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FPAS	Mark	II	Credit	Gaps,	January	2023	
	
by	Vahe	Avagyan,	Hayk	Avetisyan,	and	Martin	Galstyan1			
	
	
ABSTRACT	
The	credit-to-GDP	gap	is	an	important	indicator	used	to	monitor	financial	cycles	and	assess	risks	of	
financial	crises.	Existing	techniques	used	by	the	Bank	of	International	Settlements	(BIS)	and	many	
other	institutions	to	estimate	credit	gaps	rely	on	standard	Hodrick-Prescott	(HP)	filtering	techniques	
(in	the	case	of	the	BIS,	a	one-sided	univariate	HP	filter).	In	certain	cases,	using	such	techniques	can	
be	very	misleading,	and	mechanical	usage	of	such	indicators	can	cast	a	shadow	on	accumulating	risks	
and	provide	a	false	sense	of	safety	to	policymakers,	thus	increasing	the	likelihood	of	uncontrolled	
financial	turmoil	in	the	future.	To	illustrate	the	dangers	and	drawbacks	of	the	current	status-quo,	this	
paper	proposes	extending	the	standard	HP	filter	by	adding	a	prior	for	the	safe	level	of	the	credit-to-
GDP	 ratio.	We	 estimate	 and	 compare	 credit	 gaps	 for	 five	 countries	 using	 both	 the	 standard	 BIS	
approach	and	 the	new	approach	proposed	 in	 this	paper.	While	our	 approach	does	not	provide	 a	
panacea	to	all	 the	drawbacks	of	 the	standard	HP	filter,	 it	certainly	allows	for	greater	 flexibility	to	
generate	more	relevant	credit	gaps	as	indicators	for	policy	makers,	as	it	forces	policy	analysts	to	take	
a	stand	on	what	they	consider	to	be	a	safe	level	of	credit	for	a	given	economy.	
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I.	INTRODUCTION	
	
This	working	paper	provides	an	alternative	to	the	BIS	HP	filter	estimates	of	credit	gaps.	Our	approach	
extends	the	standard	HP	filter	by	including	an	additional	level	condition,	or	prior,	on	the	safe	level	of	
the	credit-to-GDP	ratio.	We	refer	to	this	as	a	Prior-Consistent	(PC)	Filter	as	it	allows	us	to	impose	a	
prior	on	the	safe	level	of	the	credit-to-GDP	ratio.	
	
In	theory,	 the	safe	 level	of	debt	would	depend	on	a	host	of	 factors,	such	as	tolerance	for	financial	
crises,	degree	of	risk	aversion,	and	uncertainty	about	the	future	distribution	for	output	and	interest	
rates.	We	provide	a	very	simple	illustrative	example	that	assumes	a	constant	prior	of	150	percent	of	
credit-to-GDP	 ratio.	 Interestingly,	 such	 an	 estimate	 would	 not	 be	 inconsistent	 with	 the	 BIS	
econometric	methodology	for	evaluating	one	set	of	credit	gaps	versus	another	in	terms	of	predicting	
past	 financial	 crises.	 The	 reason	 the	 PC	 filter	might	 give	 similar	 patterns	 for	 the	 past	 is	 that	 the	
additional	effects	of	level	constraints	in	the	new	filter	are	kicking	in	only	after	a	certain	level	of	ratio	
which	we	call	a	safe	level	is	crossed.	The	PC	filter	technique	is	slightly	more	complex	than	the	HP	
filter,	as	it	requires	the	user	to	develop	some	prior	on	the	safe	level	of	debt.	The	chief	benefit	of	the	
PC	filter	approach,	of	course,	 is	 that	 it	pushes	the	user	to	stop	treating	credit	gap	estimation	as	a	
purely	mechanical	exercise,	and	instead,	be	forced	to	think	critically	about	what	are	the	safe	levels	of	
debt.	While	the	results	may	not	dramatically	differ	in	the	two	approaches,	the	simple	act	of	coming	
up	with	a	prior	plays	an	 important	 role	 in	 ensuring	 that	 relevant	 estimates	of	 the	 credit	 gap	are	
developed.	
	
The	remainder	of	this	note	is	organized	in	the	following	way:		
	
In	 Section	 II,	 we	 discuss	 environments	 in	 which	 the	 HP	 filter	 should	 be	 expected	 to	 produce	
significantly	distorted	indicators	of	financial	risks.	We	show	that	using	the	HP	filter	means	failing	to	
take	a	stand	on	the	safe	level	debt.	China	is	a	good	example	of	a	country	that	has	a	negative	credit	
gap,	but	from	the	perspective	and	concerns	of	policymakers,	there	may	very	well	still	be	an	excessive	
credit	expansion	and	asset	price	bubble.	Right	after	the	GFC,	the	credit	ratio	doubled	in	China	from		
around	110	percent	to	about	220	percent	of	GDP.	To	understand	the	Reductio	ad	Absurdum	in	using	
the	HP	filter	one	can	simply	assume	that	the	future	evolves	in	line	with	the	HP	filter’s	estimates	of	
past	trends.	In	other	words,	imagine	the	authorities	in	China,	for	example,	allowed	the	credit	ratio	to	
double	again	but	in	a	way	that	didn’t	allow	a	significantly	stronger	trend	than	past	trends.	Obviously,	
putting	 any	 weight	 on	 such	 credit	 gap	 estimates	 for	 policy	 could	 be	 extremely	 problematic	 for	
financial	stability.			
	
