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Guiding	Principle	#1	
	
Building	resiliency	means	altering	the	recovery	curve.	

Resilience	is	the	ability	of	the	System	of	Systems,	on	the	
whole,	to	“bounce	back”	from	a	shock,	to	absorb	the	
disrupCon	from	a	perturbaCon	as	well	as	to	rebound	from	
the	perturbaCon.	



Decrease	the	
Impact	Delta	

ShiX	Recovery	
Curve	to	the	LeX	

New	Normal	Exceeds	
Pre-event	Normal	



Guiding	Principle	#2	
	
Our	premise	is	that	in	order	to	enhance	resilience,	there	must	be	an	
alignment	between	core	systems	and	the	prioriCzaCon	of	miCgaCon	
strategies.	
	

Core	Systems	are	those	the	are	essenCal	to	the	life,	limb,	and	
wellbeing	of	the	populaCons,	especially	vulnerable,	medically	
fragile,	and	tradiConally	underserved	populaCons.	
	
Engage	localiCes	and	stakeholders	to	idenCfy	core	systems	
that	may	have	a	large	ROI	for	par4cular	popula4on	groups.	



High	Level	Approach	



Core	System	&	A^ributes	(Healthcare	Example)	 Process	#1	
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•  The	path	of	the	Sandy	
passed	through	the	Greater	
Hampton	Roads	Region.	

•  Intersec4ng	natural	systems	
data	and	built	environment	
data	with		knowledge	of	
household	vulnerability.	

•  Informed	by	Hampton	
Roads	experien4al	data	and	
Katrina	lessons	learned.	

Sandtrina	Scenario…	
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Average Vulnerability Score

0.00 - 3.14

3.15 - 5.14

5.15 - 9.00

Healthcare	as	a	Core	Infrastructure	
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  Vulnerability Mapping – Regional View	
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Dimensions	of	Vulnerability	
•  Financial	Vulnerability	
•  Risk	Percep4on	Vulnerability	
•  Fatalism-Efficacy	Vulnerability	
•  Mobility	Vulnerability	
•  Sensory	Vulnerability	
•  Mental	Cogni4on	Vulnerability	
•  Medical	Regimen	Vulnerability	
•  Healthcare	Access	Vulnerability	
•  Assistance	Daily	Living	(ADL)	Vulnerability	
•  Insurance	Vulnerability	
•  Social-Familial	Network	Vulnerability	
•  Personal	Responsibility	Vulnerability	
•  Aged	Vulnerability	
•  Single	Parent	Household	Vulnerability	
•  Dependent	Vulnerability	
•  Prepara4on	Vulnerability	
•  TheS	Vulnerability	

	

Example:	
Hyper	

Vulnerability	
“Composite	
Medical	

Vulnerability”	
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Hyper	Vulnerability	

“Dimensions	of	vulnerability	do	not	necessarily	
stand	alone;	several	dimensions	of	
vulnerability	may	compound	within	one	social	
group	or	within	one	geographic	loca4on”	

	 	 	 	 	(e.g.,	Tapsell	et	al.	2010)	
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Risk	Percep4on	(2)	
Safer	Than	Evacua4on	

– Safer	than	traveling	in	chaos	or	on	highway.	
– Risk	of	dying	in	evacua4on	is	greater	than	
sheltering	at	home,	history	supports	this.	

Fatalism	
– Nothing	we	can	do/out	of	our	control	
– Take	chance,	roll	dice	
–  It	is	in	God’s	hands	
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Storm	as	Opportunity	=>	Risk	
Cleanup	=	cash	

– Debris	removal	
–  Tree/yard	waste	removal	

	

Skilled	Labor	&	Trade	Services	
– Housing/roofing	repair	
– Auto	repair	
	

Catch-up	
– House	chores	
–  ‘Honey	Do’	lists	
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 Vulnerability Mapping – Localized View 
	
	

Neighborhood	Varia4on	in	Financial	Vulnerability	
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So	far	we	have	several	data	streams…	
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Yields…	
		

Displaced	Popula4on	
by	

Vulnerability	
by	

Owner/Renter	…	etc.	

