	a	safer	area.	

	
Risk	communication	scholars	are	increasingly	interested	in	the	message	factors	that	shape	
the	 public’s	 response	 to	 severe	 storm	 warnings.	 Only	 recently,	 however,	 have	 scientists	
begun	to	study	the	influence	of	the	name	given	to	the	storm	itself,	as	when	female-named	
storms	are	perceived	as	less	risky	than	their	male-named	counterparts	(Jung	et	al.,	2014).	In	
this	 vein,	we	 conducted	 an	experiment	 to	 assess	whether	describing	 a	 severe	 storm	as	 a	
“hurricane”	or	 “superstorm”—monikers	 that	were	commonly	employed	 in	news	coverage	
of	 Sandy—might	 similarly	 shape	 risk	 perceptions	 among	 the	 storm-vulnerable	 public.	
Depending	 on	 condition,	 respondents	 were	 asked	 to	 recall	 how	 severe	 they	 believed	
“Hurricane	 Sandy”	 or	 “Superstorm	 Sandy”	was	 going	 to	 be	 before	 the	 storm	hit.	 Greater	
severity	judgments	were	reported	when	Sandy	was	described	as	a	“superstorm”	rather	than	
a	“hurricane”	among	individuals	who	were	more	directly	impacted	by	the	actual	event	(e.g.,	
who	experienced	a	personal	loss	or	storm	surge	during	Sandy)	(interaction	F	(3,152)=4.97,	p	
=	.03).	Overall,	results	reiterate	the	importance	of	attending	to	storm	message	factors	that	
are	seemingly	innocuous	and	driven	largely	by	aesthetic	considerations,	such	as	the	name	of	
a	 storm,	 which	 may	 nevertheless	 sway	 risk	 perceptions	 and	 possibly	 impact	 important	
downstream	behaviors	(e.g.,	the	decision	to	evacuate).		
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Final	Survey	Design	
	
After	analyzing	the	results	of	the	pretest,	some	changes	to	survey	were	made.	Some	of	the	
questions	were	revisited,	while	keeping	the	basic	structure	covering	the	same	dimensions	of	
pre-awareness,	 experience,	 behavioral	 influence,	 risk	 perceptions,	 affect,	 evacuation	
intentions,	 preventive	 actions,	 channel	 beliefs,	 source	 credibility,	 attribution	 of	
responsibility,	and	social	networks.	The	most	 important	change	was	the	addition	of	a	new	
experimental	design.		
	
The	new	experiment	was	based	on	a	 time-dependent	discrete	choice	experiment.	 In	 this	
discrete	choice	experiment,	we	used	the	following	attributes:	category	of	the	storm	(1,2,	or	
3),	storm	surge	hazard	(moderate,	high,	extreme),	and	evacuation	order	 (none,	voluntary,	
mandatory).	A	 full	 factorial	 design	was	 considered,	which	was	 then	divided	 in	 two	blocks	
(Tables	 1	 and	 2).	 	 Scenarios	 from	 each	 block	 of	 the	 full	 factorial	 design	 were	 randomly	
chosen	to	describe	the	dynamic	evolution	of	 two	hypothetical	 storms	at	5	different	 times	
before	expected	landing,	namely	48,	36,	24,	12,	and	6	hours	to	the	expected	landfall.	For	a	
given	 storm	 and	 random	 scenario	 at	 time	 t,	 the	 respondent	 was	 asked	 about	 his	 or	 her	
evacuation	 likelihood.	The	experiment	 for	 that	hypothetical	storm	stopped	as	soon	as	the	
responded	chose	 to	evacuate.	The	experiment	otherwise	continued	with	another	 random	
scenario	 (without	 repetition)	 at	 the	 following	 time.	 If	 a	 respondent	 chose	 to	 evacuate	 at	
time	48	for	the	two	hypothetical	storms	presented,	a	third	hypothetical	storm	was	created	
from	the	second	block.		
	
	

Scenario	ID	
Category	 Storm	Surge	

Evacuation	
Order	

HS1.1	 1	 Moderate	 None	
HS1.2	 1	 High	 None	
HS1.3	 1	 Extreme	 None	
HS1.4	 1	 Moderate	 Voluntary	
HS1.5	 1	 High	 Voluntary	
HS1.6	 1	 Extreme	 Voluntary	
HS1.7	 1	 Moderate	 Mandatory	
HS1.8	 1	 High	 Mandatory	
HS1.9	 1	 Extreme	 Mandatory	
HS1.10	 2	 High	 None	
HS1.11	 2	 Extreme	 None	
HS1.12	 2	 High	 Voluntary	
HS1.13	 2	 Extreme	 Voluntary	
HS1.14	 2	 Extreme	 Mandatory	

Table	1:		First	block	of	the	full	factorial	design	of	the	discrete	choice	experiment	
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Scenario	ID	
Category	 Storm	Surge	

Evacuation	
Order	

HS2.1	 2	 Moderate	 None	
HS2.2	 2	 Moderate	 Voluntary	
HS2.3	 2	 Moderate	 Mandatory	
HS2.4	 2	 High	 Mandatory	
HS2.5	 3	 Moderate	 None	
HS2.6	 3	 High	 None	
HS2.7	 3	 Extreme	 None	
HS2.8	 3	 Moderate	 Voluntary	
HS2.9	 3	 High	 Voluntary	
HS2.10	 3	 Extreme	 Voluntary	
HS2.11	 3	 Moderate	 Mandatory	
HS2.12	 3	 High	 Mandatory	
HS2.13	 3	 Extreme	 Mandatory	

Table	2:		Second	block	of	the	full	factorial	design	of	the	discrete	choice	experiment	
	
Each	 storm	was	 introduced	with	 the	 following	 text:	 “Suppose	 now	 that	 a	 new	 storm	has	
formed.	Suppose	that	you	have	subscribed	to	a	hurricane	text	alert	service.	The	text	alert	
will	provide	information	about	the	hurricane	category,	storm	surge	hazard,	and	whether	a	
voluntary	or	mandatory	evacuation	order	has	been	issued.”	
	
The	 texts	 alerts	mimicked	 a	 text	message	 received	 in	 a	 smartphone.	 Figure	 1	 shows	 two	
examples	of	the	experimental	scenarios	as	seen	by	the	respondents.	
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Figure	1:	 Evolution	of	 a	hypothetical	 storm	 in	discrete	 time	 intervals,	presented	as	a	 text	
alert	in	a	smartphone	
	
	
Final	Data	Collection	
	
Below	we	present	summary	statistics	of	the	final	survey.	
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Figure	2	shows	the	households	of	the	sample	are	located	in	the	tri-state	area.	Stars	are	the	
respondents	who	evacuated,	and	dots	are	those	who	did	not.		
	