Section	III	provides	estimates	for	China	and	four	largest	major	advanced	economies	(United	States,	
Euro	 Area,	 UK	 and	 Japan)	 and	 shows	 how	 a	 simple	 naive	 prior	 on	 the	 level	 might	 help	 avoid	
potentially	costly	errors	by	placing	weights	on	the	HP-generated	gaps	in	circumstances	where	past	
upward	trends	seem	unsustainable.			
	
Section	IV	makes	the	case	for	more	research	identifying	the	safe	level	of	credit	starting	with	getting	
key	concepts	nailed	down	such	as	 the	 safe	 level	of	 credit.	 Short	of	 some	miraculous	discovery	of	
knowledge	we	can	rest	assured	that	some	judgement	will	be	needed	in	the	future	to	contain	excessive	
expansions	in	credit	and	asset	price	bubbles.	Our	PC	filter	is	easy	and	ready	to	use	for	people	and	
institutions	that	appreciate	the	simplicity	and	user	friendliness	of	the	HP	filter	but	might	have	some	
priors	on	the	safe	level	of	the	credit-to-GDP	ratio.	
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II.	THE	DRAWBACKS	OF	THE	HP	FILTER	AS	A	TOOL	TO	ASSESS	FINANCIAL	
VULNERABILITIES 
 

The	BIS	uses	a	one-sided	HP	 filter	 to	calculate	 the	credit-to-GDP	gap.2	 It	 is	 intended	as	a	 tool	 for	
identifying	potential	 financial	vulnerabilities	 in	an	economy,	such	as	 large	and	persistent	positive	
deviations	from	the	trend	can	indicate	an	over-extension	of	credit	and	a	higher	risk	of	a	 financial	
crisis.	This	tool	is	used	by	the	BIS	and	several	other	institutions	as	an	indicator	of	potential	financial	
vulnerabilities.	
	
The	 credit-to-GDP	 gap,	 as	 estimated	 by	 the	 BIS,	 is	 a	 very	 simple	 indicator	 and	 in	many	 cases	 is	
considered	to	be	an	effective	tool	to	assess	the	potential	risk	of	a	financial	crisis	and	provide	early	
warning	signals.	This	can	help	policymakers	and	regulators	take	steps	to	address	 imbalances	and	
maintain	financial	stability.3	During	relatively	stable	times,	the	benefits	of	monitoring	this	measure	
would	presumably	include	having	early	warning	signals,	as	well	as	having	a	benchmark	to	compare	
credit	growth	across	countries	and	over	time.	Central	banks	often	use	the	BIS	credit-to-GDP	gap	as	
part	of	a	broader	set	of	 indicators	 to	design	macroprudential	policies	aimed	at	reducing	 financial	
stability	risks.	Additionally,	as	the	BIS	periodically	estimates	credit-to-GDP	gaps	for	more	than	40	
countries,	it	provides	(or	intends	to	provide)	a	big	picture	view	of	the	state	of	global	financial	stability.	
	
The	simplicity	of	the	mechanics	of	the	HP	filter	gives	it	the	advantage	of	being	easy	to	use	from	an	
operational	point	of	view.	However,	at	the	end	of	the	day	it	remains	a	very	simple	approach	that	has	
many	 drawbacks	 if	 policymakers	 intend	 to	 use	 it	 as	 a	 serious	 tool	 for	 conducting	 financial	 cycle	
analysis,	as	explored	in	the	remainder	of	this	section.	
	
The	HP	filter	and	similar	techniques	have	been	subject	to	their	fair	share	of	criticism.	Critics	of	this	
approach	point	out	three	main	issues:	(1)	its	suitability	as	a	measure	for	the	purpose	of	the	buffer;	
(2)	its	reliability	as	an	early	warning	indicator	for	banking	crises	(particularly	in	emerging	markets);	
and	(3)	practical/technical	problems	associated	with	measurement	and	with	the	HP	filter	generally.		
	
Edge	and	Meisenzahl	(2011)	explore	 in	detail	 the	 first	and	second	 issues	with	 the	HP	 filter.	They	
examine	the	use	of	the	credit-to-GDP	ratio	gap	as	a	measure	of	systemic	risk	in	real	time.	The	authors	
argue	that	the	credit-to-GDP	ratio	gap	is	not	a	reliable	indicator	of	systemic	risk,	due	to	the	difficulty	
of	measuring	credit	in	real	time	and	the	presence	of	systemic	statistical	revisions	in	the	underlying	
data.	They	also	suggest	 that	using	other	 important	 indicators	 is	appropriate	while	estimating	 the	
gaps.	
	
Economists	and	policymakers	point	to	several	practical	and/or	technical	problems	common	to	the	
HP	filter	technique,	which	have	important	implications.	One	such	issue	is	related	to	the	reliability	of	
the	gaps	for	countries	that	have	undergone	structural	changes	or	major	crises	(so	called	“start	point	
problem”	and	“structural	breaks”).	Jokipii	et	al	(2020)	find	that	estimating	the	BIS	gap	with	varying	
starting	points	shows	that	the	length	of	the	series,	and	the	point	in	the	cycle	at	which	the	data	starts,	
can	indeed	have	significant	implications	for	the	gap’s	signal.	
	
