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Abstract.		Economics	is	in	crisis.		One	one	hand,	behavioural	
economics	is	now	well-established,	but	on	the	other	hand,	most	
economics	models	are	still	based	on	rational	expectations	with	
constraints,	called	“frictions”.		The	standard	program	adds	more	and	
more	constraints	to	rationality	in	hopes	that	this	will	approximate	
real	behavior,	but	this	may	never	work.		It	is	increasingly	clear	that	
heterogeneity	(the	fact	that	people	and	institutions	are	diverse)	is	
essential	to	understand	problems	such	as	inequality.		There	is	a	major	
effort	to	address	this	challenge,	but	the	models	that	do	this	are	
technically	complicated	and	rapidly	become	intractable	as	they	
become	more	realistic.		Finally,	there	is	a	fundamental	challenge	due	
to	the	fact	that	we	have	very	little	historical	data	available	to	fit	
models	for	a	complicated	and	evolving	economy.		Complexity	
economics	offers	solutions	to	these	problems.		It	advocates	modelling	
behaviour	in	terms	of	heuristics	and	myopic	reasoning,	as	observed	in	
behavioural	experiments.		It	advocates	the	use	of	simulations,	making	
it	much	easier	to	incorporate	heterogeneity	in	a	tractable	
manner.		Finally,	it	advocates	using	highly	granular	data,	that	
accurately	captures	heterogeneity,	to	fit	the	models.			

	
In	2006	economists	at	the	New	York	Federal	Reserve	Bank	became	concerned	about	
the	possible	dangers	of	a	crash	in	the	housing	market.	So	they	asked	the	Federal	
Reserve	Bank	US	model	(FRB/US),	“What	happens	to	the	US	economy	if	the	average	
house	price	drops	by	20%?”		FRB/US	came	back	with	a	clear	answer:	“Not	much”.			
	
The	economists’	concerns	were	remarkably	prescient:		Between	January	2007	and	
January	2009,	the	average	price	of	a	house	sold	in	the	US	dropped	by	about	23%.		
But	the	FRB/US	prediction	was	horribly	wrong:		It	under-estimated	the	effect	on	the	
US	economy	by	a	factor	of	20.		The	Great	Recession	that	ensued,	often	called	simply	
“the	crisis”,	was	the	worst	period	of	global	economic	decline	since	the	Great	
Depression	of	the	1930s.		Five	million	people	lost	their	jobs,	unemployment	went	to	
10%,	and	it	cost	the	U.S.	economy	about	10	trillion	dollars,	roughly	equivalent	to	a	
half	a	year	of	work	for	everyone	in	the	country.		The	effect	on	the	rest	of	the	world	
																																																								
1	This	is	a	draft	of	the	introduction	to	a	forthcoming	popular	book	(comments	appreciated).		Many	
citations	are	currently	lacking.		Thanks	to	Baillie	Gifford	for	supporting	this	work.	
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was	even	bigger.		Perhaps	if	FRB/US	had	given	a	better	answer,	more	timely	action	
would	have	been	taken,	and	some	of	this	pain	and	suffering	could	have	been	
avoided.	
	
As	the	world	gets	more	complex	we	increasingly	depend	on	models	like	FRB/US	to	
keep	us	out	of	trouble.		A	model	is	a	simplified	description	of	the	world,	a	bit	like	a	
map,	that	we	use	to	answer	questions	and	make	predictions.		Some	of	our	models,	
like	those	for	weather	prediction,	work	well	and	provide	huge	benefits	to	society.	
Economic	models,	in	contrast,	have	often	let	us	down.		Financial	crises	are	just	one	
example.		We	face	serious	problems	like	climate	change	and	inequality	where	we	
desperately	need	better	economic	models	to	guide	us.			

Why	aren’t	economic	models	better?		In	the	case	of	FRB/US	in	2006,	in	hindsight	
one	can	point	at	obvious	flaws,	such	as	the	failure	to	incorporate	the	possibility	that	
financial	institutions	would	default	on	their	debts	and	a	poor	model	for	how	housing	
markets	and	the	financial	system	interact	with	the	rest	of	the	economy.		For	the	past	
decade	economists	have	worked	hard	to	add	the	missing	elements,	but	the	problems	
are	deeper	than	this.		They	stem	from	fundamental	limitations	of	the	dominant	ideas	
in	economics.	

Economics	is	in	crisis.		The	root	of	the	problem	is	an	inappropriate	model	of	human	
behavior,	but	this	leads	to	a	series	of	other	problems.		Most	economics	models,	like	
those	used	by	central	banks,	are	based	on	the	assumption	that	people	are	rational.		
Psychologists	and	behavioral	economists	have	shown	that	in	most	situations	this	is	
a	poor	assumption.		Economists	have	worked	hard	to	solve	this	by	imposing	
constraints	on	rationality,	but	this	still	fails	to	match	reality.	Things	are	complicated	
by	the	fact	that	the	economy	is	heterogenous,	meaning	that	people	and	institutions	
are	diverse,	so	there	is	no	one	size	fits	all	solution.		Models	based	on	rationality	are	
hard	to	solve,	which	forces	simplifications	–	it	is	why	FRB/US	originally	left	out	key	
elements,	and	it	is	a	chronic	problem	in	making	realistic	models.		Rational	decision	
makers	have	too	much	foresight,	which	makes	the	economy	too	static,	and	
suppresses	spontaneous	dynamics.		These	problems	are	compounded	by	the	fact	
that	the	economy	is	always	evolving,	which	means	that	yesterday’s	model	may	not	
work	today,	and	puts	a	limit	on	the	usability	of	data	from	the	past.			This	means	
there	is	not	enough	data	available	to	fit	a	model	of	the	economy	that	has	enough	
moving	parts	to	do	justice	to	the	complexities	of	the	real	economy.		It	also	makes	it	
hard	for	economics	to	take	full	advantage	of	21st	century	technologies	for	gathering	
data	and	simulating	models	on	computers.	

To	solve	these	problems	the	foundations	of	economics	need	to	change.		We	need	to	
take	a	new	direction.		The	new	paradigm	is	called	complexity	economics.		Developing	
complexity	economics	and	putting	it	to	practical	use	is	not	a	simple	project:		It	
requires	a	fundamental	change	in	the	conceptual	foundations	of	economics	that	
enables	the	use	of	modern	interdisciplinary	capabilities	for	collecting	data	and	
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building	models.		It	is	a	major	paradigm	shift	that	will	require	substantial	resources	
to	develop.		Because	it	will	overturn	the	power	structure	and	spheres	of	influence	
within	economics,	it	is	fiercely	resisted	by	the	mainstream.	

The	looming	crisis	of	climate	change	illustrates	why	it	is	so	urgent	to	jumpstart	the	
complexity	economics	revolution	as	soon	as	possible.		Confronting	climate	change	
will	be	the	biggest	challenge	of	the	21st	century.		Our	models	of	the	physics	of	
climate	change	indicate	that	we	need	to	act	soon	to	avoid	catastrophic	shifts	in	the	
earth’s	climate.		But	climate	change	is	caused	by	the	economy.		To	solve	it,	we	need	
to	fundamentally	rewire	the	economy,	changing	the	way	we	generate	energy,	make	
key	materials	and	grow	food.			

The	problems	with	the	mainstream	approach	that	are	listed	above	limit	the	
usefulness	of	current	models	of	the	economics	of	climate	change.		These	models	
make	strong	assumptions	and	give	unreliable	answers	about	the	best	strategy	for	
limiting	it.		They	substantially	overestimate	the	cost,	which	has	been	used	as	an	
argument	to	delay	action.		For	example,	Bill	Nordhaus,	who	received	the	Nobel	Prize	
in	2018,	has	used	a	standard	macro-economic	model	to	balance	the	cost	of	future	
damage	due	to	climate	change	against	the	cost	of	transforming	the	economy	to	
reduce	its	effects.	He	estimates	that	the	“optimal”	temperature	for	global	warming	is	
more	than	three	degrees	Centigrade	(about	five	degrees	Fahrenheit).		Letting	this	
much	warming	happen	would	ultimately	cause	massive	sea	level	rise,	major	
disruptions	to	agriculture,	bleaching	of	coral	reefs	causing	the	collapse	of	fisheries,	
and	a	variety	of	other	serious	problems.			