Sandtrina	
Scenario	
Modeling	

+
Spa4al	

Vulnerability	
Modeling	
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Theore4cal/	
Illustra4ve	
Figures	
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 System Dynamics Model: MICRO 
	
	 Conceptual	Localized	Dynamics…	
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Household	Adap4ve	Capacity	
Recurrent	Flooding	
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Sampling	East	Side	of	City	
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Residen4al	Neighborhood	Street	Flooding	
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Percep4on	Variable:	
SLR	Will	Limit	Economic	Opportunity	for	Ci4zens	
Neighborhood	Flooding	 Economic	Opportunity	



Virginia	Modeling,	Analysis	and	Simula4on	Center 

NIMBY:	Restrict	Permidng….	

New	Homes	

Renova4ons	
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Discussion	about	Sea	Level	Rise	
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Mold,	Asthma,	&	ED	Visita4on	
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HUD	Pre-planning:	Modeling	
Housing	Stock	Recovery	

HUD	Group	Model	Building	Events	Norfolk	&	Portsmouth	
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Catastrophic	
Event	

• Infrastructure	and	
housing	damaged		
• Response	
• Damage	Assessment	
• Displaced	Popula4on	

Sheltering	 Temporary	
Housing	

Leave	the	Area	

ConstrucCon	/	
Repairing	

Requirements	
and	permits	

FoundaCons	 Framing/	
Roofing	

Electric/	
Plumbing/
HVAC	

Drywall/	
InsulaCon	 Finishing	

Core	Housing	Process	

Long-Term	

Mid-Term	

Short-Term	

Houses	
Repaired		/	
Constructed	

Rebuilding	

ReposiCon	
Temporal	
Housing	

HUD	Pre-planning:	Modeling	Housing	Stock	Recovery	



Part-2	
Conceptualizing	Household	Vulnerability	
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Vulnerability	Scaling	
•  Iden4fied	17	dimensions	of	vulnerability	+	2	
‘hyper’	measures	vulnerability.	

•  Constructed	set	of	weighted	indicators	intended	
to	‘capture’	the	substan4ve	nature	of	
household	vulnerability	on	each	dimension.	

•  SMEs	engaged	through	a	structured	process	to	
establish	the	rela4ve	weights	of	the	indicators	
within	each	dimension.	
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A	forecast	of	a	household’s	inability	
to	absorb	the	financial	impact	of	a	
disrup4ng	severe	storm	event.		
	

That	is,	disrupted	household	income	or	storm-
related	prepara4on	&	response	costs	(food,	fuel,	
shelter,	and	logis4cs)	may	be	difficult	to	absorb	and,	
thus,	condi4ons	propensity	to	evacuate.	

	 		

Financial	Vulnerability…	
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Scale	Indicators:	
	

1.		Anyone	in	the	household	lose	pay.	
2.		Anyone	in	the	household	lose	vaca4on	4me	or	use	sick	

4me.	
3.		If	lose	a	week’s	pay,	would	have	trouble	paying	next	

month’s	rent	or	making	the	mortgage.	
4.		If	lose	a	month’s	pay,	would	have	trouble	paying	next	

month’s	rent	or	making	the	mortgage.	
5.		Enough	cash	or	credit	to	support	the	household	for	five	

days	outside	the	region.	

Financial	Vulnerability	
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 Dynamic System Behavior 
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Part-3	
Household	Risk	Percep4ons	
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Risk	Percep4on	(1)	
“I	am	not	stupid!”	

– Visualize	the	extremes	of	a	‘L-R	Risk	Con4nuum’	
– Those	that	sheltered	see	negligible	risk	and	those	
that	exited	see	imminent	risk,	yet	it	is	the	same	
event.	

		

“I	live	on	the	1st	(or	is	it	the	2nd)	floor!”	
– 1st	floor	is	low	and	safe	from	the	wind	
– 2nd	floor	is	high	and	safe	from	the	water	

Note:	Use	of	contextual/environmental	elements	to	
ra4onalize	less	risk	than	neighbors		
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Policy	Resistance	
Neighborhood	Shelters,	Fire	&	Police	Sta4ons	

–  Have	known	shelter	in	neighborhood	(e.g.,	school),	
that’s	our	‘insurance’	

–  Neighborhood	shelter	will	be	on	the	radar	of	
emergency	officials	and	will	meet	our	needs.	

–  “…live	right	by	a	fire	department	and	police	sta4on	–	
can’t	get	any	safer	than	that…”	

Prepara4on	Efficacy	
–  Follow	what	Red	Cross	and	EMs	tell	us	we	can	do	to	
reduce	our	vulnerability…	

•  Food	+	Water	+	Fuel	+	Generator	+	Medica4ons	
–  Increase	in	sense	of	efficacy	=	percep4on	that	
household	can	weather	the	storm	and	its	aSermath		
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Tethers…	
•  Member	within	network	either	cannot	or	is	unwilling	
to	depart	region.	