The	 so-called	 “downward	 bias	 risk”	 is	 another	 common	 practical/technical	 criticism,	 which	 can	
potentially	 lead	 to	an	underestimation	of	 systemic	risks.4	When	an	economy	experiences	a	credit	

 
2	“Guidance	for	National	Authorities	Operating	the	Countercyclical	Capital	Buffer”,	Bank	of	International	Settlements,	
BCBS	(2010).	
3	See	Drehmann	and	Yetman	(2020). 
4	See	Lang	et	al	(2019).	
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boom,	 the	 simple	BIS	 credit-to-GDP	 gap	 estimation	methodology	 results	 in	 it	mechanically	 being	
incorporated	into	the	trend	component.	And	as	the	smoothing	parameter	is	very	large,	“once	it	starts	
to	fly,	it	is	very	hard	to	bring	it	down.”	After	the	boom	is	over,	and	the	credit-to-GDP	ratio	stabilizes	
at	some	level,	we	may	mechanically	encounter	a	negative	gap	for	a	long	period	of	time,	or	even	see	
the	credit-to-GDP	ratio	appear	to	be	unsustainable.	This	is	especially	evident	when	the	credit	boom	
periods	are	long.	We	show	this	on	the	example	of	China	(Figure	1).	This	is	especially	problematic	
because	if	the	authorities	responsible	for	financial	stability	were	to	stem	from	only	looking	at	the	HP	
estimates	of	credit	gaps	at	the	recent	period	as	a	rough	proxy	for	prevailing	financial	risks,	they	would	
certainly	run	a	risk	of	falling	in	the	trap	that	HP	filter	creates	after	long	period	of	persistent	growth.	

	
Figure	1:	HP	Filter	Credit-to-GDP	Ratio	for	China	

	
Panel	A.	Credit-to-GDP	and	HP	Filter	Trend	

	
	

Panel	B.	QoQ	Annualized	Growth	of	Actual	Credit-to-GDP	and	the	Trend	Component	

 
	

Source:	BIS,	Author	calculations	
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Finally,	 the	 lack	 of	 consideration	 of	 important	 factors	 and	 not	 accounting	 for	 different	 levels	 of	
development	for	different	countries	are	another	source	of	concern.	The	BIS	credit-to-GDP	gap	is	a	
measure	of	credit	and	GDP	growth,	but	it	doesn't	consider	other	important	indicators	such	as	asset	
prices,	the	fundamentals	of	the	economy,	or	the	role	of	global	factors	in	driving	credit	growth.	On	the	
other	hand,	developed	economies	might	have	different	credit-to-GDP	ratios,	and	it	may	not	be	as	good	
an	indicator	for	them	as	it	might	be	for	a	developing	economy.	The	credit-to-GDP	ratio	can	increase	
as	a	country’s	financial	system	develops	and	financial	intermediation	increases.	This	is	because	as	
the	financial	system	matures,	more	credit	becomes	available	to	businesses	and	households,	and	thus	
more	credit	is	used	in	the	economy	relative	to	the	size	of	the	economy.	However,	it	is	important	to	
note	 that	 the	 credit-to-GDP	 ratio	 cannot	 continue	 to	 increase	 forever.	 Eventually,	 the	 increase	 in	
credit	will	reach	a	saturation	point	and	the	ratio	will	stabilize.	This	is	because	an	economy	can	only	
support	 a	 certain	 amount	 of	 credit	 relative	 to	 its	 size	 and	 any	 further	 increase	 in	 credit	will	 be	
unsustainable,	because	of	a	few	factors.	At	some	point,	borrowers	may	become	overleveraged	and	
unable	 to	 repay	 their	 debts.	 This	 can	 lead	 to	 defaults,	 which	 can	 have	 a	 cascading	 effect	 on	 the	
financial	system	and	the	wider	economy.	Additionally,	as	the	credit-to-GDP	ratio	increases,	lenders	
may	become	more	cautious	about	lending,	as	they	become	more	aware	of	the	potential	risks	involved.	
This	can	lead	to	a	tightening	of	credit	conditions,	making	it	more	difficult	for	borrowers	to	obtain	
credit,	which	can	slow	down	economic	growth.	Furthermore,	when	 the	credit-to-GDP	ratio	 is	 too	
high,	it	can	indicate	that	credit	is	being	used	to	fuel	speculative	bubbles	in	asset	prices,	rather	than	
for	productive	investments.	This	can	lead	to	a	misallocation	of	resources,	and	when	the	bubble	bursts,	
it	can	result	in	a	severe	economic	downturn.	Therefore,	while	the	credit-to-GDP	ratio	may	increase	
in	 periods	 of	 financial	 development,	 it	 cannot	 continue	 to	 increase	 infinitely.	 The	 underlying	
methodology	(one-sided	HP	filter)	used	for	calculating	BIS	credit-to-GDP	gaps	explicitly	assumes	a	
big	persistence	 in	 trend	growth.	This	methodological	bias	can	result	 in	 falsely	observing	negative	
credit	gaps	at	stabilization	phase,	where	the	financial	intermediation	cannot	increase	with	the	same	
pace	as	was	previously	observed.	This	may	signal	false	assurance	in	terms	of	the	financial	risks	at	
some	 points	 in	 cycle,	 highlighting	 the	 need	 for	 policymakers	 to	 consider	 a	 variety	 of	 economic	
indicators	when	 assessing	 financial	 stability,	 rather	 than	 relying	 solely	 on	 the	 credit-to-GDP	 gap	
measure.		
	
Summing	up	there	are	different	angles	the	HP	filter	technique	is	vulnerable	to	critique,	but	what	is	
the	focus	in	this	note	is	the	one	stemming	from	its	technical	limitations.	By	combining	a	formulaic	
understanding	 of	 the	 univariate	 HP	 filter	 with	 basic	 economic	 intuition,	 one	 can	 easily	 imagine	
certain	situations	like	that	in	China	where	estimates	based	on	using	this	filter	can	result	in	extremely	
distorted	picture	of	financial	cycles	and	provide	a	false	sense	of	safety.	While	the	HP	filter	can	still	be	
quite	useful	to	catch	past	crises	and	help	us	render	an	aftermath,	we	argue	that	it	should	be	expected	
to	struggle	in	providing	reliable	warning	signals	for	future	crises.	
	