	
	
Figure	2:	Final	Sample	
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Figure	3	presents	the	location	of	respondents	in	NY.	
	

	
Figure	3:	Location	of	respondents	in	the	NYC	Metro	Area.	

 
Below	we	 summarize	 the	 different	measures	 that	 were	 collected	 in	 the	 survey.	We	 also	
show	a	table	that	summarizes	the	results	of	these	measures.	
	
Protective	 action	 perception.	 We	 measured	 protective	 action	 perception	 through	 both	
hazard-related	 attributes	 (i.e.,	 the	 extent	 to	 which	 an	 individual	 perceives	 a	 particular	
response	 as	 effective	 in	 mitigating	 a	 hazard)	 and	 resource-related	 attributes	 (i.e.,	 the	
perceived	cost,	 time,	skills,	etc.	needed	to	enact	a	given	response)	 (Lindell	&	Perry,	2012;	
Terpstra	 &	 Lindell,	 2012).	 In	 particular,	 we	 gauged	 hazard-related	 attributes	 with	 three	
questions	(e.g.,	“Thinking	about	a	future	hurricane	event,	how	effective	would	the	following	
preparations	be	for	ensuring	your	own	safety?”),	with	each	question	asked	in	relation	to	a	
series	of	 six	 actions	 (e.g.,	 “purchasing	 flood	 insurance”);	 response	 categories,	which	were	
slightly	different	based	on	the	wording	of	each	question,	were	measured	on	5-point	scales	
and	ranged	from	(1)	not	at	all	useful	(effective)	to	(5)	extremely	useful	(effective).	Resource-
related	 attributes	 were	 measured	 with	 three	 questions	 (e.g.,	 “Given	 your	 income	 and	
personal	expenses,	how	affordable	would	the	following	preparations	be?”)	using	the	same	
series	of	six	actions,	measured	on	5-point	scales	ranging	from	(1)	not	at	all	(able,	affordable,	
difficult)	to	(5)	extremely	(able,	affordable,	difficult).	A	fourth	question	gauging	the	amount	



 11 

of	help	the	participant	perceived	s/he	would	need	to	enact	each	action	used	a	4-point	scale,	
ranging	from	(1)	none	to	(4)	a	lot.		
	
Risk	 judgment.	 Risk	 judgment	 consisted	 of	 two	 sets	 of	 measures:	 (1)	 the	 perceived	
likelihood	 that	“a	storm	 like	Sandy”	will	harm	various	groups	 ranging	 from	“you	and	your	
family”	 to	 “the	 U.S.	 East	 Coast”	 (4-point	 scales	 ranging	 from	 (1)	 very	 unlikely	 to	 (6)	
extremely	likely),	and	(2)	the	perceived	severity	of	the	threat	to	these	groups	(6-point	scales	
ranging	from	(1)	not	at	all	serious	to	(6)	extremely	serious)	(Zhao,	Leiserowitz,	Maibach,	&	
Roser-Renouf,	 2011).	 Product	 terms	 were	 created	 based	 on	 these	 two	 dimensions	 and	
averaged	into	an	index	to	assess	risk	judgment.	
	
Affect.	 Following	Terpstra	 (2011),	we	used	an	open-ended	question	 to	ask	participants	 to	
describe	the	feelings	that	come	to	mind	when	thinking	about	“a	storm	like	Sandy.”		
	
Information	sufficiency.	Based	on	applications	of	 the	RISP	model	 (Griffin	et	al.,	2008),	we	
measured	perceived	knowledge	about	storm	surge	using	a	scale	from	0-100,	where	0	meant	
knowing	 nothing	 and	 100	meant	 knowing	 everything	 the	 participant	 could	 possibly	 know	
about	 storm	surge.	Using	 the	 same	scale,	we	measured	 information	 sufficiency	 threshold,	
where	0	meant	 the	participant	believed	s/he	did	not	need	to	know	anything	about	storm	
surge	and	100	meant	the	participant	needed	to	know	everything	s/he	could	possibly	know.		
	
Informational	 subjective	 norms.	 Following	 Yang	 and	 Kahlor	 (2013),	 we	 measured	
informational	subjective	norms	with	three	items	on	6-point	scales	from	strongly	disagree	(1)	
to	strongly	agree	(6)	depicting	perceptions	of	others’	expectations	about	one’s	own	level	of	
hurricane	knowledge	(e.g.,	“My	friends	expect	me	to	know	something	about	hurricanes”).	
	
Information	 gathering	 capacity.	 Participants’	 perceived	 ability	 to	 collect	 and	 interpret	
information	about	hurricanes	was	measured	with	four	items	on	6-point	scales	ranging	from	
strongly	disagree	 (1)	 to	 strongly	agree	 (6)	 (e.g.,	 “I	 can’t	make	 sense	of	 information	about	
hurricanes”).		
	
Attitude	 toward	 learning	 about	 hurricanes.	 Adapting	 Kahlor	 (2007),	 we	 assessed	
participants’	attitude	toward	 learning	about	hurricanes	by	asking	them	to	 indicate	on	a	6-
point	 scale	 from	 1	 (strongly	 disagree)	 to	 6	 (strongly	 agree)	 the	 extent	 to	 which	
“understanding	 the	 risks	 posed	 by	 hurricanes”	 is	 seen	 as	 useful,	 beneficial,	 wise,	 and/or	
valuable.	
	
Source	 credibility.	 Following	 Trumbo	 and	 McComas	 (2003),	 we	 gauged	 participants’	
perceived	credibility	of	seven	sources/channels	for	information	about	hurricane	evacuation,	
ranging	 from	 “friends,	 relatives,	 and	 neighbors”	 to	 “The	 Weather	 Channel.”	 For	 each	
source/channel,	 participants	 responded	 to	 a	 series	 of	 four	 items	 using	 6-point	 semantic	
differential	scales	(e.g.,	“can	be	trusted/cannot	be	trusted”).	An	additional	 item	measured	
the	extent	 to	which	 the	source/channel	 influenced	 (or	did	not	 influence)	 the	participant’s	
evacuation	decision	during	Hurricane	Sandy	(Arlikatti,	Lindell,	Prater,	&	Zhang,	2006).		
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Hurricane	experience.	One	question	targeted	participants’	past	experience	with	hurricanes	
other	 than	 Sandy,	 including	 three	 items	 adapted	 from	 Trumbo,	 Lueck,	Marlatt,	 and	 Peek	
(2011)	 (e.g.,	 “how	 many	 hurricanes	 have	 you	 been	 in?”).	 Additionally,	 seven	 questions	
asked	specifically	about	experience	during	Hurricane	Sandy,	including:	where	the	individual	
lived	during	the	storm	(e.g.,	whether	an	evacuation	order	was	in	place),	evacuation	decision	
and	satisfaction	with	this	decision	[CITE],	personal	losses,	and	recollections	about	the	storm	
(e.g.,	meteorologists’	predictions	about	storm	surge).		
	