Our	complexity	economics	models	give	a	very	different	answer.		By	going	down	to	
the	level	of	individual	technologies	and	carefully	modeling	technological	progress,	
we	show	that	the	transition	can	likely	be	made	at	a	negative	cost.		In	other	words,	
even	though	we	need	to	make	substantial	investments	now,	these	investments	will	
more	than	likely	pay	for	themselves	in	terms	of	cheaper	energy	in	the	future.		Our	
analysis	indicates	that	we	should	probably	make	the	transition	as	quickly	as	
possible,	even	without	the	dangers	of	climate	change.		If	we	are	right	there	is	
absolutely	no	reason	to	delay	action	–	we	should	make	the	conversion	to	green	
energy	as	fast	as	possible.	

The	fact	that	these	analyses	yield	such	different	results	–	Nordhaus	says	the	costs	
are	positive	and	large,	while	we	say	they	there	is	a	net	economic	benefit	--	comes	
from	fundamental	differences	in	the	way	the	models	are	built	and	the	assumptions	
they	are	based	on.		This	is	a	dramatic	demonstration	of	why	it	is	so	important	to	
develop	better	complexity	economics	models.		Doing	this	quickly	and	energetically	
could	have	a	major	positive	impact	on	the	fate	of	the	world.	

To	motivate	what	complexity	economics	is,	it	is	useful	to	first	take	a	step	back	and	
ask	a	very	basic	question:		What	is	the	economy?		By	describing	the	economy	in	
complex	systems	terms,	the	need	for	complexity	economics	becomes	apparent.			
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For	most	people,	the	first	thought	that	comes	to	mind	when	economics	is	mentioned	
is	“money”.		While	it	is	true	that	money	and	prices	play	an	essential	role,	money	is	
just	a	useful	component	of	the	way	the	economy	works,	a	means	to	an	end,	rather	
than	the	main	actor	in	the	story.			The	economy	is	rather	a	social	and	physical	
process	that	organizes	material	and	information.		The	economy	takes	energy	and	
raw	materials	from	the	earth	and	combines	them	with	human	labor	to	make	all	the	
things	we	need	(and	don’t	need).	This	is	powerful	but	subtle:		The	economy	is	not	
something	tangible,	it	is	not	the	stuff	itself,	but	rather	the	process	that	makes	the	
stuff.			
	
Although	modern	capitalist	economies	are	fundamentally	based	on	competition,	at	a	
higher	level,	they	provide	a	remarkable	mechanism	for	facilitating	cooperation.		The	
economy	structures	and	coordinates	our	work,	so	that	all	of	us	are	far,	far	more	
effective	than	we	would	be	if	we	had	to	act	in	isolation	and	survive	on	our	own.	Each	
of	us	acts	autonomously,	at	the	same	time	that	the	economy	guides	our	behavior.		
The	economy	is	a	fundamental	part	of	civilization	–	indeed	I	will	argue	that	it	is	its	
metabolism,	as	fundamental	to	everything	we	do	as	our	gut	is	to	our	head.		
Civilization	could	not	exist	without	it.	
	
People	are	the	central	actors	in	the	economy,	so	economics	is	by	definition	a	branch	
of	social	science.		It	distinguishes	itself	from	its	cousins	sociology,	psychology,	
anthropology	and	political	science	by	focusing	on	how	we	provision	our	wants	and	
needs.		Economics	attempts	to	explain	the	process	by	which	we	produce	goods	and	
services	and	how	what	we	produce	is	allocated	among	the	people	who	participate	in	
the	economy.		
	
As	a	caricature,	one	can	think	of	economics	as	the	interaction	of	accounting	and	
behavior.		The	world	consists	of	about	seven	billion	people,	each	of	whom	(at	least	
conceptually)	has	a	balance	sheet	listing	what	she	owns,	what	she	owes	to	others,	
and	the	agreements	she	has	made	that	might	affect	this	in	the	future.		About	3.3	
billion	people	work	for	one	or	more	of	the	50	million	firms	in	the	world,	producing	
goods	and	services	that	constitute	what	we	call	“wealth”.		As	wealth	is	produced	it	
flows	on	and	off	each	balance	sheet	as	goods	and	services	are	produced	and	
consumed	or	thrown	away.		In	this	caricature,	economics	can	be	regarded	as	the	
study	of	the	flows	between	balance	sheets.	
	
Accounting	ought	to	be	the	straightforward	part	of	the	problem.		The	laws	of	
accounting	are	mechanical,	much	like	the	laws	of	physics.		The	problem	is	
complicated,	though,	by	the	fact	that	balance	sheets	cannot	be	considered	
separately.		Every	balance	sheet	is	linked	to	many	other	balance	sheets	–	your	
liabilities	are	someone	else’s	assets.	Every	time	a	transaction	is	made,	something	
flows	in	each	direction	between	the	balance	sheets	of	the	two	parties	of	the	
transaction.		There	are	trillions	of	transactions	every	day.		Many	of	these	
transactions	involve	contracts	that	link	events	at	different	points	in	time,	so	that	to	
understand	the	implications	of	the	transaction	one	must	also	understand	its	effects	
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in	the	future.			The	collection	of	global	balance	sheets	that	make	up	the	economy	is	
an	extremely	large	dynamic	network	with	many	interacting	components.		By	
definition,	this	makes	the	economy	a	complex	system	with	a	vast	number	of	
interacting	parts.			
	
Now	we	come	to	the	part	of	economics	that	makes	it	much	harder	than	physics,	or	
even	biology:		People	make	the	decisions	that	determine	what	flows	on	and	off	of	
balance	sheets.			In	contrast	to	accounting,	human	behavior	is	not	straightforward,	
even	in	principle.		Behavior	is	complicated,	which	is	why	the	social	sciences	are	
more	challenging	than	the	physical	sciences.			In	the	economic	context,	people	make	
decisions	about	where	to	work,	how	much	to	work,	what	to	buy	or	sell	and	how	
much	to	consume	or	save.		They	organize	themselves	into	firms,	which	make	
decisions	about	what	to	create,	what	to	produce	and	what	to	ignore,	and	
governments,	which	coordinate,	restrict	and	encourage	economic	activity.		To	
understand	the	flows	between	balance	sheets	we	need	to	be	able	to	accurately	
replicate	decision	making	with	a	model.	
	
It	may	seem	that	focusing	on	accounting	would	simplify	things	but	we	end	up	
worrying	about	the	same	essential	problem	that	makes	all	the	social	sciences	so	
challenging:	What	determines	human	behavior?	Unfortunately,	while	the	social	
sciences	have	amassed	a	remarkable	body	of	knowledge,	there	is	no	comprehensive	
model	of	human	behavior.		It	is	one	thing	to	know	general	characteristics	such	as	
“people	tend	to	be	overconfident”;	it	is	quite	another	to	predict	what	choices	people	
will	make	in	a	given	situation.		In	the	meantime,	to	do	economics	we	have	to	muddle	
along,	making	do	with	the	best	existing	models	of	behavior	while	working	on	
developing	better	ones.	
	