However,	it	is	also	important	to	note	that	the	issues	with	the	status-quo	methodology	go	far	beyond	
merely	technical	considerations.	The	riskiest	part	of	current	indicators	such	as	the	credit	gap	is	that	
they	are	designed	to	serve	only	as	initial	points	for	policy	deliberations	and	further	analysis,	rather	
than	 being	 treated	 as	 final	 products	 that	 can	 be	 used	 right	 off	 the	 shelf.	 Unfortunately,	 as	 these	
indicators	 have	 grown	 in	 popularity	 and	 usage,	 many	 users	 (including	 many	 central	 banks,	
international	institutions,	and	academics)	often	forget	about	the	integrated	to-do	list	and	use	these	
indicators	on	an	“as-is”	basis,	devoid	of	important	context	and	critical	thinking.	This	opens	the	door	
for	significant	policy	mistakes	and	missed	opportunities	to	prevent	financial	turmoil.	
	
In	 this	paper,	we	seek	to	address	 these	myriad	 issues	with	 the	status-quo—namely,	 to	“cure”	 the	
basic	HP	filter	of	its	inability	to	be	“state	aware”	in	terms	of	catching	specific	characteristic	of	the	
prevailing	economic	and	 financial	 situation	 in	a	given	economy,	 rather	 than	blindly	extrapolating	
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lagging	 trend	movements.	We	 propose	 a	 simple	 extension	 to	 the	 BIS	 credit-to-GDP	 ratio,	 which	
should	considerably	improve	the	flexibility	of	the	toolkit	and	make	the	produced	indicators	much	
more	 reliable	 and	 relevant.	 We	 do	 so	 by	 adding	 a	 new	 component	 to	 the	 HP	 filter	 formula	 by	
introducing	 a	notion	of	 the	 “safe	 level	 for	 the	 credit-to-GDP	 ratio.”	We	 include	 it	 in	 the	 standard	
minimization	problem	of	the	HP	filter	as	the	difference	between	the	actual	credit-to-GDP	ratio	and	
its	 underlying	 “safe	 level”	 (1),	 which	 is	 estimated	 based	 on	 the	 fundamentals	 of	 an	 individual	
economy	and	has	a	weight	represented	by	the	parameter	ωi.	This	parameter	expresses	our	level	of	
confidence	about	the	estimated	“safe	level”	of	the	country’s	credit-to-GDP	ratio.	This	approach	aligns	
with	 the	 basic	 intuition	 of	 policymakers	 to	 have	 this	 kind	 of	 “safe	 levels”	 in	 their	 minds	 when	
designing	macroprudential	or	monetary	policies.	For	example,	in	case	of	China	(Figure	1),	it	seems	
that	there	have	been	some	levels	(“safe	levels”),	specifically	levels	closer	to	100%,	150%	and	200%,	
to	which	the	financial	regulators	tried	to	push	the	economy	back	once	these	boundaries	have	been	
crossed.	 	
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III:	PRIOR-CONSISTENT	EXTENSION	OF	THE	STANDARD	HP	FILTER 
As	we	have	seen	with	the	example	of	Chinese	economy	in	the	previous	section,	the	naive	HP	filter	
used	by	BIS	 and	 other	 policymakers	 can	 give	misleading	 information	 on	 the	 current	 state	 of	 the	
financial	cycle,	especially	when	the	decreasing	trajectory	of	the	cycle	has	been	reached	after	a	long	
wait.	In	order	to	understand	the	purpose	of	the	PC	filter	and	evaluate	the	added	value	compared	the	
HP	filter,	we	first	begin	by	briefly	summarizing	the	underlying	mathematical	structure	of	a	standard	
one-sided	HP	filter	used	by	BIS.	We	then	 introduce	the	extended	version	of	 it,	which	will	already	
include	the	assumptions	on	the	safe	level	and	its	smoothing	parameter	in	the	minimization	function.	
	
The	Hodrick-Prescott	filter	is	a	widely	used	statistical	tool	that	addresses	the	following	minimization	
problem	in	order	to	decompose	the	time	series	into	trend	and	cyclical	components:	
																										

𝑀𝑖𝑛!! %& (𝑦" − 𝜏")#
$

"%&
+ 𝜆& [(𝜏" −	𝜏"'&) −	(𝜏"'& −	𝜏"'#)]#

$'&

"%&
0	

	
where	the	𝜆	is	a	smoothing	parameter,	to	control	the	trend	smoothness.		
	
In	the	previous	section,	we	explored	a	major	technical	blindness	of	the	filter,	which	appears	when	
the	estimated	trend	gradually	“takes	off”	and	fails	to	stop	properly	due	to	inertia	and	being	overly	
backward	 looking.	 This	 can	 be	 especially	 problematic	 during	 boom	 cycles,	 when	 the	 trend	
extrapolates	 far	 above	 the	 actual	 level,	 creating	 ‘artificial’	 negative	 gaps,	 which	 in	 turn	 prevent	
policymakers	 from	having	a	reliable	 image	of	 the	actual	 financial	cycle.	This	happens	because	the	
filter	(as	shown	in	the	equation	above)	does	not	include	any	relevant	information	on	key	financial	
indicators	or	any	other	political,	economic	developments	that	are	consistent	with	the	actual	rationale	
of	policymakers	in	the	financial	cycle.		