•  Other	network	members	remain	out	of	obliga4on,	
guilt,	professional	commitment.	

•  Deference	given	to	opinion	leader	within	network.	

Anchors…	
•  Member	employed	in	hospitality/service	employment	
not	relieved	from	job	un4l	12-48	hours	before	
landfall.	

•  Other	network	members	remain.	
•  Protec4ve	Services	and	associated	network.	
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Evacua4on	
Evacua4on	Costs	are	Burdensome	

–  Fuel	+	Food	+	Accommoda4ons	

Delay	&	Exponen4al	Costs	
–  Those	households	with	financial	constraints	are	
more	likely	to	delay	–	exi4ng	means	expense!	

–  Prac4ce	wait-and-see	tac4cs.	
– Delay	is	associated	with	increased	exit	costs:	

Ø More	conges4on	means	burn	more	gas.	
Ø Close	hotels	fill	up	first,	have	to	travel	farther.	

–  Those	households	who	are	least	able	to	afford	
financial	costs	are	more	likely	to	incur	heavier	
financial	costs.	
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A	Few	Observa4ons	on	Evacua4on	
Mode…	Number	of	Vehicle	Occupants	

–  Not	op4mal	
–  2	person,	2	car	family	–	take	both	

Recrea4onal	vehicles	&	trailers	
–  Slower	accelera4on	
–  Increased	breakdowns	

Caravanning	
–  Mul4ple	vehicles	

Exit	paths	
–  Not	intui4ve	
–  Crisscross	region	–	more	ac4vity	than	Monday	morning	comute.		

Departure	4ming	
–  Not	linear;	imminent/landfall	triggers	exit	
–  About	7.5%	of	those	depar4ng	delay	their	departure	close	to	storm	

landfall	so	they	can	miss	or	lessen	an4cipated	conges4on	
Exit	des4na4on	

–  Vaca4ons	and	social	visi4ng	
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Message	Credibility	
Message	Discoun4ng	

–  Know	that	officials/weather	reports	are	exaggerated,	
discount	the	severity	of	forecast	to	arrive	at	the	‘real’	
threat	

	

Manipula4on	of	Popula4on	
–  Past	forecasts/reports	have	been	purposely	exaggerated	
to	get	people	to	move	

Incompetence	of	Weather	Experts	&	EMs	
–  Storm	alarms	in	past	have	been	false	
–  Weather	reports	cannot	be	relied	upon	
	

Conspiracy	
–  Evacua4on	orders	are	hoaxes	
–  Conspiracy	to	sell	more	food	and	supplies	
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Medical	Fragility(1)	
Access	

–  Don’t	want	to	be	away	from	familiar	doctors	
–  Pain	management	regimen	(e.g.,	chemo	for	RA)	

	

Disabili4es	&	Comorbidity	
–  Sensory,	Mobility,	or	Cogni4ve	disabili4es	
–  Chronic	condi4ons	(COPD,	diabetes,	obesity,	etc.)	
–  Disrup4on/disloca4on	may	exacerbate	medical	
condi4on	

	

Aging	
–  Unfamiliar	places	are	upsedng	
–  Logis4cal	arrangements	are	overwhelming	
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Medical	Fragility(2)	
	

								Propensity	to	Evacuate?	
	

Theory:	
–  Elderly	and	medically	fragile	popula4ons	are	least	
able	to	cope	with	storm-related	disrup4ons	to	
normal	rou4nes	(power	loss,	acute	injuries,	heat	
sensi4vity	etc).	

–  Thus,	more	vulnerable	and	propensity	to	evacuate	
should	increase.		

Ground	Truth:	
–  These	popula4ons	are	equally	likely	to	shelter	in	
place.	
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Rela4ve	
Percent	
Depar4ng	
Region	
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Mul4ple	
Direc4on	
Departure	
Numbers	
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Discussion	about	Sea	Level	Rise	
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Not	Enough	Informa4on	
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Mold,	Asthma,	&	ED	Visita4on	

•  Asthma	in	Household	(diagnosed)	
•  Asthma	Triggers	
•  Mold	or	Mildew	within	Interior	
•  Asthma-related	Emergency	Department	Visits	
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Mold,	Asthma,	&	ED	Visita4on	
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Mold,	Asthma,	&	ED	Visita4on	



Part-5	
Pre-planning	and	Housing	Stock	Recovery		