The	difference	between	complexity	economics	and	mainstream	economics	is	
fundamental.		It	stems	from	a	different	model	of	behavior,	which	has	profound	
implications	for	understanding	the	interaction	between	balance	sheets.		The	
difference	in	the	two	models	of	behavior	dictates	the	complexity	of	the	balance	
sheets	that	can	be	analyzed	and	the	tools	that	are	needed	to	do	economics.		The	two	
approaches	lead	to	very	different	kinds	of	science,	which	is	why	there	is	no	easy	way	
to	move	continuously	from	one	approach	to	the	other.		
	
The	development	of	rational	models	of	decision-making	began	about	sixty	years	ago,	
when	we	knew	much	less	about	human	behavior	and	computers	were	much	less	
powerful	than	they	are	now.		In	economics	this	approach	is	called	rational	
expectations.		Rationality	means	that	everyone’s	decisions	are	in	some	sense	perfect:		
Each	decision	maker	evaluates	all	possible	courses	of	action	and	chooses	the	one	
that	produces	the	best	outcome	from	her	own	selfish	point	of	view.	The	word	
“expectations”	emphasizes	that	decisions	depend	on	reasoning	about	the	future.		A	
rational	decision	maker	is	a	cognitive	superhero	that	can	do	any	calculation	–	
nothing	is	impossible.		Rational	decision	makers	think	about	themselves,	but	they	
also	take	everyone	else	into	account.		In	a	full	rational	expectations	model	everyone	
takes	everyone	else’s	expectations	about	the	future	into	account,	under	the	
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assumption	that	everyone	else	is	rational	too,	and	each	individual	selfishly	chooses	
her	best	option	under	this	assumption.		The	set	of	decisions	where	everyone	has	
found	their	best	choice	is	called	an	equilibrium.	
	
Economists	do	not	believe	that	rational	expectations	is	literally	true	--	they	freely	
admit	that	real	decision	makers	are	not	rational	--	but	they	like	this	approach	
because	it	provides	a	clear	and	unambiguous	way	to	build	models,	which	takes	
reasoning	into	account,	with	a	minimum	of	assumptions.	
	
Nonetheless,	in	the	last	thirty	years	or	so	behavioral	economists	have	attacked	
rational	expectations	and	shown	that	in	many	circumstances	it	is	a	poor	assumption.		
Sometimes	people	behave	like	rational	decision	makers,	but	often	they	don’t.		There	
is	now	a	long	list	of	examples	where	rational	expectations	fails,	often	badly.		
However,	the	behaviorists	have	yet	to	provide	a	good	replacement	--	it	is	much	
easier	to	show	that	something	is	wrong	than	to	create	something	new.		As	a	result,	
economics	is	stuck	in	a	schizophrenic	state:		Most	of	the	models	in	economics,	and	in	
particular	models	that	are	used	by	governments	and	central	banks,	are	still	based	on	
rationality,	even	though	everyone	knows	that	this	assumption	has	serious	problems.			
	
Economists	are	working	hard	to	fix	this.		The	main	strategy	for	solving	the	problem	
is	to	constrain	rationality,	meaning	that,	while	decision	makers	are	still	rational,	
their	behavior	is	limited	by	the	constraints	imposed	by	the	world	around	them.	
These	constraints,	which	are	called	frictions,	include	factors	such	as	the	lack	of	full	
information,	or	institutional,	social	or	environmental	restrictions,	such	as	the	fact	
that	prices	cannot	always	adjust	continuously.		Under	constrained	rationality,	
decision	makers	are	as	rational	as	they	can	be,	given	the	constraints	that	they	must	
act	under.		
Can	this	incremental	approach	ever	result	in	realistic	models	of	behavior?	I	doubt	it.		
The	empirical	evidence	suggests	that	people	are	simply	not	rational,	which	is	
fundamentally	different	than	constrained	rationality.	
	
This	leaves	economics	in	a	quandary.		Rationality	has	dominated	economics	for	the	
last	60	years	and	the	theoretical	framework	that	emerged	from	the	efforts	of	three	
generations	of	brilliant	economists	is	built	around	it.		Economists	are	
understandably	reluctant	to	abandon	everything	and	start	over.			
	
Complexity	economics,	in	contrast,	strives	to	use	realistic	models	of	behavior	that	
are	grounded	in	psychological	experiments	and	sociological	studies	of	how	people	
actually	solve	problems.		Complexity	economics	takes	the	lessons	of	social	science	
literally.		Real	people	do	a	little	bit	of	reasoning,	but	they	typically	make	heavy	use	of	
what	are	called	heuristics		--	simple	rules	of	thumb.		In	chess,	for	example,	a	simple	
heuristic	is	“a	queen	is	better	than	a	rook”,	and	“a	little	bit	of	reasoning”	might	mean	
looking	ahead	a	few	moves	to	see	whether	there	is	a	way	to	swap	a	rook	for	a	queen,	
without	worrying	about	looking	for	a	checkmate.		The	combination	of	heuristics	and	
myopic	reasoning	is	a	fundamentally	different	model	of	behavior	than	constrained	
rationality.			Remarkably,	in	many	cases	using	heuristics	leads	to	the	same	
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equilibrium	as	rational	expectations.		But	in	many	other	cases	it	doesn’t,	and	the	two	
models	make	fundamentally	different	predictions.	
	
These	two	models	of	behavior	have	ramifications	that	go	far	beyond	the	differences	
in	the	models	themselves.		The	two	models	require	very	different	toolkits,	with	
different	skills	and	supporting	knowledge.		The	process	of	building	models	is	
fundamentally	different	and	so	are	the	types	of	problems	that	can	be	solved.		
	
The	difference	becomes	particularly	apparent	when	we	try	to	understand	the	
economy	as	a	dynamic	network	of	interacting	balance	sheets.		As	soon	as	the	
situation	gets	complicated	the	mathematics	of	rational	expectations	models	
becomes	difficult.		In	most	cases	it	is	difficult	to	solve	rational	expectations	models	
for	more	than	two	or	three	interacting	balance	sheets.			The	equations	just	get	too	
complicated.		Making	models	using	rational	expectations	is	hard,	and	it	gets	harder	
and	harder	as	the	economic	assumptions	become	more	realistic.		This	is	not	
surprising	given	the	perfection	that	is	implicit	in	the	assumption	of	rational	
expectations	–	just	think	how	hard	it	is	to	do	something	perfectly!	
	
Economists	cope	with	this	by	simplifying.		They	leave	out	the	parts	of	the	problem	
that	make	it	too	hard	to	solve	and	keep	modifying	the	problem	until	it	can	be	solved.			
This	often	means	leaving	important	things	out.		In	the	case	of	the	economic	models	
that	existed	before	the	crisis,	for	example,	this	meant	leaving	out	default	and	the	
household	sector	–	it	was	just	too	hard	to	put	them	in.		Since	the	crisis,	economists	
have	worked	hard	to	put	in	the	things	that	were	previously	omitted.		They	have	had	
some	success,	but	as	the	models	get	more	complicated,	they	get	more	and	more	
difficult	to	solve,	and	progress	slows	down.		Even	the	most	sophisticated	models	are	
forced	to	make	many	simplifying	assumptions	that	compromise	their	realism.		I	call	
this	problem	the	straightjacket	of	rationality.	
	
The	straightjacket	of	rationality	often	forces	so	many	simplifications	that	the	baby	
gets	thrown	out	with	the	bathwater.		The	models	that	central	banks	and	
governments	use	are	drastic	simplifications	of	reality	that	omit	many	of	the	
essential	moving	parts	of	the	economy.		The	net	result	is	models	that	are	wrong	both	
because	the	decision-makers	in	the	model	are	unrealistically	rational	and	because	
key	components	of	the	economy	are	omitted.	
	
