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Human Capital Modeling 
Applica)on	of	systems	engineering	and	systems	thinking	to		

public	policy	and	program	development/evalua)on	

Outcomes:	
models	reflec)ng	the	complex	

rela)onships	in	and		
cascading	impacts	of		

[local-,	state-,	regional-,	or	na)onal-]	
level	ins)tu)onal	decisions		

Process:	
Sociotechnical	Systems	

analysis	reflec)ng		
measures/metrics	from	
disparate	sources	and	

assessed	at	disparate	scales	
(visualizing	levels	of	

abstrac)on	or	aggrega)on)	
Formal	evalua)on	of	measures/metrics	against	a	common	
set	of	system	constructs	used	to	assess	merits	and	impacts	

of	proposed	policy/programs	

- Linking  
System & Context 

- Evaluating  
System Constructs 

- Modeling  
System Behaviors	
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Community Resilience Context – It’s About People 
Ø MOORE,	OKLAHOMA:	On	May	20,	2013,	an	EF5	tornado	struck	
Moore,	Oklahoma,	a	suburb	of	Oklahoma	City.	24	were	killed	and	
377	injured.	Two	years	later,	Moore	had	been	mostly	restored.	
– “Places	like	Moore	are	aWached	to	metropolitan	areas,	and	there	are	jobs	
and	businesses	to	run.	And	then	there	is	infrastructure.”	(Johnson	2015)	

– Moore	has	a	25%	higher	median	household	income	and	10%	higher	
median	home	prices	than	state	average	(City-Data.com)	
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Ø CORDOVA,	ALABAMA:	On	April	27,	2011	a	large	tornado	struck	the	
rural	town	of	Cordova,	Alabama,	killing	3	people.	Two	years	later,	a\er	
tragic	examples	of	poor	local	governance	and	bureaucra)c	delays,	
downtown	Cordova	began	to	gradually	rebuild.		

– "A	good	surprise	has	been	the	overall	spirit,	dedica)on	and	forward	thinking	
goals	of	the	ci)zens	of	Cordova.”	(Harding	2012)	

– Cordova’s	median	household	income	and	median	home	prices	are	less	than	
half	the	state	average	(City-Data.com)	
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Dynamic Process of Community Resilience 

A	primary	
measure	of	

resilience	is	the	
number	of	people	
and	businesses	

that	are		
not	displaced	

Time	

Inherent	
Resilience	

Inherent	
Vulnerability	

Pre-	
event	

Response	
(hours-days)	

Recovery	
(days-weeks)	

Rebuilding	
(weeks-years)	

Actual	
Vulnerability	

Coping	
Response	 Adapta)on	

&	Learning	

New	Inherent	
Resilience	and	
Vulnerability	

(Sources: Cutter 2008, Miles & Chang 2006) 
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Human Capital 
Model 

Ø  Psychological	
Factors	

Ø  Contextual	
Factors	

Ø  Socio-
Environmental	

Factors	
(Source: Folds 2008) 

Community	
Vulnerability	
&	Resilience	
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System Constructs 

Requires	long-term	management	of	a	data	model	and	structural	architecture	that	reflects	the	aggrega)on	and	
abstrac)on	of	common	system	and	context	variables	in	an	appropriate	set	of	rela)onships	

Quality	ABributes	

RelaDonships	

Processes	

Constructs	

•  System	constructs	are	explanatory	
variables	that	aggregate	lower	level	
measurable	causal	variables	

•  Consis)ng	of	aggregated	measures	
of	observable	elements	that	have	a	
causal	rela)onship	to	the	construct	

•  Represent	the	components	of	the	
system	of	interest	and	also	related	
components	of	the	context	in	which	
the	system	is	observed	

Resilience	
Sustainability	

Standard	of	Living	

Subjec>ve	Well-Being	

Equality	 Quality	of	Life	
Autonomy	

Environment	
Empowerment	
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Model Urban Systems (MUST) 

8	

(Crittenden, NSF project 1441208) 

US	Na)onal	Science	Founda)on	project:		
Resilient	Infrastructure	Processes	and	
Services	(RIPS)	

Postulates	that	interconnected	and	decentralized	infrastructure	
systems	are	more	resilient	than	isolated	and	centralized	infrastructure	
via	increased	response	diversity	and	more	sustainable	resource	use	

Considers	performance	and	func)on	of	Water,	Energy,	and	
TransportaDon	systems	working	together	as	a	whole,	and	in	the	
context	of	social,	behavioral,	and	economic	decision-making	

Integrates	models	of	human	capital,	societal	networks,		
and	insDtuDonal	support	with	models	of	physical		
infrastructure,	economics,	and	resource	flows	
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Structural Architecture of Community 
Resilience – the Six Capitals 