	
We	 present	 below	 the	 Prior-Consistent	 (PC)	 Filter,	 which	 addresses	 the	 above-mentioned	 key	
challenges:	

	

𝑀𝑖𝑛!! %& (𝑦" − 𝜏")#
$

"%&
+ 𝜆& [(𝜏" −	𝜏"'&) −	(𝜏"'& −	𝜏"'#)]#

$'&

"%&
+	& 𝜔"(𝜏" −	𝜏"∗)#

$

"%&
	0	

	
Considering	the	drawbacks	that	the	univariate	HP	filter	has,	we	have	extended	the	filter	by	adding	an	
additional	component			∑ 𝜔"(𝜏" −	𝜏"∗)#$

"%& ,		which	incorporates	the	deviation	of	the	trend	from	the	
safe	level	into	the	minimization	problem.	Here	we	introduce	the	notion	of	the	“safe	level”	of	debt	𝜏"∗.	
In	general,	the	safe	level		𝜏"∗	will	be	set	based	on	the	policymakers’	best	experience	about	the	current	
developments	of	a	given	economy	and	financial	cycle	and	requires	them	to	think	critically	and	make	
a	judgment	about	safe	levels	of	debt.	Looking	at	the	standard	gap	estimates	for	credit	to	GDP	ratio	is	
supposed	 to	 serve	 as	 a	 starting	 point	 for	 policy	 deliberations,	 so	 before	 policymakers	 take	 real	
actions,	they	should	already	have	some	intuitive	understanding	about	the	specifics	about	the	state	of	
the	economy	financial	system	including	assumptions	about	the	safe	level	of	debt	in	their	minds.	In	
our	example,	for	the	purpose	of	simplicity,	we	assumed	that	the	safe	level	for	China,	Japan,	UK,	Euro	
area	 and	US	 is	 𝜏"∗ = 150.	Next	 comes	 the	 role	 of	 	𝜔"	 ,	which	 is	 the	 time-varying	 component	 that	
penalizes	 the	 trend	deviation	 from	the	assumed	safe	 level.	 In	our	extension,	whenever	 the	actual	
value	of	credit-to-GDP	ratio	𝑦"	<	150,	then	𝜔"	is	equal	to	zero	and	the	penalty	for	the	trend	deviation	
is	zero.	In	other	words,	the	values	of	trends	in	HP	and	PC	filters	would	be	parallel	to	each	other	when	
the	credit-to-GDP	ratio	is	less	than	the	safe	level.	However,	when	the	debt	level	surpasses	the	safe	
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level,	𝜔"	switches	to	15	turning	on	the	safe	level	part	of	the	filter	equation	and	the	estimated	trend	
stays	closer	to	the	safe	level,	and	bigger	the	value	of	𝜔" ,	the	closer	it	will	get	to	the	predefined	safe	
level	of	 the	trend.	This	extension	addresses	a	key	 limitation	of	HP	filter	mentioned	above	and,	by	
preventing	it	from	production	of	deep	negative	gaps	negative	gaps	when,	for	example,	the	economy	
faces	really	high	amounts	of	debts.	In	addition	to	this,	the	safe	level	𝜏"∗	can	be	based	not	only	on	critical	
thinking	about	economic	 indicators,	but	also	on	policymakers’	notion	about	 the	shadow-banking-
sector	or	other	key	dynamics	relevant	to	financial	cycles.	To	put	it	differently,	policymakers	have	the	
opportunity	to	include	more	of	their	thinking	on	actual	matters	of	the	economy	and	to	incorporate	
this	into	the	filter.	

	 	

 
5	It	can	be	set	to	any	positive	number.	Higher	is	this	number,	higher	will	be	the	penalty	for	the	filtered	trend	to	diverge	
away	from	the	safe	level.	
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IV.	RESULTS	AND	FURTHER	RESEARCH 
 
To	better	illustrate	the	implications	of	the	PC	filter,	we	have	done	a	simulation	of	both	the	BIS	HP	
filter	and	our	PC	filter	on	the	credit-to-GDP	ratio	of	China,	Japan,	the	Euro	Area,	United	Kingdom,	and	
United	States.	For	the	sake	of	illustration,	and	as	described	in	the	prior	section,	we	assume	150	as	a	
prior	for	the	safe	level	of	credit-to-GDP	ratio	for	these	economies	and	a	𝜔"	penalty	component	with	
a	value	of	1.	Obviously	in	a	real	policymaking	circumstance	both	parameters	would	and	should	vary	
across	countries	and	time	depending	on	a	variety	of	factors.	
	
IV.	A.	Case	of	China	
	
In	Figure	2,	we	present	the	
comparative	results	of	HP	
and	PC	filters	for	China’s	
economy.	As	you	can	see	
the	BIS	Trend	and	NOT	BIS	
Trend	are	practically	the	
same	for	both	filters	until	
the	credit-to-GDP	ratio’s	
actual	value	𝑦"	reaches	the	
safe	level	of	150.	Starting	
from	that	point,	the	
extended	restriction	of	the	
PC	filter	starts	to	penalize	
the	trend,	and	it	starts	to	
change	its	trajectory	more	
towards	the	safe	level.	As	
demonstrated	after	
September	2021,	the	BIS	
Trend	is	largely	above	the	
actual	credit-to-GDP	ratio,	
and	we	have	a	situation	
where	we	have	a	negative	
credit	gap,	but	the	level	of	
the	credit-to-GDP	ratio	
(above	200)	is	far	above	the	
safe	level	(150).	If	
policymakers	were	to	put	
any	weight	on	the	BIS	gap,	
they	could	come	to	the	
conclusion	that	there	is	no	
need	to	take	action	to	
intervene	in	the	situation	in	
the	financial	markets,	
whereas	the	NOT	BIS	Gap	is	
significantly	higher,	
signaling	that	it’s	time	to	
think	about	preventive	
policy	actions.		