Models	of	rational	expectations	are	solved	using	mathematics.		This	means	writing	
down	equations	and	solving	them,	and	in	some	cases	it	means	proving	theorems	
that	describe	general	properties.		Complexity	economics	models,	in	contrast,	are	
usually	solved	using	computer	simulation.		A	simulation	is	the	imitation	of	a	process	
in	one	medium	by	a	process	in	another	medium.	A	computer	simulation	mocks	up	a	
real	world	situation	and	mimics	its	key	aspects	as	they	evolve	through	time.		A	
simulation	is	an	artificial	“virtual	reality”,	in	which	the	processes	in	the	computer	
are	intended	to	be	in	one-to-one	correspondence	with	those	in	the	real	world.		They	
are	of	course	simplified	–	the	key	is	to	concentrate	on	what	is	important	and	leave	
the	rest	behind.	
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For	example,	traffic	is	one	of	the	areas	where	simulations	have	been	very	successful.		
In	a	traffic	simulation	a	computer	keeps	track	of	many	individual	cars	and	makes	
decisions	about	when	each	car	should	speed	up	or	slow	down	or	change	its	route.		
Each	car’s	decisions	are	based	on	its	environment,	and	in	particular	on	what	the	
other	cars	are	doing.		Using	such	simulations,	it	is	possible	to	accurately	predict	
situations	when	traffic	jams	will	occur,	or	to	help	city	planners	understand	the	likely	
outcome	of	changes	such	as	a	new	bridge	or	an	expansion	of	the	road	system.			
	
Similarly,	an	economic	simulation	tracks	the	balance	sheets	of	individual	
households	and	firms	and	their	interactions	with	each	other.			In	economics	
decision-makers	are	called	agents	and	the	simulation	approach	is	called	agent-based	
modeling	to	emphasize	the	challenge	of	modeling	the	behavior	of	decision	makers.			
Rational	agents	are	difficult	to	simulate,	and	usually	become	impossible	to	simulate	
as	soon	as	things	get	realistically	complicated.			Behavioral	heuristics,	in	contrast,	
make	this	feasible.		A	set	of	rules	are	programmed	into	the	computer,	and	as	each	
agent	needs	to	make	a	decision,	she	applies	her	rule	or	does	a	bit	of	reasoning	as	
needed,	and	makes	her	decision.		As	long	as	the	heuristics	are	reasonably	simple	and	
the	reasoning	is	not	too	complicated,	it	is	possible	to	simulate	the	behavior	of	a	very	
large	number	of	interacting	balance	sheets.		More	economic	realism	requires	more	
computer	memory	and	more	computer	time,	but	as	computers	get	better	and	better,	
this	gets	easier	and	easier.	
	
One	of	the	hardest	problems	in	contemporary	economics	is	understanding	the	
effects	of	heterogeneity.		The	balance	sheet	of	a	tribesman	in	New	Guinea	is	very	
different	than	that	of	Jeff	Bezos,	and	the	decisions	he	makes	are	correspondingly	
different.		Similarly,	the	economics	of	a	mom	and	pop	hamburger	stand	are	very	
different	from	that	of	Apple	Computer.		If	we	want	to	combine	them	into	a	single	
model	for	the	whole	economy,	we	need	to	treat	these	very	differently.	
Up	until	recently,	most	models	based	on	rational	expectations	made	drastic	
simplifications,	reducing	the	diversity	of	the	economic	world	down	to	a	few	
“representative	agents”.			In	this	same	spirit,	standard	macroeconomic	models	like	
FRB/US	are	based	on	aggregate	data.		To	construct	a	quantity	like	GDP	or	
unemployment,	economists	gather	data	on	individual	companies	or	individual	
works	and	then	take	averages.		Standard	models	are	couched	in	terms	of	these	
averages,	which	are	then	fed	into	representative	agent	models.	
	
Nordhaus’s	model	of	climate	change,	for	example,	bases	its	decisions	on	those	of	a	
single	representative	agent,	who	represents	everyone	in	the	world.		This	agent	
works	for	a	single	representative	firm,	who	represents	all	the	companies	in	the	
world.		This	firm’s	productivity	depends	on	a	single	representative	technology	that	
determines	all	of	economic	growth.		As	I	already	mentioned,	models	like	this	are	
made	because	it	is	too	hard	to	solve	the	rational	expectations	model	with	many	
diverse,	interacting	balance	sheets.			
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Economists	are	working	hard	to	change	this,	and	coping	with	heterogeneity	is	
currently	one	of	the	main	focuses	in	macroeconomics.			As	it	turns	out,	while	coping	
with	many	balance	sheets	at	a	time	is	hard,	sometimes	it	is	possible	to	find	solutions	
using	constrained	rational	expectations	by	assuming	that	there	are	an	infinite	
number	of	balance	sheets.		These	might	correspond,	for	example,	to	a	distribution	of	
households	with	different	education	and	skill	levels.			Households	at	one	end	of	the	
distribution	make	a	different	kind	of	decision	than	those	at	the	other	end.	
	
The	problem	with	this	approach,	however,	is	that	it	makes	a	hard	problem	even	
harder.		The	mathematics	becomes	even	more	difficult,	and	to	make	the	solutions	
work,	other	key	aspects	of	the	economy	have	to	be	omitted.		It	is	usually	only	
possible	to	address	one	type	of	heterogeneity	at	a	time.		There	are	no	existing	
macroeconomic	models	based	on	constrained	rationality	that	have	both	
heterogeneous	firms	and	heterogeneous	households.		There	are	either	diverse	
households	all	working	for	the	same	firm,	or	diverse	firms	whose	laborers	are	all	the	
same.			Maybe	a	solution	can	be	found	in	the	future,	but	for	now	situations	like	this	
are	just	too	complicated	to	solve	in	any	realistic	way	using	constrained	rational	
expectations.	
	
One	of	the	biggest	advantages	of	complexity	economics	is	that	it	is	easy	to	treat	
heterogeneity	using	agent-based	models.		There	is	no	problem	with	making	each	
household	and	each	firm	different.		One	just	needs	to	tell	the	computer	how	they	are	
different,	and	it	automatically	handles	the	differences.		There	are	many	examples	of	
agent-based	models	with	heterogeneity	in	both	firms	and	households,	and	there	are	
many	demonstrations	that	this	makes	a	big	difference	in	the	answers.	
	
Understanding	how	inequality	affects	economic	growth	is	a	prime	example	where	
heterogeneity	is	really	important.		Rich	people	have	very	different	interests	than	
poor	people	and	make	very	different	decisions.		Beyond	the	ethical	concerns,	there	
is	a	debate	about	how	inequality	affects	economic	growth.		The	rich	have	more	
wealth	than	they	can	consume	themselves.		This	helps	economic	growth	because	it	
provides	a	reservoir	of	investment	capital,	but	it	can	hurt	the	economy	because	it	
provides	a	consumption	deficit	–	the	poor	and	the	middle	class	spend	most	of	their	
income,	but	the	rich	spend	only	a	fraction.		The	economy	needs	investment	but	it	
also	needs	consumers.		What	is	the	right	balance	to	maximize	economic	growth?		
The	answer	is	not	obvious	and	the	devil	is	in	the	details.		This	is	a	problem	where	
the	ability	of	complexity	economics	to	easily	incorporate	heterogeneity	gives	it	
obvious	advantages,	which	remain	to	be	properly	exploited.	
	
The	complex	systems	approach	embraces	the	fact	that	the	economy	is	an	emergent	
phenomenon.		By	this	I	mean	that	the	whole	is	different	than	the	sum	of	its	parts,	
and	the	system	as	a	whole	exhibits	properties	that	are	qualitatively	different	from	
those	of	its	individual	parts.		The	classic	example	is	the	brain:		An	individual	neuron	
is	a	relatively	simple	input-output	device	that	takes	in	stimuli	from	other	neurons	
and	produces	new	stimuli;	somehow	the	85	billion	neurons	in	the	human	brain	
combine	to	produce	consciousness.		A	key	insight	of	complex	systems	is	that	size	
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matters:		The	cognitive	abilities	of	the	85	billion	neurons	of	the	human	brain	are	
qualitatively	different	than	those	of	the	302	neurons	of	a	nematode	worm.		The	
emergent	properties	of	the	economy	are	evident	from	the	fact	that	the	combined	
efforts	of	seven	billion	people	produce	far	more	than	those	same	people	could	
produce	acting	on	their	own.				The	science	of	complex	systems	suggest	that	one	
cannot	really	understand	the	emergent	economy	by	studying	only	a	few	
representative	agents	–	it	is	really	necessary	to	simulate	models	with	enough	
elements	to	capture	key	behaviors.	
	