Social	 support.	Perceived	relationship	satisfaction	with	a	series	of	six	actors	 (e.g.,	 spouse,	
extended	 family)	 was	 measured	 on	 six-point	 scales	 from	 1	 (very	 dissatisfied)	 to	 6	 (very	
satisfied),	 including	a	“not	applicable”	category.	Additionally,	we	measured	the	amount	of	
support	received	during	Hurricane	Sandy	from	each	of	these	six	actors	on	a	scale	of	1	(none)	
to	4	(a	lot),	including	“not	applicable”	(Glass,	Flory,	Hankin,	Kloos,	&	Turecki,	2009).		
	
Attribution	 of	 responsibility.	 To	 provide	 a	 realistic	 scenario	 to	 which	 participants	 could	
react,	we	presented	a	brief	narrative	describing	the	experience	of	Joe	and	Janice	Perkins,	a	
hypothetical	Staten	Island	couple,	during	Hurricane	Sandy.	The	story	was	constructed	based	
on	a	review	of	media	coverage	of	New	York,	New	Jersey,	and	Connecticut	residents’	post-
Sandy	 experiences.	 After	 reading	 the	 narrative,	 participants	 rated	 the	 importance	 of	 ten	
potential	 causal	 factors	 (e.g.,	 decisions	 or	 actions	 of	 local	 officials,	 environmental	
conditions)	for	determining	what	happened	to	Joe	and	Janice	using	five-point	scales	ranging	
from	(1)	not	at	all	responsible	to	(5)	extremely	responsible.	An	accompanying	free-response	
question	asked	participants	to	describe	why	they	answered	the	way	they	did.		
	
Two	 additional	 questions,	 with	 items	 adapted	 from	 Ben-Porath	 and	 Shaker	 (2010)	 and	
measured	on	6-point	scales	from	(1)	strongly	disagree	to	(6)	strongly	agree,	further	gauged	
participants’	 attribution	 of	 responsibility	 for	 the	 impacts	 of	 Hurricane	 Sandy.	 Specifically,	
seven	items	measured	perception	of	government	and	other	institutions’	responsibility	(e.g.,		
“The	federal	government	did	as	good	a	 job	as	 it	could	 in	responding	to	Hurricane	Sandy”)	
and	six	 items	measured	perception	of	 individuals’	 responsibility	with	respect	to	the	storm	
and	its	aftermath	(e.g.,	“People	who	did	not	heed	the	evacuation	orders	are	responsible	for	
what	happened	to	them”).		
	
Behavioral	intention.	On	a	7-point	scale	from	(1)	very	unlikely	to	(7)	very	likely,	where	(4)	
meant	 “undecided,”	 participants	 indicated	 the	 extent	 to	 which	 they	 would	 be	 likely	 to	
evacuate	 if	a	 storm	with	 the	same	 intensity	as	Hurricane	Sandy	were	predicted	 to	 impact	
their	area	next	week.			
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Summary Statistics: Key Concepts 
 

Concept Measures M SD 
 

External (Societal) 
Responsibility 

(1-6 scale) 
α = .64 

 
 
 

The federal government did as good a job as it could 
in responding to Hurricane Sandy. 

3.59 1.40 

My state government should have done more to help 
evacuate people from Hurricane Sandy (reverse 
coded). 

3.55 1.33 

No level of government should be held accountable 
for what happened to the people affected by 
Hurricane Sandy in your state. 

3.23 1.43 

All levels of government did all they could to aid the 
Hurricane Sandy relief efforts in your state.  

3.47 1.39 

First responders (fire, police, and EMS personnel) did 
all they could to save people from rising floodwaters 
during Hurricane Sandy. 

4.98 1.06 

My local and state government did not convey to me 
the severity of the risks posed by Hurricane Sandy 
(reverse coded). 

4.16 1.34 

TV media conveyed to me the severity of the risks 
posed by Hurricane Sandy 

4.42 1.17 

 
Individual 

Responsibility  
(1-6 scale) 
α = .75 

 
 

People who did not heed the evacuation orders are 
responsible for what happened to them. 

4.46 1.20 

Most people who remained in an evacuation zone 
after the evacuation orders did so because they could 
not leave on their own (reverse coded). 

3.95 1.23 

The people who remained in an evacuation zone after 
the evacuation order acted irresponsibly. 

4.45 1.30 

The people who remained in an evacuation zone after 
the evacuation order could have left the area if they 
tried hard enough. 

4.13 1.26 

Most people who stayed in an evacuation zone chose 
to do so. 

4.71 1.06 

People were responsible for seeking information 
about the risks posed to them and their property. 

4.55 1.06 

Social Support  
(relationship 

satisfaction * level of 
support) 

 
 

 

How satisfied are you with the following 
relationships? (1-6 scale) 
Spouse 

 
 

5.36 

 
 

1.22 
Extended family 4.98 1.17 
Friends 5.21 .97 
Neighbors 4.60 1.22 
Co-worker(s) 4.72 1.09 
Employer(s) 4.49 1.18 
   
How much support did you receive from the following 
individuals during Hurricane Sandy? (1-4 scale) 
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Spouse 3.35 1.06 
Extended family 2.47 1.18 
Friends 2.59 1.11 
Neighbors 2.29 1.11 
Co-worker(s) 1.98 1.08 
Employer(s) 2.06 1.12 

 
General Hurricane 

Experience 
(additive index) 

(1-5 scale) 
 

How many hurricanes have you been in?  2.85 1.24 
How many times have you evacuation from a 
hurricane?  

1.18 .49 

How many times have you had property damage 
from a hurricane?  