Figure	2:	The	Credit-to-GDP	Ratio	for	China	
	
Panel	A.	BIS	and	NOT	BIS	Trend		 	 								 											

  
	
Panel	B.	BIS	and	NOT	BIS	Gap	

 
	
Source:	BIS,	Authors	calculations.	
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IV.	B.	Case	of	Japan	
	
In	the	case	of	Japan,	it	is	
useful	to	look	closely	at	the	
situation	in	1980s	and	early	
1990s	in	Figure	3.	That	
period	coincides	with	the	
asset	price	bubble	in	Japan,	
which	emerged	because	of	
several	factors,	such	as	
overconfidence	and	
euphoria	in	markets,	
aggressive	behavior	of	
financial	institutions,	the	
emergence	of	Tokyo	as	an	
international	financial	
center,	and	so	on.6	
Evidently	with	the	BIS	Gap	
we	see	very	small	gaps	and	
even	a	negative	gap	in	the	
mid-1990s,	when	the	credit	
levels	had	been	really	high.	
In	such	cases,	the	presence	
of	a	“safe	level”	prior	would	
have	helped	to	include	all	of	
the	above-mentioned	
triggers	of	the	situation	into	
the	filter	and	have	a	better	
measure	of	the	gap	for	
making	policy	decisions.				
	

 
6	See	Shiratsuka	(2005).	

Figure	3:	The	Credit-to-GDP	Ratio	for	Japan	
	
Panel	A.	BIS	and	NOT	BIS	Trend		 	 																													

  
	
Panel	B.	BIS	and	NOT	BIS	Gap	

 
	
Source:	BIS,	Authors	calculations.	
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IV.	C.	Case	of	Euro	Area	
	
The	same	goes	on	for	the	
results	of	the	Euro	Area,	
United	Kingdom,	and	
United	States,	which	are	
presented	in	figures	4,	5	
and	6.	It	is	worth	paying	
attention	to	the	results	of	
the	Euro	Area,	especially	in	
the	period	of	2009,	when	
the	European	debt	crisis	
started.	While	several	
processes	contributed	to	
the	crisis,	the	fact	remains	
that	the	credit-to-GDP	ratio	
was	already	high	during	
that	period.	Figure	4	shows	
a	typical	situation	where	
the	usual	methodology	fails	
to	produce	a	trend	that	
captures	the	slowdown	in	
actual	credit	to	GDP	ratio	
resulting	in	negative	output	
gap	estimates.	In	contrast,	
with	PC	filter	we	see	a	
positive	gap	on	the	mark-up	
from	the	predefined	safe	
level	of	the	debt.	Hence	this	
type	of	mistakes	of	HP	filter	
can	lead	policymakers	to	
make	completely	flawed	
judgments	based	on	wrong	
measurements,	leading	to	
costly	social	and	economic	
consequences.	
	

Figure	4:	The	Credit-to-GDP	Ratio	for	the	Euro	Area	
	

Panel	A.	BIS	and	NOT	BIS	Trend		 	 																														

  
	
Panel	B.	BIS	and	NOT	BIS	Gap		

 
	
Source:	BIS,	Authors	calculations.	
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IV.	D.	Case	of	the	United	
Kingdom	
	
After	the	global	financial	
crisis	of	2008,	the	UK	
financial	markets	have	
experienced	a	period	of	
recovery	and	growth,	but	
also	continued	challenges	
and	risks.	One	significant	
trend	has	been	the	
accumulation	of	debt,	both	
in	the	public	and	private	
sectors.	The	UK	
government	borrowed	
heavily	to	finance	its	
stimulus	measures	and	to	
bail	out	struggling	banks,	
leading	to	a	significant	
increase	in	public	debt	
levels.	Meanwhile,	
households	and	businesses	
also	took	on	more	debt,	as	
low	interest	rates	and	easy	
access	to	credit	encouraged	
borrowing	for	consumption	
and	investment	purposes.	
	

Figure	5:	The	Credit-to-GDP	Ratio	for	the	United	Kingdom	
	

Panel	A.	BIS	and	NOT	BIS	Trend		 	 																												

  
	
Panel	B.	BIS	and	NOT	BIS	Gap	

 
	
Source:	BIS,	Authors	calculations.	
	

	
	

	 	



IV.	E.	Case	of	the	United	
States	
	
The	US	government,	after	
the	GFC,	implemented	a	
range	of	measures	aimed	at	
stabilizing	the	economy	and	
reducing	the	budget	deficit.	
These	included	the	
American	Recovery	and	
Reinvestment	Act	(ARRA)	
of	2009,	which	provided	a	
significant	fiscal	stimulus	to	
the	economy	resulting	in	a	
period	of	steady	economic	
growth	for	the	US	economy,	
and	the	Budget	Control	Act	
of	2011,	which	imposed	
spending	caps	and	
established	a	framework	
for	reducing	the	deficit.	In	
addition	to	these	measures,	
the	US	government	has	also	
implemented	policies	
aimed	at	reducing	
healthcare	costs,	which	is	
one	of	the	largest	drivers	of	
government	spending.	The	
Affordable	Care	Act,	also	
known	as	Obamacare,	has	
helped	to	slow	the	growth	
of	healthcare	costs,	which	
has	contributed	to	a	
reduction	in	the	deficit	and	
the	debt-to-GDP	ratio.		
	