Built	Environment	Community	PopulaDon	

Households	

Businesses	

Provide	
Jobs	

Consume	
Products	

Livelihood 
Capabilities Services 

Transporta)on	
Network	

Electrical	
Network	

Water	Network	

CriDcal	&	Environmental	
Infrastructure	

Others	

Capital 
Assets 

Claims & 
Access 

Human 
Capital 

Vulnerable 
Populations 

•  Knowledge 
•  Skills 
•  Abilities 
•  Other attributes 

•  Activities 
•  Beliefs 
•  Desires 
•  Intents 

Investments	

Expenses	

Public	Service	
Providers	

Provide	
Public		
Services	

Pay	
Taxes	

Educa)on	
System	

Health	
System	

•  Assistance 
•  Subsidies 

General Political & Economic Climate 

Inherent 
Resilience 

•  Shocks 
•  Disruption 
•  Events 
•  States 

Human Capital 

Natural Capital 

Financial 
Capital 

Physical Capital 

Social Capital 

Institutional 
Capital 

Legend	
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Sociotechnical Systems of Systems 

Dynamic	
Models	

Conceptual	
Model	

	
	
	
	

	
Conceptual	
Models	

	
	
	
	

Object	
Models	

Evalua)ve	

Boundaries	
and	Abstrac)ons	

QualitaDve	
Methods	

AnalyDcal	
Methods	

Human	
Sense-
Making	

Machine	
Decision	
AnalyDcs	

Predic)ve	

Systems	Engineering	Framework	

MulD-Layer	Context	Analysis	

En)ty-	
Rela)onships	

Processes	
&	Behaviors	

State	
Variables	

Equa)ons	

System	
Constructs	
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Context Development Narrative 

Meso-level	context	of	
enabling	environment:	

exisDng	tools	and	
zoning	controls	in	
neighborhoods	

Role	of	actors,	
insDtuDons	and	
infrastructure	at	
the	city	level	and	
their	interacDons		

Outcome/output:	
Including	social	

cogniDve	
indicators	to	

understand	how	
communiDes	

actually	operate	
and	respond	

Output	to:	
•  Conceptual	

Model	
•  Constructs	&	

RelaDonships	
•  Contextual	

Search	Tools	
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Context Analysis Table 

Enabling	Environment	 Actors/Inputs	 InteracDons	 Outputs/Outcomes	

Macro	
(city)	

•  City	budget	
•  Exis)ng	

Infrastructure	
•  Type/Cost	of	exis)ng	

power	technology	

•  Available	materials	
•  Poten)al	major	

investors	
•  Construc)on	

companies	

•  Establish	and	enforce	
new	zoning	codes	

•  Enable	partnerships	
between	organiza)ons	

•  Provide	planning	

•  Provide	plakorm	for	
further	city	expansion	

•  More	flexible	and	
reliable	power	grid	

•  Power	genera)on	that	
inherently	scales	

Meso	
(neighbor-
hood)	

•  Zoning	controls	
•  Exis)ng	

Infrastructure	or	
Projects	in	work	

•  Access	to	Resources	

•  HOA/Local	housing	
organiza)on	

•  Volunteers	
•  Local/surrounding	

businesses	

•  Engineers	to	train	local	
maintenance	

•  Construc)on	labor		
•  Local	project	

management	

•  Less	expensive	power	
•  Integra)on	of	future	

technologies	
•  Independence	for	

building	management	

Micro	
(building/	
person)	

•  Housing	Size	
•  Resident	income	

level	
•  Resident	educa)on	

level	

•  Current	residents	
•  Residents	of	Housing	

not	Receiving	
Microgrid	

•  Future	residents	

•  Grow	customer	base	
•  U)lize	and	Pay	for	

Microgrid	Outputs	
•  Provide	local	

maintenance	

•  Improve	resident	
quality	of	life	(QOL)	

•  More	reliable	power	
•  Greater	self-sufficiency	

Could	implementa)on	of	a	microgrid	in	government	subsidized	housing	increase	urban	
resilience	against	natural	and	manmade	events?	
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Example Sociotechnical Systems Model 

•  Project: Urban 
Microgrids for 
Government-
Assisted Housing 

•  Question: Can we 
optimize the human 
capital measures of 
a sustainable 
development 
project? 

Renewable	
Electricity	
Model	

Cost	
Model	

City	
PoliDcal	
Climate	

Neighborhood	
Infrastructure	

Social	
Factors	

City	
Government	

Commercial	
Industry	

Human	Capital	Model	

Economic	
Model	
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Policy Modeling – Economic Viability 

Power	
Demand	

Price	of	
Power	

+	

+	

+	

-	

Cost	of	
Power	

-	

-	

uGrid	
Investment	 +	-	

Pricing	
Strategy	 Fixed	pricing	for	low-cost	housing	

Neighborhood	
uGrid	

Management	
En)ty	

-  Solar	
-  Wind	
-  Gas		

uGrid	
Resources	 #	homes,	

businesses	
City	
Grid	

Power	
Genera)on	

uGrid	
Damage	

Price	
Instability	 Price	

Instability	
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2-Factor Human Capital Structured Equation Model 