1.4 .61 

 
 
 
 
 
 
 
 

Risk  
Judgment 

(susceptibility * 
severity) 

 
 

 

Perceived susceptibility (1-6 scale): 
In the event of a storm like Sandy, how likely is it 
that the following would be harmed: 
Your home/apartment 

 
 
 

3.18 

 
 
 

1.35 
You and your family 3.01 1.29 
Your local community  3.94 1.35 
Your neighbor’s home/apartment 3.26 1.38 
The U.S. East Coast 4.99 1.12 
   

Perceived severity (1-6 scale): 
In the event of a storm like Sandy, how serious 
would the threat be to the following: 
Your home/apartment 

 
 
 

3.10 

 
 
 

1.42 
You and your family 3.10 1.43 
Your local community 3.89 1.40 
Your neighbor’s home/apartment 3.21 1.45 
The U.S. East Coast 4.94 1.19 

 
Trust in Government 

(1-5 scale) 
α = .94 

 

In your opinion, how trustworthy are the following:  
City government 

 
 

2.67 

 
 

.92 
State government 2.57 .93 
County government 2.61 .92 
Federal government 2.47 .98 

 
 

Informational  
Subjective Norms 

(1-6 scale) 
α = .95 

 

My friends expect me to know something about 
hurricanes. 

 
3.70 

 
1.42 

Most people who are important to me think I should 
know something about hurricanes. 

 
3.81 

 
1.42 

My family expects me to know something about 
hurricanes. 

 
3.89 

 
1.42 

 
 

I can’t make sense of information about hurricanes 
(reverse coded). 

  4.94 
 

1.04 
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Information 

Gathering Capacity 
(1-6 scale) 
α = .91 

 

When it comes to information about hurricanes, I 
don’t know how to separate facts from fiction 
(reverse coded). 

 
 

4.77 

 
 

1.15 
Most information about hurricanes is too technical 
for me to understand (reverse coded). 

 
 

4.91 

 
 

1.04 
I can’t understand information about hurricanes even 
if I make an effort (reverse coded). 

 
 

5.14 

 
 

.94 
Attitude toward 
Learning about 

Hurricanes 
(1-6 scale) 
α = .95 

 

Understanding the risks posed by hurricanes is: 
Wise 

 
 

5.24 

 
 

.89 
Useful 5.24 .88 
Valuable  5.19   .91 
Beneficial  5.22 .89 

 
 
 
 

Concept Measures M SD 
 

Source Credibility: 
Local Authorities 

(1-6 scale) 
α =  .86 

Cannot be trusted (reverse coded) 4.32 1.28 
Is not accurate (reverse coded) 4.11 1.22 
Does not tell the whole story (reverse coded) 3.85 1.34 

 
Source Credibility: 
Public Access Local 

TV Channel 
(1-6 scale) 
α = .91 

Cannot be trusted (reverse coded) 4.17 1.30 
Is not accurate (reverse coded) 4.05 1.23 
Does not tell the whole story (reverse coded) 3.97 1.30 

Source Credibility: 
Local Media 

(1-6 scale) 
α = .92 

Cannot be trusted (reverse coded) 4.10 1.29 
Is not accurate (reverse coded) 4.02 1.22 
Does not tell the whole story (reverse coded) 3.86 1.34 

 
Source Credibility: 

National Media 
(1-6 scale) 
α = .93 

Cannot be trusted (reverse coded) 3.96 1.28 
Is not accurate (reverse coded) 3.95 1.23 
Does not tell the whole story (reverse coded) 3.79 1.34 

 
Source Credibility: 

The Weather 
Channel 

(1-6 scale) 
α = .92 

Cannot be trusted (reverse coded) 4.61 1.27 
Is not accurate (reverse coded) 4.50 1.28 
Does not tell the whole story (reverse coded) 4.42 1.31 
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Source Credibility: 
Friends, Relatives, 

Neighbors 
(1-6 scale) 
α = .87 

Cannot be trusted (reverse coded) 3.90 1.36 
Is not accurate (reverse coded) 3.48 1.24 
Does not tell the whole story (reverse coded) 3.34 1.35 

 
Source Credibility: 

Employers, Co-
Workers 
(1-6 scale) 
α = .92 

 

Cannot be trusted (reverse coded) 3.61 1.31 
Is not accurate (reverse coded) 3.43 1.22 
Does not tell the whole story (reverse coded) 3.33 1.28 

Concept Measures M SD 
External (Societal) 

Responsibility – 
Narrative  
(1-5 scale) 
α = .82 

How responsible are the following factors for 
determining what happened to Joe and Janice?  

 

Media reporting on the storm (e.g., issuing of 
hurricane watches or warnings) 

 
2.57 

 
1.27 

Laws or policies in place (e.g., zoning laws) 2.69 1.24 
Decisions or actions of local officials (e.g., 
mayor, emergency manager) 

 
2.75 

 
1.25 

Decisions or actions of state or federal officials 
(e.g., governor, Congress) 

 
2.63 

 
1.22 

Individual 
Responsibility – 

Narrative  
(1-5 scale) 
α = .80 

How responsible are the following factors for 
determining what happened to Joe and Janice? 

 

Joe and Janice’s decisions or actions 3.78 1.33 
Joe and Janice’s level of preparedness  

3.48 
 

1.37 
 
 
 
 
 

Protective Action 
Perception – 

Personal Safety  
(1-5 scale) 
α = .81 

Thinking about a future hurricane event, how 
effective would the following preparations be 
for ensuring your own safety?  

 

Having an emergency kit (including food, 
water, battery-powered radio, etc.) 

 
4.09 

 
.97 

Seeking information about flooding 
consequences (e.g., depth), evacuation routes, 
safe/high places in the neighborhood 

 
 

3.41 

 
 

1.23 
Creating a list of what to do in the case of an 
evacuation or flood (i.e., household emergency 
plan) 

 
 

3.64 

 
 

1.17 
Making agreements with family, friends, and 
neighbors about how to help each other during 
an evacuation or flood 

 
 

3.67 

 
 

1.12 
Having sandbags and/or plywood 2.40 1.30 
Purchasing flood insurance 2.42 1.43 
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Protective Action 
Perception – 

Financial 
Consequences 

(1-5 scale)  
α = .83 

Thinking about a future hurricane event, how 
effective would the following preparations be 
for limiting damage and financial 
consequences to your property and 
belongings? 

 

Having an emergency kit (including food, 
water, battery-powered radio, etc.) 

 
3.46 

 
1.37 

Seeking information about flooding 
consequences (e.g., depth), evacuation routes, 
safe/high places in the neighborhood 

 
 

3.13 

 
 

1.32 
Creating a list of what to do in the case of an 
evacuation or flood (i.e., household 
emergency plan) 

 
 

3.35 

 
 

1.27 
Making agreements with family, friends, and 
neighbors about how to help each other 
during an evacuation or flood 

 
 

3.23 

 
 

1.29 
Having sandbags and/or plywood 2.54 1.34 

 Purchasing flood insurance 2.75 1.49 
 
 
 
 
 

Protective Action 
Perception – Other 

Uses 
(1-5 scale) 
α = .84 

How useful would the following preparations 
be for situations other than hurricanes? 