		

Figure	6:	The	Credit-to-GDP	Ratio	for	the	United	States	
	

Panel	A.	BIS	and	NOT	BIS	Trend		 	 																														

  
	
Panel	B.	BIS	and	NOT	BIS	Gap	

 
	
Source:	BIS,	Authors	calculations.	
 
 

The	 GFC	 itself	 was	 largely	 a	 reflection	 and	materialization	 of	 the	 excessive	 risk	 in	 the	 financial	
markets,	so	we	can	naturally	assume	that	if	there	is	some	level	of	credit	to	GDP	ratio	to	be	considered	
as	safe,	it	must	be	closer	to	the	pre	GFC	period	levels,	namely	very	close	to	our	illustrative	number	
150.	In	this	case	the	estimates	using	our	filter	do	not	drastically	change	the	overall	picture	for	the	
post	GFC	period,	both	signaling	low	overall	riskiness	in	the	financial	markets.	Still	the	trend	produced	
by	our	approach	is	much	faster	in	making	a	U-turn	which	lets	us	avoid	getting	unreasonably	negative	
estimates	for	the	credit	to	GDP	ratio	gap.	
	
In	all	of	the	examples	above	we	purposefully	chose	the	same	number	for	the	safe	level	(150),	but	
obviously,	a	natural	vector	for	further	research	would	be	exploring	and	expanding	the	notion	of	safe	
level	itself	as	by	definition	it	is	a	function	of	time	and	several	characteristics	and	in	a	given	economy.				
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V.	CONCLUSION	
 
After	the	Global	Financial	Crisis,	many	institutions	started	to	look	for	ways	to	develop	early	signals	
on	 financial	 risks.	 The	 aftermath	 of	 the	 GFC	 shows	 that	 one	 of	 the	major	mistakes	was	 that	 the	
policymakers	failed	to	grasp	the	full	spectrum	of	accumulating	risks	in	the	financial	system	including	
issues	on	excess	risk-taking	behavior,	unjustified	levels	of	leverage,	shadow	banking,	etc.	
	
One	approach	that	helps	tackle	the	risk	assessment	challenge	is	to	look	at	credit	gaps.	They	contain	
essential	 impulses	 that	can	help	policymakers	anticipate	 the	upcoming	costs	and	risks	associated	
with	a	financial	crisis.	There	are	countries	with	high	credit-to-GDP	ratios	but	smaller	credit	gaps,	but	
the	 naive	 HP	 filter	 used	 by	 BIS	 and	 other	 institutions	 for	 such	 estimations	 are	 problematic	 and	
constrain	policymakers	to	only	focus	on	information	that	conforms	with	their	preexisting	rationale	
on	financial	cycles.		
	
Current	situation	in	China	may	be	a	good	illustration	of	a	similar	situation	where	if	we	were	to	base	
our	decision-making	on	the	current	version	of	the	credit	gap	estimations	only,	or	even	give	those	
estimates	any	significant	weight,	we	will	find	ourselves	in	a	dangerous	trap.	We	suggest	an	extension	
of	HP	filter	which	includes	a	notion	of	the	safe	level	for	debt	credit-to-GDP	ratio.	In	case	of	China	using	
the	extended	filter	would	enable	us	to	include	the	risks	and	dynamics	of	the	shadow-banking	system	
in	 the	 estimations	 of	 the	 credit	 gaps.	 And	 that	 is	 just	 one	 particular	 example	 specific	 to	 Chinese	
economy	 where	 the	 new	methodology	 allows	 to	 avoid	 misinterpreting	 current	 dynamics	 of	 the	
economy	and	financial	sector.		
	
It’s	 clear	 that	 no	 single	model	 can	 give	 complete	 assurances	 about	 an	 unpredictable	 future,	 and	
obviously,	 the	 safe	 level	 itself	 will	 be	 a	 matter	 of	 individual	 estimations	 and	 assumptions	 of	
policymakers,	 heavily	 relying	 on	 their	 critical	 thinking.	 However,	 the	 judgment-making	 process	
should	ideally	be	an	important	and	integral	part	of	the	whole	financial	risk	management	policy.	This	
puts	our	extended	filter	approach	in	an	advantageous	position	compared	to	the	existing	methodology	
as	it	forces	the	policy	makers	to	take	a	stand	on	the	safe	level	of	credit-to-GDP	ratio	as	an	integral	
part	of	the	risk	assessment	process.	As	a	result,	the	approach	presented	in	this	paper	has	all	chances	
to	be	a	more	relevant	and	reliable	tool	for	producing	forward-looking	estimates	of	credit	risks. 	



16	
	

REFERENCES 
	
Adrian	T,	D.	Laxton,	and	M.	Obstfeld	2018,	"Advancing	the	Frontiers	of	Monetary	Policy."		
Alichi,	 A.,	 2015,	 “A	 New	Methodology	 for	 Estimating	 the	 Output	 Gap	 in	 the	 United	 States,”	 IMF	

Working	Paper	No.	15/144.	
Alichi,	A.,	O.	Binizima,	D.	Laxton,	K.	Tanyeri,	H.	Wang,	J.	Yao,	and	F.Zhang,	2017,	“Multivariate	Filter	

Estimation	of	Potential	Output	for	the	United	States,”	IMF	Working	Paper	No.	17/106.	
Alichi,	A.,	O.	Bizimana,	S.	Domit,	E.	Fernández-Corugedo,	D.	Laxton,	K.	Tanyeri,	H.	Wang,	and	F.		Zhang,	

2015,	“Multivariate	Filter	Estimation	of	Potential	Output	for	the	Euro	Area	and	the	United	
States,”	IMF	Working	Paper	No.	15/253.	