One	of	these	is	dynamics.		The	economy	is	changing	all	the	time	as	it	goes	through	
periods	of	growth	and	periods	of	recession.		What	causes	it	to	change?		The	
traditional	view	based	on	models	with	rational	agents	is	that,	if	left	on	its	own,	the	
economy	would	settle	into	a	static	equilibrium.		Under	this	view	the	dynamics	of	the	
economy	are	driven	by	outside	shocks.		The	economy	receives	exogenous	shocks,	
caused	by	outside	events	like	wars	or	the	invention	of	new	technologies,	and	
responds	to	them;	otherwise	nothing	would	change.			
	
The	science	of	complex	systems,	in	contrast,	suggests	that	this	dynamics	may	often	
be	due	to	the	nonlinear	interactions	of	the	economy	with	itself.		For	example,	risk	
control	by	individual	banks	can	lead	to	spontaneous	oscillations	in	the	economy	that	
closely	resemble	the	build	up	and	subsequent	crash	of	the	crisis	of	2008.		The	
possibility	of	such	spontaneous	oscillations	leads	to	very	different	insights	about	the	
causes	of	booms	and	busts.	
	
The	caricature	of	economics	as	the	study	of	flows	between	balance	sheets	leaves	out	
the	fact	that	the	economy	is	fundamentally	a	creative	process.		The	economy	is	
continually	evolving.		It	creates	new	technologies	and	new	institutions	and	they	
replace	the	old	ones.			This	can	cause	problems	–	the	crisis	of	2008	was	significantly	
due	to	a	misunderstanding	of	the	collective	properties	of	a	new	financial	technology	
called	a	mortgage-backed	security	–	but	it	is	the	underlying	driving	force	of	our	
prosperity.		It	is	the	driving	force	of	economic	growth.	
	
As	a	result	of	this	creative	process,	the	network	of	interacting	balance	sheets	is	
always	changing.			A	fundamental	shift	in	the	structure	of	the	economy	due	to	major	
innovations,	like	important	new	technologies	or	new	ways	of	organizing	production,	
is	called	a	structural	change.			The	economy	now	is	significantly	different	than	it	was	
100	years	ago,	and	utterly	different	than	it	was	10,000	years	ago.			The	economy	is	
always	changing	as	new	balance	sheets	are	added,	new	types	of	contracts	are	
created,	new	technologies	emerge	and	new	institutions	are	created.			
	
Complexity	economics	provides	a	new	approach	to	understanding	structural	
change.		It	naturally	models	the	economy	as	an	ecology	of	specialists,	each	
performing	distinct	tasks	based	on	their	own	specialized	knowledge.	We	specialize	
precisely	because	we	are	not	rational.		Rational	agents	do	everything	perfectly	and	
so	have	no	need	to	specialize.			Real	agents,	in	contrast,	have	limited	capabilities,	
which	is	why	they	specialize.			There	are	thousands	of	professions	and	thousands	of	
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distinct	industries.		To	understand	how	goods	and	services	are	actually	produced	
we	need	to	understand	the	ecology	of	production.		To	understand	structural	change,	
we	need	to	understand	how	the	different	agents	in	the	economy	interact	to	foster	
the	creation	of	new	institutions	and	products.			
	
The	ecological	framework	sets	us	up	for	a	better	understanding	of	the	evolution	of	
the	economy.		Evolution	is	incompatible	with	rationality:		Rational	agents	are	
already	perfect,	so	why	would	they	evolve?		Agents	specialize	because	of	their	
limitations.		Specialists	are	always	struggling	to	be	a	bit	better,	seeking	new	
heuristics	that	will	allow	them	to	improve.			We	cannot	them	in	isolation	--	the	
evolution	of	each	specialist	is	shaped	by	the	ecology	of	specialists	that	it	competes	
and	cooperates	with.		One	cannot	understand	evolution	and	structural	change	in	
economics	without	understanding	its	ecological	context,	and	complexity	economics	
provides	the	natural	framework	to	do	this.	
	
The	fact	that	the	economy	is	always	evolving	creates	a	serious	problem	in	trying	to	
understand	 the	 year-to-year	 dynamics	 of	 growth	 and	 recession.	 	 Because	 of	
structural	 change,	 at	 any	 given	 point	 in	 time	 there	 is	 only	 a	 limit	 amount	 of	 data	
where	the	structure	of	the	economy	in	the	past	is	sufficiently	similar	to	that	of	the	
present	to	be	useful	for	building	models.		
	
This	causes	a	problem	in	 fitting	models	so	 that	 they	correspond	to	 the	real	world.		
Although	theory	might	tell	us	the	basic	form	of	a	model,	there	are	always	unknown	
parameters	that	remain	to	be	pinned	down	by	comparing	to	historical	data.		Finding	
the	 right	 parameter	 values	 is	 called	 fitting	 a	 model.	 	 As	 the	 models	 get	 more	
complicated	it	becomes	necessary	to	add	more	free	parameters,	which	require	more	
data	 to	 pin	 down.	 Even	 if	we	 assume	 the	 economy	 now	 can	 be	 understood	 using	
data	 reaching	 back	 to	 World	 War	 II,	 the	 entire	 historical	 record	 used	 to	 fit	 a	
standard	macroeconomic	model	such	as	FRB/US	can	be	compressed	into	500	bytes	
or	 less.	 	 This	 is	 a	 tiny	 amount	 of	 data!	 	 This	 means	 that	 to	 adequately	 fit	 these	
models	to	the	real	world,	they	need	to	be	kept	very	simple.		
	
This	creates	what	I	call	the	Catch	22	of	macroeconomics:		The	economy	is	complex	but	
we	only	have	 limited	data	 for	 fitting	models.	 	We	 are	 stuck	 in	 a	 dilemma:	 	We	 can	
accurately	fit	models	that	are	much	too	simple,	and	fail	to	capture	essential	aspects	
of	 the	 economy,	 or	we	 can	 try	 to	 fit	models	 that	have	 the	needed	 complexity,	 but	
because	we	have	 too	 little	data	 they	will	be	wildly	 inaccurate.	Either	way	we	 lose.		
Catch	22!		
	
Complexity	economics	indicates	a	way	to	improve	this	situation:	Abandon	aggregate	
models	and	replace	them	by	fine-grained	models,	where	we	have	much	more	data.			
In	the	21st	century	we	have	the	capability	to	collect	vast	quantities	of	fine-grained	
data	and	use	it	to	simulate	the	economy	in	great	detail.		This	follows	the	standard	
approach	in	complex	systems:	Break	a	system	into	its	parts	and	simulate	the	
interactions	of	the	parts.			
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We’ll	discuss	how	this	could	fix	the	Catch	22	of	macroeconomics	in	a	moment,	but	
before	we	do,	we	need	to	talk	about	the	intellectual	landscape	that	complexity	
economics	operates	within.		Complexity	economics	is	highly	controversial	and	has	
been	fiercely	resisted	by	the	mainstream.		Why?	
	