 

Having an emergency kit (including food, 
water, battery-powered radio, etc.) 

 
3.96 

 
1.0 

Seeking information about flooding 
consequences (e.g., depth), evacuation routes, 
safe/high places in the neighborhood 

 
 

3.10 

 
 

1.29 
Creating a list of what to do in the case of an 

evacuation or flood (i.e., household emergency 
plan) 

 
 

3.58 

 
 

1.19 
Making agreements with family, friends, and 

neighbors about how to help each other during 
an evacuation or flood 

 
 

3.57 

 
 

1.14 
Having sandbags and/or plywood 2.27 1.28 
Purchasing flood insurance 2.28 1.35 

Protective Perception 
– Help Needed1 

(1-4 scale) 
α = .76 

How much help would you need from others 
(family, friends, neighbors, or the 
government) to implement the following 
preparations?  

 

Having an emergency kit (including food, 
water, battery-powered radio, etc.) 

1.45 .78 

Seeking information about flooding 
consequences (e.g., depth), evacuation routes, 
safe/high places in the neighborhood 

1.90 .92 

Creating a list of what to do in the case of an 
evacuation or flood (i.e., household 
emergency plan) 

1.61 .81 
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Making agreements with family, friends, and 
neighbors about how to help each other during 
an evacuation or flood 

2.07 .99 

Having sandbags and/or plywood 2.05 1.06 
Purchasing flood insurance 1.85 1.05 

1Items for other resource-related attribute questions (affordability, time needed, skills needed) 
had ~ 50% missing data 
	
Behavioral	Models	
	
Using	 the	 responses	 to	 the	 time-dependent	 discrete	 choice	model,	we	 fitted	 logit	models	 of	
evacuation	behavior.	We	analyzed	not	only	 standard	 logit	models	with	 fixed	parameters,	but	
also	logit	models	with	random	effects	–	using	the	maximum	simulated	likelihood	estimator	–	to	
account	for	both	unobserved	heterogeneity	and	correlation	among	respondents.	The	results	of	
a	logit	model	with	random	effects	are	presented	below.		

	
Random-effects logistic regression              Number of obs     =      3,197 
Group variable: ID                              Number of groups  =        619 
 
Random effects u_i ~ Gaussian                   Obs per group: 
                                                              min =          2 
                                                              avg =        5.2 
                                                              max =         10 
 
Integration method: mvaghermite                 Integration pts.  =         12 
 
                                                Wald chi2(20)     =     438.42 
Log pseudolikelihood  = -1457.8827              Prob > chi2       =     0.0000 
 
                                   (Std. Err. adjusted for 619 clusters in ID) 
------------------------------------------------------------------------------ 
             |               Robust 
        Evac |         OR   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
       TTL36 |   .6684143   .1037638    -2.60   0.009     .4930674    .9061189 
       TTL24 |   .9538106    .184099    -0.25   0.806     .6533835    1.392375 
       TTL12 |    1.72156   .4124571     2.27   0.023     1.076436    2.753315 
        TTL6 |   1.122802   .3442846     0.38   0.706     .6156009    2.047891 
        Cat2 |    1.31241   .2072079     1.72   0.085     .9631164    1.788382 
        Cat3 |   3.379828   .5484032     7.51   0.000     2.459125    4.645245 
     EvacVol |   1.079562   .1749923     0.47   0.637     .7857267    1.483282 
    EvacMand |   24.29126   5.117812    15.14   0.000     16.07364    36.71011 
   SurgeHigh |   2.600859   .4193944     5.93   0.000     1.896088     3.56759 
    SurgeExt |   3.811357   .5912696     8.62   0.000     2.812093    5.165705 
       black |   3.135057   1.502297     2.38   0.017     1.225619    8.019277 
    hispanic |   1.501824   .5665377     1.08   0.281     .7169974    3.145722 
   noevacexp |   .4219913    .132437    -2.75   0.006     .2281202    .7806263 
   homesurge |   1.759124   .6249005     1.59   0.112     .8768409    3.529166 
     smartph |   1.631911   .4319273     1.85   0.064     .9714132    2.741504 
     hhinc75 |   .8240267   .1939536    -0.82   0.411      .519507    1.307047 
    housedet |   .4303807   .1046362    -3.47   0.001     .2672419    .6931082 
       PPT01 |   3.368977   2.182681     1.87   0.061     .9462905    11.99421 
       PPT25 |   1.589938    .958034     0.77   0.442     .4880673    5.179415 
 tenmorefive |   .7387072   .2132619    -1.05   0.294     .4195017    1.300801 
       _cons |   .1567537   .0793234    -3.66   0.000     .0581402    .4226285 
-------------+---------------------------------------------------------------- 
    /lnsig2u |   1.755891   .1482375                      1.465351    2.046431 
-------------+---------------------------------------------------------------- 



 19 

     sigma_u |   2.405951   .1783261                       2.08064    2.782126 
         rho |   .6376187   .0342519                      .5681981    .7017371 
------------------------------------------------------------------------------ 

	
Parameters	 of	 the	 logit	model	 are	 interpreted	 as	 the	 effect	 on	 the	 likelihood	 of	 evacuating.	
According	to	the	model	estimates,	both	category	of	the	storm	and	risk	of	storm	surge	affect	
evacuation	decisions.	However,	the	main	determinant	to	increase	the	likelihood	of	evacuation	
is	 a	mandatory	 evacuation	 order,	 informed	 by	 local	 media	 or	 the	 Weather	 Channel.	 The	
models	also	provide	evidence	of	the	need	to	revisit	evacuation	instructions	that	are	labeled	as	
being	voluntary.	Voluntary	evacuation	orders	are	perceived	as	ambiguous,	and	they	may	even	
reduce	the	likelihood	of	evacuation	compared	to	not	having	any	order	at	all.	Below	there	is	a	
summary	of	the	quantitative	results	of	the	effect	on	increasing	the	likelihood	of	evacuation.	
	