  
Subjective 

Well-Being 

  General Happiness 

  Happiness of Marriage 

  Family Satisfaction 

  City Satisfaction 

  Job Satisfaction 

  Financial Satisfaction 

  Non-work Satisfaction 

  Friend Satisfaction 

  Health Satisfaction 

  
Standard 
of Living 

  Education Level 

  Subjective Class 

  Relative Income 

  Adjusted Family Income 

0.69 

0.67 

0.30 

0.69 

0.49 

0.57 

0.68 

0.51 

0.48 

0.45 

0.75 

0.59 

0.53 

0.69 

[█𝐺𝐻@𝐻𝑀@𝐹𝑆@𝐶𝑆
@𝑁𝑊𝑆@𝐹𝑆@𝐻𝑆@𝐹𝑆
@𝐽𝑆@𝐴𝐹𝐼@𝐸𝐿@𝑆𝐶@
𝑅𝐼 ]=[█0.69&0@0.67&
0@0.69&0@0.49&0@
0.57&0@0.68&0@0.51
&0@0.48&0@0.45&0
@0&0.69@0&0.53@0
&0.59@0&0.75 ]
[█𝑆𝑊𝐵@𝑆𝑂𝐿 ]+[█​
𝜀↓𝐺𝐻 @​𝜀↓𝐻𝑀 @​𝜀↓𝐹𝑆 
@​𝜀↓𝐶𝑆 @​𝜀↓𝑁𝑊𝑆 @​
𝜀↓𝐹𝑆 @​𝜀↓𝐻𝑆 @​𝜀↓𝐹𝑆 @​
𝜀↓𝐽𝑆 @​𝜀↓𝐴𝐹𝐼 @​𝜀↓𝐸𝐿 @​
𝜀↓𝑆𝐶 @​𝜀↓𝑅𝐼  ]	
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Job Satisfaction Models 

Factor Analysis	

Object-Process Models	
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Broader Object Process Model of  
Community Resilience 
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Entity-Relationship Models of 
Community Resilience 

(Source:	Miles	&	Chang	2006)	

Ini)al	UML	Model	of		
Built	Infrastructure	 Ini)al	Qualita)ve	Model	

of	Social	Resilience	

Atlanta’s	Neighborhood	Quality	of	Life	&	Health	Project,	
hWp://www.cgis.gatech.edu/NQOLH/	
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Conclusions 
•  Novel approach to combine socio-environmental and  

psychological factors of community resilience 
•  Requires methods for qualitative and quantitative analysis and 

visualization into a single SE framework 
•  Developed conceptual framework and tools 
•  Developing dynamic and computational models 
•  Long-term study on SE frameworks for experimentation 
•  Relevant testbed environment in Atlanta, GA 
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Collaborative Systems Engineering Frameworks 

End-to-End	Capability	

CollaboraDve	SE	 Scalable	Framework	

Server	or	Stand-Alone	
ExecuDon	

To support the design of systems of systems through a 
resilient implementation and analysis process.


Dynamic,	Customizable,	and	
Visually	InteracDve	

Integrate	Requirements,	Design,	and	Knowledge	
GeneraDon	

Method	and	Stakeholder	
Fluid	
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Labor	force	
Educa)on	
Healthcare	

Human Capital & Community Vulnerability 

No)onal	Model	of	Human	
Capital	impact	on	Health,	
Educa)on,	and	
Employment	systems	
	
Primary	social	sustainability	
and	resilience	factors	are	a	
func)on	of	vulnerabili)es	
and	access	to	capitals	

Poten)ally	
Vulnerable	
Popula)ons	

(Sources: Cutter 2008, Folds 2015) 
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Conceptual Functional Model of Community 
Sustainability & Resilience 

(Sources: UN Sustainable Livelihoods  
Guidance Sheets, ARUP 2015) 

Livelihood 
Capital 
Assets 

Human 
Capital 

Natural 
Capital 

Financial 
Capital 

Physical 
Capital 

Social 
Capital 

Institu-
tional 

Capital 

• Shocks 
• Trends 
• Seasonality 

Transforming 
Objects & 
Processes 

Influence 
& Access 

Livelihood 
Strategies 

Livelihood 
Outcomes 

• Support Basic 
Needs 

• Support 
Livelihoods 

• Economic 
Prosperity 

• Safeguard 
Human Life 

• Protect & 
Maintain Assets 

• Facilitate 
Relationships & 
Identity 

• Knowledge & 
Education 

•  Justice & Equity 

Population 
Vulnerability Structures 

& Objects 

Processes 
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Emerging Knowledge Management Environment 

•  Descriptive System Model maps emerging 
system relationships using narratives of 
emergence 

•  Data model curates causal relationships, text 
graphs, and entity-based knowledge graphs 
for long-term experimentation 

•  Data analytics and executable modeling 
environments are combined for long and short 
term decision analysis 

•  Foresight Workshops convene virtual think 
tanks for scenario generation and gaming 

Executable Models for Exploration 

Narratives and Scenarios 
of Emergence 

Classification of 
existing/emerging 

relationships 

Network Analysis & 
Visualization of 

Power & Influence 

Strategic 
Foresight 

Workshops 

Synthesized 
future scenarios 

Contextual 
Dynamic 
Models 

System 
Relationships 

Knowledge 
Schema 

Enterprise 
Ontology 

Graph Data Analysis 
of open text 

Curated 
Data Model 

System Model 

Adaptation 
(Agents) 

Feedbacks 
(Dynamics) 

Decision 
Analytics 

Events, Flows 