As	background,	the	economics	establishment	has	ignored	its	own	advice	when	it	
comes	to	diversifying	its	research	portfolio.		One	of	the	most	important	results	of	
financial	economics	is	that	diversification	is	good.		A	good	investor	spreads	her	
investments	across	many	different	assets.	This	is	why	most	mutual	funds	invest	in	at	
least	ten	or	twenty	different	stocks.2			This	is	why	most	problems	are	best-solved	
using	teams	with	diverse	talents,	capabilities,	training	and	points	of	view.3		Ignoring	
this	basic	rule,	the	economics	establishment	has	put	almost	all	of	its	eggs	in	one	
basket.	
	
To	understand	why	this	has	happened	it	helps	to	understand	how	the	academic	
establishment	works	in	economics.		There	are	about	40,000	economists	in	the	world	
who	do	publishable	research.4		A	large	fraction	of	these	do	data-driven	work	that	is	
grounded	more	in	statistics	than	economic	theory,	but	among	those	who	do	theory,	
the	vast	majority	work	within	the	(constrained)	rational	expectations	framework.		
There	is	strong	peer	pressure	to	stay	inside	this	framework.	
	
The	field	of	economics	goes	to	great	efforts	to	exert	quality	control.	It	is	dominated	
by	five	journals	(out	of	perhaps	350).		These	top	five	journals	are	all	American	and	
are	associated	with	prestigious	American	Universities	such	as	MIT	and	University	of	
Chicago.		Career	advancement	is	significantly	based	on	placing	publications	in	the	
top	five	journals.		Oxford,	for	example,	has	a	simple	rule:		To	get	tenure	in	the	
economics	department	a	junior	faculty	member	needs	to	publish	two	papers	in	the	
top	five	journals.		This	is	very	different	from	the	physical	sciences,	which	have	a	
flatter	publication	prestige	hierarchy.		Work	in	economics	that	is	currently	
publishable	in	the	top	journals,	and	the	economists	who	publish	in	those	journals,	
constitute	the	mainstream.		

As	the	gatekeepers	of	quality	for	the	mainstream,	the	editors	of	the	top	journals	
strongly	enforce	conformity.	There	is	a	list	of	ideas	that	are	allowed	and	the	rest,	
like	complexity	economics,	are	not	allowed.				While	economics	is	a	dynamic	field,	it	
has	a	history	of	strongly	resisting	novelty.		Examples	of	ideas	that	were	initially	

																																																								
2	Clive	Granger.			
	
3	Scott	Page	
4	There	are	about	43,000	members	of	REPEC,	a	major	depository	of	economics	research	papers,	but	I	
suspect	many	of	these	work	primarily	in	other	fields	or	are	no	longer	active.		There	are	18,000	
members	of	the	American	Economics	Association.		This	also	includes	many	foreign	members,	but	
certainly	undercounts	the	number	of	economists	in	the	world.		StudentScholarships.org	states	that	
“There	are	approximately	14,600	people	employed	as	economists”	but	do	not	give	the	source	of	their	
number	and	it	is	not	clear	if	this	is	a	U.S.	number	or	a	global	number	(I	suspect	it	is	a	US	number).	
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viewed	with	suspicion	and	that	only	slowly	worked	their	way	up	to	the	status	of	
being	publishable	in	a	top	journal	include	game	theory,	experimental	economics	and	
behavioral	economics.		These	are	all	topics	whose	initial	exclusion	now	seems	
strange.		Each	of	these	struggles	took	decades.		While	the	struggles	were	going	on,	
only	a	few	people	had	the	courage	to	work	in	these	areas,	which	slowed	down	
progress	in	making	better	economic	models.			A	similar	struggle	is	playing	out	now	
with	complexity	economics.		

The	unfortunate	result	of	this	strong	pressure	to	conform	is	a	lack	of	intellectual	
diversity.		The	few	economists	who	don’t	go	along	with	the	mainstream	call	
themselves	“heterodox	economists”,	to	draw	attention	to	the	fact	that	they	do	not	
hold	the	orthodox	view.	Out	of	the	40,000	economists	in	the	world,	there	are	
perhaps	500	heterodox	economists.		Perhaps	100	of	these	work	in	complexity	
economics,	and	many	of	these,	like	me,	were	trained	in	other	fields.		Why	is	this	
effort	so	small?		Because	it	is	not	supported	by	the	mainstream.		It	is	virtually	
impossible	to	get	tenure	in	an	American	university	by	working	in	complexity	
economics.		The	mainstream	exercises	a	monopoly	on	the	profession:		Ideas	require	
people	with	jobs	to	develop	them,	and	good	jobs	outside	the	mainstream	are	hard	to	
find.			

I	like	to	visualize	the	quest	to	make	better	economic	models	in	terms	of	explorers	
wandering	in	a	wilderness,	like	the	one	shown	in	Figure	1.		These	explorers	seek	a	
model	of	the	collective	human	mind,	one	that	is	good	enough	to	turn	this	into	an	
effective	economic	model.	
	
The	wilderness	metaphor	is	inspired	by	a	warning	that	is	given	to	young	economists	
who	are	tempted	to	venture	into	complexity	economics:		There	is	danger	of	getting	
lost	in	the	wilderness	of	bounded	rationality.		The	word	“wilderness”	emphasizes	the	
fact	that	the	collection	of	human	minds	is	complicated	and	not	easy	to	understand.		
Although	it	sounds	similar,	the	phrase	“bounded	rationality”	is	very	different	from	
constrained	rationality.		Constrained	rationality	means	the	ability	to	do	all	
calculations	perfectly,	subject	to	constraints	that	are	imposed	from	the	outside.		
Bounded	rationality,	in	contrast,	means	doing	things	imperfectly	due	to	limited	
computational	capabilities,	like	limited	memory	or	limited	time.		It	allows	for	the	
possibility	of	making	cognitive	errors.			
	
These	two	assumptions	are	very	different	and	they	lead	to	very	different	kinds	of	
science.		The	mainstream	likes	constrained	rationality	because	it	is	conceptually	
simple	and	well	defined;	it	dislikes	bounded	rationality	because	it	is	messy	and	
poorly	defined.		The	difference	is	reminiscent	of	Tolstoy’s	famous	opening	to	Anna	
Karenina,	“All	happy	families	are	alike;	every	unhappy	family	is	unhappy	in	its	own	
way”.		Given	a	set	of	constraints,	there	is	only	one	way	to	be	rational,	but	each	
boundedly	rational	mind	is	boundedly	rational	in	its	own	way.		It	has	its	own	
limitations	and	its	makes	its	own	idiosyncratic	errors.		Once	we	accept	the	fact	that	
real	people	are	boundedly	rational,	the	collection	of	human	minds	becomes	a	
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complicated	mess,	like	a	wilderness,	which	makes	it	hard	to	model.		The	danger	of	
getting	lost	in	this	wilderness	makes	mainstream	economists	hesitant	to	venture	
very	far	into	it.		Nonetheless,	they	cannot	avoid	this	entirely	…		
	
	
	
	
	
	
	

	

Figure	1.		The	wilderness	of	bounded	rationality	

How	people	think	and	behave	is	complicated	and	there	is	a	danger	of	getting	lost	in	
trying	to	capture	it	in	economic	models.		To	find	one’s	way	it	can	be	useful	to	begin	
with	extreme	assumptions,	such	as	perfect	rationality	or	zero	intelligence.		The	
mainstream	economists	enter	via	the	perfect	rationality	gate	and	then	incrementally	
add	imperfections.		One	can	also	enter	via	the	zero	intelligence	gate	and	
incrementally	add	intelligence.	The	truly	brave	souls	parachute	into	the	middle;	
while	they	might	be	right,	they	risk	being	lost.	
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In	the	quest	for	better	economic	models,	each	explorer	spends	her	life	in	the	
wilderness,	gathering	knowledge	and	condensing	it	into	a	model	of	the	economy.		
The	explorers	are	in	competition	to	find	the	Holy	Grail,	the	model	that	makes	the	
best	predictions.		The	stakes	are	high:		We	desperately	need	better	economic	
models,	and	each	explorer	seeks	the	fame	and	recognition	that	would	come	with	
success.	
	