The	likelihood	of	evacuation	is:	

 62%	lower	for	men	
 54%	lower	if	the	individual	has	no	previous	evacuation	experience	
 62%	lower	for	household	heads	
 66%	higher	if	house	is	detached	
 1%	higher	for	every	additional	year	of	age	
 172%	higher	for	African	Americans	
 63%	higher	for	Hispanics	
 1.3	times	higher	if	the	storm	is	of	category	2	(reference:	cat	1)		
 2.4	times	higher	if	the	storm	is	of	category	3	
 1.6	times	higher	if	storm	surge	is	high	(reference:	moderate)	
 2.8	times	higher	if	storm	surge	is	extreme	
 33%	lower,	36	hours	before	expected	landfall	(reference:	48	hours	before	
landfall)	
 5%	lower,	24	hours	before	expected	landfall	
 72%	higher,	12	hours	before	expected	landfall	
 6%	higher,	6	hours	before	expected	landfall	

	
Finally,	for	mandatory	evacuation	orders	the	likelihood	of	evacuation	is	24	times	higher.	In	the	
base	 model,	 voluntary	 evacuation	 order	 seems	 to	 have	 no	 effect	 on	 the	 likelihood	 of	
evacuation.	In	fact,	in	a	model	with	a	random	parameter	for	the	voluntary	evacuation	effect,	on	
average	people	are	41%	less	likely	to	evacuate	if	there	is	a	voluntary	evacuation	order	in	effect	
(compared	to	not	having	any	order	at	all).	As	shown	in	Fig.	4,	57%	of	people	are	less	likely	to	
evacuate	 if	 a	 voluntary	 evacuation	 order	 is	 in	 place	 (compared	 to	 not	 having	 any	 order	 in	
effect).		
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Figure	 4:	 conditional	 distribution	 of	 the	 individual	 estimates	 of	 the	 effect	 of	 a	 voluntary	
evacuation	order.	

	
	
C. COLLABORATORS,	PARTNERS,	and	INTERACTIONS:		(List	and	describe	any	additional	

organizations	or	partners	involved	in	the	project,	including	participation	or	interactions	with	
CT,	NY	or	NJ	Sea	Grant	extension	staff,	and	industry,	agency,	or	other	stakeholder	
representatives.)	
	
For	the	design	of	the	survey	(and	its	pretest	and	final	forms)	we	have	been	collaborating	
with	the	members	of	the	CSAP	Project	“Measuring	Public	Responses	to	a	Surge	of	
Information:	How	Individuals	Understand,	React,	and	Respond	to	Storm	Surge	Media	
Messages”	Principal	Investigators:	Dr.	Clifford	W.	Scherer	and	Dr.	Laura	N.	Rickard	

	
	
	
D. PROJECT	PUBLICATIONS,	PRODUCTS,	PRESENTATIONS,	AND	PATENTS:			(Include	published	

materials	with	complete	references,	as	well	as	those	in	press.		Please	attach	electronic	
versions	of	any	journal	articles,	reports,	and	abstracts	not	previously	provided.)	

	
Journal	Articles:		(List	URLs)	

Conference	Papers:	1	 	

Motoaki,	Y.,	Daziano,	R.A.,	Schuldt,	J.P.,	Eosco,	G.M.,	Rickard,	L.N.	&	Scherer,	C.W.	(2015)	
Response	to	Hurricane	Forecasts:		an	examination	of	attributes	that	trigger	risk	perceptions	
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and	evacuation	intentions.	Paper	accepted	for	presentation	at	the	Fourth	International	
Choice	Modelling	Conference,	May,	Austin,	TX.	

Other	articles,	such	as	proceedings	or	book	chapters:	1	

Daziano,	RA.	2014.	Behavioral	response	to	extreme-weather	hazards:	from	evacuation	
decisions	to	supporting	resilience	investments.	Proceeding	of	the	1st	International	
Workshop	on	the	Resilience	and	Safety	of	Modern	Social	Systems.	National	Graduate	
Institute	for	Policy	Studies,	Tokyo,	Japan.	

Web	sites,	Software,	etc.:	NA	

Technical	Reports	/	Other	Publications:	NA	

Other	Products	(including	popular	articles):	NA	

Planned	Publications:			

Patents:	(List	those	awarded	or	pending	as	a	result	of	this	project.)		

Presentations	and	Posters:			1	
Schuldt,	J.P.,	Eosco,	G.M.,	Rickard,	L.N.,	Daziano,	R.,	&	Scherer,	C.W.	(December,	2014).	A	
tale	of	two	storms:	Recalling	the	risk	of	“Hurricane”	versus	“Superstorm”	Sandy.	Poster	
presented	at	the	annual	meeting	of	the	Society	for	Risk	Analysis,	Denver,	CO.	
	

E. FUNDS	LEVERAGED:	(If	this	Sea	Grant	funding	facilitated	the	leveraging	of	additional	
funding	for	this	or	a	related	project,	note	the	amount	and	source	below.)	
			

F. STUDENTS:	(Document	the	number,	type,	and	name	of	students	involved	with	this	project,	
during	this	reporting	period.		Indicate	those	that	received	Sea	Grant	(CSAP)	funding.		Note:	
“New”	students	are	those	who	have	not	worked	on	this	project	previously.		“Continuing”	
students	are	those	who	have	worked	on	this	project	previously.		If	a	student	volunteered	
time	on	this	project,	please	use	section	G,	below.)	
	
Total	number	of	new	K-12	students:		0	
Total	number	of	new	undergraduates:	0							
Total	number	of	new	Master’s	degree	candidates:			0	
Total	number	of	new	Ph.D.	candidates:		2	
	
Total	number	of	continuing	K-12	students:		0	
Total	number	of	continuing	undergraduates:	0							
Total	number	of	continuing	Master’s	degree	candidates:	0				
Total	number	of	continuing	Ph.D.	candidates:		0	
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In	the	case	of	graduate	students,	please	list	student	names,	degree	pursued,	and	thesis	or	
dissertation	titles	related	to	this	project.			
	
Student	Name:	Yutaka	Motoaki	
Degree	Sought:	PhD	in	Civil	and	Environmental	Engineering	
Thesis	or	Dissertation	Title:		TBD	
Date	of	thesis	completion:		NA	
Expected	date	of	graduation:	Spring	2016	
	
Student	Name:	Chen	Wang	
Degree	Sought:	PhD	in	Civil	and	Environmental	Engineering	
Thesis	or	Dissertation	Title:		TBD	
Date	of	thesis	completion:		NA	
Expected	date	of	graduation:	Spring	2016	
	
	

G. VOLUNTEER	HOURS:		
(List	the	number	of	hours	provided	to	the	project	by	volunteers,	i.e.,	individuals	who	were	not	
compensated	in	any	way	or	for	whom	involvement	is	not	part	of	their	paid	occupation.		This	
could	be	students	or	citizens.		What	was	their	contribution?)	

NA	
	

H.	PICTORIAL:	(Provide	high	resolution	images/photos	of	personnel	at	work,	in	the	field	or	
laboratory,	equipment	being	used,	field	sites,	organism(s)	of	study.		Attach	images	as	separate	
files	(do	not	embed).	Include	links	to	websites	associated	with	the	research	project.	Please	
include	proper	photo	credits	and	a	caption	with	date,	location,	names	of	people,	and	activity.	
These	images	are	useful	to	document	your	project	in	future	CSAP	publications,	websites	and	
presentations.)	

	
I.	HONORS	AND	AWARDS:		(List	any	honors	or	awards	received	during	the	reporting	period,	for	
anyone	working	on	the	project.		This	can	be	for	best	paper	or	poster,	university	awards,	etc.	)	
Specify:			

a)	Name	of	person	or	group	receiving	recognition:		NA	
b)	Name	of	award	or	honor:	NA	
c)	Group	or	individual	bestowing	the	award	or	honor:	NA	
d)	What	it	was	for:		NA	
e)	Date:	NA	
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J.	PROJECT	OUTCOMES	AND	IMPACTS	
		
RELEVANCE	OF	PROJECT:		(Describe	briefly	the	issue/problem	/	identified	need(s)	that	led	to	this	
work.)	
	
Existing	 research	 in	 the	 field	 of	 evacuation	 behavior	 has	 examined	 what	 different	 factors	
influence	evacuation	decisions	and	how	they	do	so.	Five	of	the	most	important	factors	include	
characteristics	of	the	storm,	risk	perception,	housing	type,	authorities’	actions,	and	the	hazard	
level	 of	 the	 area.	 Socio-demographic	 factors	 related	 to	 evacuation	behavior	 are	 gender,	 age,	
household	size,	income,	race	and	ethnicity,	and	level	of	education.	Physical	disability,	proximity	
to	evacuation	routes,	previous	experience	with	extreme	weather	events,	the	presence	of	pets,	
and	media	 reports	 also	 affect	 the	 decision	 of	 whether	 or	 not	 to	 evacuate	 in	 the	 case	 of	 an	
extreme	weather	event.	In	the	existing	literature,	however,	little	attention	has	been	devoted	to	
the	problem	of	how	storm	information	triggers	evacuation	actions.		
	
		
RESPONSE:	(Describe	briefly	what	key	elements	were	undertaken	to	address	the	issue,	problem	
or	need,	and	who	is/are	the	target	audience(s)	for	the	work.)	
		
Behavioral	models	were	specified,	estimated,	and	tested	to	investigate	the	factors	that	trigger	
evacuation	 intentions.	 The	models	 were	 fitted	 to	 the	 answers	 of	 the	 questions	 of	 an	 online	
survey	 by	 619	 individuals	 living	 in	 areas	 hit	 by	 storm	 surge	 in	 the	 tri-state	 area.	 In	 terms	 of	
methodology,	we	analyzed	not	only	ordered	logit	models	with	fixed	parameters,	but	also	with	
random	parameters	–	using	the	maximum	simulated	likelihood	estimator	–	to	account	for	both	
unobserved	 heterogeneity	 and	 correlation	 among	 respondents.	 In	 addition,	 we	 analyzed	
estimates	of	an	ordered	logit	model	with	endogenous,	latent	explanatory	variables	(measuring	
uncertainty,	preparedness,	and	potential	loss),	in	the	form	of	a	simultaneous	system	of	ordered	
logit	models	(cf.	hybrid	choice	modeling).		
	
RESULTS:	(Summarize	findings	and	significant	achievements	in	terms	of	the	research	and	any	
related	education	or	outreach	component;	cite	benefits,	applications,	and	uses	stemming	from	
this	project,	including	those	expected	in	the	future.	Include	qualitative	and	quantitative	results.)		
	
In	the	Northeast,	damaging	hurricanes	occur	but	less	frequently	than	in	other	areas.	As	a	result,	
communities	at	risk	rely	on	official	sources	to	make	evacuation	decisions	for	them.	In	particular,	
people	 are	 not	 really	 expecting	 to	 be	 able	 to	 interpret	 storm	 characteristics.	 In	 fact,	 people	
expect	 to	 be	 told	 what	 to	 do	 in	 a	 very	 precise	 and	 succinct	 message	 (such	 as	mandatory	
evacuation).	Additionally,	our	models	show	that	the	media	(local	media/the	Weather	Channel)	
plays	a	 larger	 role	 in	 influencing	the	respondents’	evacuation	decisions	during	Sandy	than	the	
local	authority,	friends,	and	neighbors	did.		

	
According	to	the	estimated	evacuation	behavior	models,	both	category	of	the	storm	and	risk	of	
storm	 surge	 affect	 evacuation	 decisions.	 However,	 the	 main	 determinant	 to	 increase	 the	
likelihood	 of	 evacuation	 is	 a	mandatory	 evacuation	 order,	 informed	 by	 local	 media	 or	 the	
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Weather	 Channel.	 The	 models	 also	 provide	 evidence	 of	 the	 need	 to	 revisit	 evacuation	
instructions	that	are	labeled	as	being	voluntary.	Voluntary	evacuation	orders	are	perceived	as	
ambiguous,	and	they	may	even	reduce	the	 likelihood	of	evacuation	 compared	to	not	having	
any	order	at	all.	Below	there	is	a	summary	of	the	quantitative	results	of	the	effect	on	increasing	
the	likelihood	of	evacuation.	
	
The	likelihood	of	evacuation	is:	

 62%	lower	for	men	
 54%	lower	if	the	individual	has	no	previous	evacuation	experience	
 62%	lower	for	household	heads	
 66%	higher	if	house	is	detached	
 1%	higher	for	every	additional	year	of	age	
 172%	higher	for	African	Americans	
 63%	higher	for	Hispanics	
 1.3	times	higher	if	the	storm	is	of	category	2	(reference:	cat	1)		
 2.4	times	higher	if	the	storm	is	of	category	3	
 1.6	times	higher	if	storm	surge	is	high	(reference:	moderate)	
 2.8	times	higher	if	storm	surge	is	extreme	
 33%	lower,	36	hours	before	landfall	(reference:	48	hours	before	landfall)	
 5%	lower,	24	hours	before	landfall	
 72%	higher,	12	hours	before	landfall	
 6%	higher,	6	hours	before	landfall	

	
Finally,	 for	mandatory	 evacuation	 orders	 the	 likelihood	 of	 evacuation	 is	24	 times	 higher.	 In	
fact,	 in	 a	 model	 with	 a	 random	 parameter	 for	 the	 voluntary	 evacuation	 effect,	 on	 average	
people	 are	 41%	 less	 likely	 to	 evacuate	 if	 there	 is	 a	 voluntary	 evacuation	 order	 in	 effect	
(compared	to	not	having	any	order	at	all).	
	