There	are	two	entrances	lying	on	opposite	sides	of	the	wilderness,	which	I	will	call	
the	perfect	rationality	gate	and	the	zero	intelligence	gate.		Most	explorers	enter	
through	one	of	these	two	gates	and	try	to	keep	it	in	sight,	as	there	is	a	serious	
danger	of	getting	lost.			Explorers	that	venture	too	deep,	too	quickly,	risk	losing	their	
bearings	and	wasting	valuable	time.	
	
The	explorers	form	organize	themselves	into	teams.		The	rationality	team	entered	
sixty	years	ago	through	the	gate	bearing	its	name.		Their	expedition	rapidly	grew	in	
size,	accumulating	tens	of	thousands	of	researchers	over	several	generations.		It	
advanced	systematically,	staying	close	to	the	gate,	and	making	elegant	mathematical	
models.			However,	after	several	generations	of	effort,	they	have	discovered	that	
rationality	is	a	harsh	taskmaster.		The	difficult	mathematics	required	for	each	new	
step	deeper	into	the	wilderness	has	proved	challenging.		They	have	made	some	
progress	but	it	has	been	slow	going.	
	
Meanwhile,	about	thirty	years	ago,	the	behavioral	economists	formed	a	new	team,	
which	has	dogged	the	heels	of	the	rationality	team.		They	examined	everything	the	
rationality	team	did	and	systematically	rejected	much	of	it	for	empirical	reasons.		
They	have	now	convinced	the	rationality	team	that	the	Holy	Grail	lies	deeper	inside	
the	wilderness,	where	things	are	more	complicated,	but	have	so	far	been	unable	to	
give	them	a	map	to	find	it.	The	rationality	team	has	responded	by	investigating	more	
and	more	constraints	to	rationality.		They	have	had	some	success,	and	moved	into	
the	wilderness	a	bit,	but	the	predictions	of	the	models	are	still	not	satisfying.		
Progress	is	slow	and	for	practical	purposes	the	modelers	remain	close	to	the	
rationality	gate.	
	
In	the	meantime	a	few	nonconformists	sneaked	around	to	the	back	of	the	wilderness	
and	entered	through	the	much	less	travelled	zero	intelligence	gate.			Zero	intelligence	
is	the	hypothesis	that	people	make	decisions	by	just	flipping	coins.		You	say,	“That’s	
ridiculous!		People	may	not	be	rational,	but	they	certainly	don’t	just	choose	
everything	at	random.”		This	is	of	course	true.			Zero	intelligence	is	obviously	an	
extreme	assumption	–	social	science	is	harder	than	physical	science	precisely	
because	people	think.		No	one	takes	the	zero-intelligence	assumption	literally,	but	
the	view	of	the	zero	intelligence	gang	is	that	it	provides	another	useful	(and	much	
less	explored)	starting	point.		Their	research	program	is	to	begin	with	zero	
intelligence,	and	then	move	more	deeply	into	the	wilderness	by	adding	levels	of	
simple	reasoning.		This	is	like	playing	chess	by	randomly	deciding	which	piece	to	
move,	then	getting	better	by	looking	ahead	a	few	moves.		Like	rationality,	zero	
intelligence	is	a	simple	and	clear-cut	hypothesis	that	provides	a	convenient	
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reference	point.		It	can	be	particularly	useful	to	probe	the	role	that	institutions	play	
in	shaping	our	behavior	and	generating	economic	outcomes,	and	sometimes	it	gives	
a	good	match	to	reality.		
	
The	zero	intelligence	gang	consists	of	less	than	a	hundred	people.		A	few	economists	
were	the	first	to	enter,	but	not	many	of	their	colleagues	followed.		Starting	in	the	
mid-1990s	physicists	began	poring	in	through	this	gate,	calling	themselves	
“econophysicists”.		I	began	my	journey	into	economics	this	way.		The	zero	
intelligence	gang	remains	small.		Given	its	much	smaller	size,	it	is	hard	to	compare	
its	progress	to	that	of	the	rationality	team,	but	my	own,	perhaps	biased,	view	is	that	
in	relation	to	the	effort	expended,	there	have	been	some	substantial	
accomplishments,	so	that	on	a	cost-benefit	basis	this	it	fares	well.	
	
Most	of	the	people	in	the	zero	intelligence	gang	did	not	linger	near	the	gate	very	
long.		Pushing	deeper	into	the	wilderness,	they	found	a	few	brave	individuals	who	
embraced	the	complexity	of	the	human	mind	and	walked	in	without	pausing	at	the	
gates,	or	simply	parachuted	down	into	the	middle	and	let	themselves	get	lost.5		This	
group	has	searched	for	good	models	in	the	sister	sciences	of	psychology	and	
sociology,	embracing	economics	experiments	and	making	some	alliances	with	
behavioral	economists.	
	
The	complexity	economics	team	that	I	belong	to	is	a	loose	amalgam	of	the	advancing	
vanguard	of	the	zero	intelligence	gang,	the	parachutists,	and	some	defectors	from	
the	constrained	rationality	team.		It	consists	of	a	hundred	or	so	researchers.		Their	
rough	and	ready	computer	gear	distinguishes	them	from	the	more	elegant	
mathematical	attire	of	the	constrained	rationality	team.			
	
There	is	unfortunately	fierce	rivalry	between	the	complexity	economics	gang	and	
the	dominant	constrained	rationality	team.		They	speak	a	different	language	and	
work	within	different	paradigms.		The	complexity	team	wants	more	resources	and	it	
wants	to	be	admitted	into	the	best	journals	and	top	universities.		The	constrained	
rationality	team	doubts	whether	their	approach	can	add	value,	and	fears	that	if	it	
does,	their	own	skill	set	will	become	less	valuable,	and	so	tries	to	keep	them	out.		
There	are	nonetheless	recently	some	hopeful	signs	that	this	is	about	to	change.	
	
The	debate	about	how	to	do	economics	and	the	competition	between	these	different	
points	of	view	is	rooted	in	a	deeper	philosophical	debate	about	how	science	should	

																																																								
5	Psychologists	like	Gerd	Gigerenzer	have	systematically	compiled	a	list	of	heuristics,	simple	rules	of	
thumb,	that	real	people	use	for	decision-making.	Economists	such	as	Herbert	Dawid	and	Michael	
Neugart	have	scoured	the	management	science	literature	to	find	the	rules	that	real	businesses	use	to	
manage	inventories	and	set	prices.		These	rules	were	then	incorporated	into	large-scale	
heterogeneous	agent	models	that	attempt	to	achieve	realism	in	a	much	more	literal	manner	than	the	
mainstream	equilibrium	models.				Their	EURACE	model	produces	some	qualitatively	realistic-
looking	behaviors,	such	as	endogenous	business	cycles	that	resemble	real	business	cycles,	but	so	far	
they	have	not	gained	wide	acceptance.			A	similar	approach	was	followed	by	the	group	of	Giovanni	
Dosi	in	Pisa.			
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be	done.	Milton	Friedman,	who	 is	one	of	 the	most	 famous	and	most	 controversial	
economists	of	the	20th	century,	argued	that	models	should	be	evaluated	solely	on	the	
quality	 of	 their	 predictions	 rather	 than	 on	 the	 believability	 of	 their	 assumptions.		
Even	 if	 the	 assumptions	 of	 a	 model	 are	 far-fetched,	 he	 said,	 the	 economy	 may	
behave	 “as	 if”	 they	 are	 true.	 	 He	 used	 this	 to	 justify	 the	 assumption	 of	 rational	
expectations,	 saying	 that,	 even	 if	 individuals	 are	 not	 rational,	 aggregates	 of	
individuals	may	behave	“as	if”	they	were.			
	
While	 many	 economists	 may	 now	 distance	 themselves	 from	 Friedman,	 this	
reasoning	 remains	 at	 the	 core	 of	 the	 justification	 for	 the	 constrained	 rationality	
research	 program.	 	 We	 know	 that	 real	 people	 can	 never	 accomplish	 the	 heroic	
cognitive	 feats	 required	 by	 constrained	 rationality,	 but	 perhaps	 once	we	 find	 the	
right	 constraints,	 the	 results	 will	 be	 “as	 if”	 they	 had	 more	 realistic	 bounded	
rationality?	 And	 perhaps	 we	 can	 do	 this	 without	 having	 to	 make	 the	 messy,	
inelegant	models	 that	 a	 literal	 rendering	 of	 the	wilderness	 of	 bounded	 rationality	
would	bring?	
	
Every	good	scientist	agrees	that	models	should	be	judged	based	on	their	predictions	
of	 empirical	 facts.	 	 Unfortunately,	 in	 economics	 this	 is	 often	 inconclusive.	 It	 is	
frequently	 the	case	 that	many	models	 fit	 the	 facts	 loosely,	while	none	of	 them	 fits	
them	 tightly.	 	 We	 have	 to	 make	 bets	 about	 what	 is	 right	 based	 on	 incomplete	
evidence.		“As	if”	arguments	should	be	regarded	with	suspicion.		Instead	we	should	
follow	what	I	call	the	principle	of	verisimilitude:	Models	should	match	key	aspects	of	
reality.		Their	assumptions	should	be	plausible.		Assumptions	that	seem	wrong	from	
the	 outset	 are	 likely	 to	 lead	 to	 false	 conclusions.	 	 Similarly,	models	 that	 lack	 key	
features	of	the	economy	will	fail	when	these	features	become	important.			
	
This	 doesn’t	 mean	 that	 models	 need	 to	 be	 literally	 true.	 	 By	 advocating	
verisimilitude	I	am	not	arguing	that	we	need	to	capture	every	detail.	 	Agent-based	
models	should	not	strive	to	replicate	too	many	details	–	we	are	not	trying	to	create	
The	Matrix.		As	Einstein	famously	said,	“A	model	should	be	as	simple	as	possible,	but	
no	 simpler”.	 	 The	principle	 of	 verisimilitude	 is	 just	 a	 reminder	 of	 the	 key	 “but	 no	
simpler”	 caveat.	 	 By	 using	 simulation	 we	 can	 break	 out	 of	 the	 straightjacket	 of	
rationality	and	we	are	no	longer	forced	to	work	with	models	that	are	too	simple.	
	
Complexity	economics	offers	us	a	 chance	 to	 take	 full	 advantage	of	 the	 remarkable	
technological	advancements	of	the	21st	century.		The	global	economy	generates	vast	
quantities	 of	 data	 every	 day.	 There	 are	 tens	 of	 millions	 of	 firms	 and	 billions	 of	
households	making	trillions	of	transactions	every	year.		The	laboratory	that	we	need	
is	 right	 here.	 	 We	 have	 the	 ability	 to	 capture	 the	 data	 that	 is	 needed	 and	 the	
computer	 power	 to	 use	 it.	 	 We	 can	 use	 this	 data	 to	 build	 a	 detailed	 map	 of	 the	
economy	 at	 1:1	 scale,	 at	 the	 level	 of	 individual	 firms	 and	 individual	 households.	
Modeling	the	global	economy	at	this	scale	would	provide	us	with	vastly	more	data,	
which	we	 can	use	 to	 fit	more	 complex	models	 that	 can	 capture	 the	key	drivers	of	
economic	change.		I	call	this	global	microeconomics.			
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Global	microeconomics	kills	many	 birds	with	 one	 big	 stone.	 	 By	 going	 down	 to	 a	
small	scale,	where	there	are	vastly	larger	quantities	of	data,	one	can	make	a	detailed	
map	of	the	entire	economy.		(Remarkably,	no	such	map	exists	at	present!).		One	can	
use	 this	 map	 to	 fit	 the	 parameters	 of	 more	 complex	 models.	 	 These	 models	 can	
answer	key	questions,	such	as	the	best	way	to	accelerate	the	green	energy	transition	
or	the	best	path	for	developing	countries.	 	They	can	also	give	us	better	answers	to	
basic	questions	about	the	whole	economy,	such	as	how	a	drop	in	U.S.	housing	prices	
is	likely	to	affect	global	economic	output.		And	finally,	we	can	take	advantage	of	our	
detailed	map	of	 the	economy	to	 investigate	 long-term	structural	change.	 	With	the	
map	we	build	we	will	be	able	to	literally	see	the	structure	of	the	economy	and	track	
its	changes	through	time.	 	This	will	help	us	visualize	in	detail	how	the	structure	of	
the	economy	will	change	under	major	shifts,	such	as	the	abandonment	of	fossil	fuels.	
	
When	put	in	perspective	of	the	payoff,	such	an	effort	is	a	great	investment.		Given	
that	the	economy	is	so	important	and	its	failures	are	so	costly	one	would	assume	
that	we	spend	correspondingly	large	resources	on	understanding	it	and	managing	it,	
but	that’s	not	the	case.	The	National	Science	Foundation	budget	for	economics	is	
only	30	million	dollars	per	year.	The	U.S.	Federal	Reserve	research	budget	is	quite	a	
bit	larger,	about	$500	million6,	and	another	$500	million	is	invested	in	economics	
research	through	other	institutions,	such	as	the	IMF,	and	universities	worldwide7.	A	
billion	dollars	may	seem	like	a	lot	of	money,	but	compared	to	other	research	efforts	
in	science	these	numbers	are	small.	The	U.S.	budget	for	polar	research	is	roughly	the	
same	as	the	total	budget	for	economics.	I	don’t	mean	to	pick	on	polar	research	–	I	
strongly	support	it	–	but	it	is	surprising,	given	the	huge	stakes	involved,	that	the	
economics	budget	is	so	small.	
	
The	crisis	of	2008	caused	the	United	States	economy	to	lose	about	10	trillion	dollars,	
and	climate	change	could	cause	far	more	damage	than	that.		A	bigger	effort	in	
economic	research	could	pay	huge	dividends,	but	we	have	to	diversity	this	effort	–	
more	of	the	same	will	not	succeed.		The	stakes	are	so	high	that	we	should	leave	no	
stone	unturned.	We	need	to	take	some	risks	and	fund	new	ways	of	doing	things,	and	
complexity	economics	is	the	prime	candidate.				
	
The	complexity	economics	models	that	I	am	advocating	for	require	time	and	
resources	and	will	not	answer	all	questions.		Many	challenging	problems	have	to	be	
solved	to	make	them	happen.	Despite	the	challenges,	the	chances	of	success	are	
good	and	the	payoff	could	be	enormous.		We	need	to	begin	investing	to	make	this	
happen	now	–	the	fate	of	the	world	depends	on	it.	
																																																								
6	Many	economists	at	the	Federal	Reserve	Board	and	the	Bank	perform	a	mixture	of	research	and	
more	applied	work,	and	it	is	difficult	to	separate	research	from	other	activities,	but	I	have	been	told	
by	a	knowledgeable	insider	placed	high	in	the	bank	that	$500	million	is	a	reasonable	estimate.	
7	If	there	are	5,000	active	research	economists	whose	cost	once	overheads,	etc.	are	taken	into	
account	is	an	average	of	$300,000	per	year,	their	total	salary	is	1.5	billion.		Much	of	this	pays	them	to	
teach,	sit	on	committees,	etc.		If	a	third	of	this	goes	to	research	this	gives	$500,000,000	per	year.		This	
estimate	could	easily	be	off	by	a	factor	of	three	but	the	basic	point	that	the	economics	budget	is	small	
stands	in	any	case.	