	
		
Consider	the	following	as	they	apply	to	your	research	and	any	related	outreach/education.	
·									What	new	tools,	technologies,	methods	or	information	services	were	developed	from	this	
work?	Have	any	been	adopted	/	implemented	for	use	and	by	whom?	
	In	 this	 research	 we	 implemented	 a	 novel	 time-dependent	 discrete	 choice	 experiment.	 The	
answers	to	the	experiment	were	the	used	to	fit	logit	models	with	random	effects	of	evacuation	
behavior.	While	the	methodology	of	using	random-parameter	logit	models	already	existed,	this	
research	contributes	by	adapting	the	estimator	to	analyze	evacuation	intentions.			
		
·									What	are	the	environmental	benefits	of	this	work?	Have	policies	been	changed?	How	has	
conservation	(of	ecosystems,	habitats	or	species)	been	improved?	
	NA	
		
·									What	are	the	social	payoffs	of	this	work?	Who	has	benefited	from	this	work?	Have	
attitudes	/	behaviors	of	target	audience	changed?	Elaborate.	Have	policies	been	changed?	
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One	 of	 the	 main	 conclusions	 is	 the	 use	 of	 the	 word	mandatory	 for	 evacuation	 orders	 to	
increase	 the	 likelihood	of	people	evacuating	when	ordered.	 Sometimes	emergency	managers	
are	limited	in	the	use	of	the	mandatory	label,	but	we	believe	that	that	policy	should	change	to	
make	 sure	 that	 the	 community	 responds	 to	 evacuation	 orders.	 In	 addition,	 using	 the	 word	
voluntary	should	be	omitted	as	it	induces	ambiguity	that	can	actually	reduce	the	likelihood	of	
evacuation.	No	policies	have	been	changed	yet,	but	we	also	 recommend	creating	official	 ties	
with	local	media	as	in	our	models,	media	appears	as	the	main	source	that	has	an	influence	on	
evacuation	decisions.	
	
·									What	are	the	economic	implications	/	impacts	of	this	work?	(Where	possible,	please	
quantify.)	Have	new	businesses	been	created	/or	existing	businesses	retained	as	a	result	of	this	
research?	Have	new	jobs	been	created	or	retained?	Are	new	businesses	or	jobs	anticipated?	
NA	
		
		
K.	Stakeholder	Summary	(This	is	an	abstract	of	your	research	and	findings	written	for	a	lay	
audience)	

	
Between	October	28th	and	November	29th,	2012,	Hurricane	Sandy	in	New	York,	New	Jersey,	and	
nearby	areas	caused	117	fatalities.	A	number	of	 these	fatalities	could	have	been	prevented	 if	
residents	had	evacuated	when	mandated	to;	45%	of	drowning	deaths	occurred	 in	Evacuation	
Zone	A,	which	had	been	identified	as	being	at	risk	of	flooding	from	any	category	of	hurricane.	
This	fact	illustrates	the	key	motivation	behind	studying	evacuation	behavior.		
	
Existing	 research	 in	 the	 field	 of	 evacuation	 behavior	 has	 examined	 what	 different	 factors	
influence	evacuation	decisions	and	how	they	do	so.	Five	of	the	most	important	factors	include	
characteristics	of	the	storm,	risk	perception,	housing	type,	authorities’	actions,	and	the	hazard	
level	 of	 the	 area.	 Socio-demographic	 factors	 related	 to	 evacuation	behavior	 are	 gender,	 age,	
household	size,	income,	race	and	ethnicity,	and	level	of	education.	Physical	disability,	proximity	
to	evacuation	routes,	previous	experience	with	extreme	weather	events,	the	presence	of	pets,	
and	media	 reports	 also	 affect	 the	 decision	 of	 whether	 or	 not	 to	 evacuate	 in	 the	 case	 of	 an	
extreme	weather	event.	In	the	existing	literature,	however,	little	attention	has	been	devoted	to	
the	problem	of	how	storm	information	impacts	evacuation	actions.		
	
In	this	project	we	analyzed	data	collected	in	the	spring	of	2015	among	619	respondents	in	the	
tri-state	area	 impacted	by	Sandy,	using	a	unique	 instrument.	 In	 the	on-line	 survey,	 cognitive,	
emotional,	 and	 behavioral	 responses	 to	 information	 about	 extreme	 weather	 events	 was	
collected.	In	fact,	the	instrument	was	designed	to	cover	a	thorough	set	of	dimensions	that	we	
identified	 as	 critical	 to	 evacuation	 decisions,	 including	 pre-awareness,	 experience,	 behavioral	
influence,	 risk	 perceptions,	 affect,	 evacuation	 intentions,	 preventive	 actions,	 channel	 beliefs,	
source	credibility,	attribution	of	responsibility,	and	social	networks.	

	



 26 

One	 of	 the	main	 results	 obtained	 in	 this	 research	 is	 that	 communities	 at	 risk	 rely	 on	 official	
sources	to	make	evacuation	decisions	for	them.	This	dependence	seems	to	rely	on	the	fact	that	
in	the	Northeast	damaging	hurricanes	occur	but	less	frequently	than	in	other	areas.	In	fact,	the	
community	 expects	 to	 be	 told	what	 to	 do	 and	when	 to	 do	 so	 in	 a	 very	 precise,	 simple,	 and	
succinct	message.	Additionally,	the	media	(local	media/the	Weather	Channel)	plays	a	larger	role	
in	 influencing	 the	respondents’	 evacuation	decisions	 during	 Sandy	 than	 the	 local	 authority,	
friends,	and	neighbors	did.		

	
Finally,	 according	 to	 the	 estimated	 evacuation	 behavior	 models,	 the	 main	 determinant	 to	
increase	 the	 likelihood	 of	 evacuation	 is	 a	mandatory	 evacuation	 order,	 informed	 by	 local	
media	or	the	Weather	Channel.	Voluntary	evacuation	orders	are	perceived	as	ambiguous,	and	
they	may	even	reduce	the	likelihood	of	evacuation	compared	to	not	having	any	order	at	all.	

	
	
 
	

	
	
	