Alichi,	 A.,	 Avetisyan,	 H.,	 Laxton,	 MD.,	 Mkhatrishvili,	 S.,	 Nurbekyan,	 A.,	 Torosyan,	 L.,	 Wang,	 H.,	
“Multivariate	Filter	Estimation	of	Potential	Output	for	the	United	States:	An	Extension	with	
Labor	Market	Hysteresis,”	IMF	Working	Paper	No.	19/35.	

Alichi,	A.,	R.	Al-Mashat,	H.	Avetisyan,	 J.	Benes,	O.	Bizimana,	A.	Butavyan,	R.	Ford,	N.	Ghazaryan,	V.	
Grigoryan,	 M.	 Harutyunyan,	 A.	 Hovhannisyan,	 E.	 Hovhannisyan,	 H.	 Karapetyan,	 M.	
Kharaishvili,	D.	Laxton,	A.	Liqokeli,	K.	Matikyan,	G.	Minasyan,	S.	Mkhatrishvili,	A.	Nurbekyan,	
A.	 Orlov,	 B.	 Pashinyan,	 G.	 Petrosyan,	 Y.	 Rezepina,	 A.	 Shirkhanyan,	 T.	 Sopromadze,	 L.	
Torosyan,	E.	Vardanyan,	H.	Wang,	and	J.	Yao,	2018,	“Estimates	of	Potential	Output	and	the	
Neutral	Rate	for	the	U.S.	Economy.”	IMF	Working	Paper	No.	18/152.	

Al-Mashat,	R.,	A.	Bulíř,	N.N.	Dinçer,	T.	Hlédik,	T.	Holub,	A.	Kostanyan,	D.	Laxton,	A.	Nurbekyan,	and	H.	
Wang,	2018,	“An	Index	for	Transparency	for	Inflation-Targeting	Central	Banks:	Application	
to	the	Czech	National	Bank,”	IMF	Working	Paper	No	18/210.	

Archer	D.,	M.	Galstyan,	and	D.	Laxton,	2022,	"	FPAS	Mark	II:	Avoiding	Dark	Corners	and	Eliminating	
the	Folly	in	Baselines	and	Local	Approximations,”	CBA	Working	Paper	22/10/06.	

Avagyan	V.,	H.		Avetisyan,	M.	Galstyan,	E.	Hovhannisyan,	H.	Igityan,	H.	Karapetyan,	A.	Kostanyan,	D.	
Laxton,	 J.	 Laxton,	 A.	 Nurbekyan,	 A.	 Papikyan,	 and	 N.	 Yeritsyan,	 2022a,	 "FPAS	 Mark	 II	
Monetary-Policy-Relevant	 Output	 Gaps,	 December	 2022,”	 CBA	Working	 Paper	 2022/08,	
December	2022.	

Avagyan	V.,	_____,	2022b,	"FPAS	Mark	II	Financial-Cycle	Gaps,	December	2022,”	CBA	Working	Paper	
2022/10,	December	2022.	

Avagyan,	 V.,	 _____,	 2023a,	 "FPAS	 Mark	 II:	 	 Better	 Work-Life	 Balance	 Issues,	 January	 2023,”	 CBA	
Working	Paper	2023/01,	January	2023.	

Avagyan,	V.,	_____,	2023b,	"FPAS	Mark	II:		Armenia	Shadow	Projection,	January	2023,”	Forthcoming	
CBA	Working	Paper	2023/02,	January	2023.	

Avagyan,	V.,	_____,	2023c,	"FPAS	Mark	II	Monetary-Policy-Relevant	Output	Gaps,	January	2023,”	CBA	
Working	Paper	2023/03,	January	2023.	

Avagyan,	V.,	 _____,	2023d,	"FPAS	Mark	II	Financial-Cycle	Gaps,	 January	2023,”	CBA	Working	Paper	
2023/04,	January	2023.	

Avagyan,	V.,	_____,	2023f,	"FPAS	Mark	II:		Better	Work-Life	Balance	Issues,	April	2023,”	Forthcoming	
CBA	Working	Paper,	April	2023.	

Avagyan,	V.,	_____,	2023g,	"FPAS	Mark	II:		Armenia	Shadow	Projection,	April	2023,”	Forthcoming	CBA	
Working	Paper,	April	2023.	

Avagyan,	 V.,	 _____,	 2023h,	 "FPAS	 Mark	 II	 Monetary-Policy-Relevant	 Output	 Gaps,	 April	 2023,”	
Forthcoming	CBA	Working	Paper,	April	2023.	

Avagyan,	V.,	_____,	2023i,	"FPAS	Mark	II	Financial-Cycle	Gaps,	April	2023,”	Forthcoming	CBA	Working	
Paper,	April	2023.	

Avagyan,	V.,	______,	2023j,	"FPAS	Mark	II	Credit	Gaps,	April	2023,”	Forthcoming	CBA	Working	Paper,	
April	2023.	



17	
	

Avagyan,	V.,	_____,	2023k,	"FPAS	Mark	II:		Better	Work-Life	Balance	Issues,	July	2023,”	Forthcoming	
CBA	Working	Paper,	July	2023.	

Avagyan,	V.,	_____,	2023l,	"FPAS	Mark	II:		Armenia	Shadow	Projection,	July	2023,”	Forthcoming	CBA	
Working	Paper,	July	2023.	

Avagyan,	 V.,	 _____,	 2023m,	 "FPAS	 Mark	 II	 Monetary-Policy-Relevant	 Output	 Gaps,	 July	 2023,”	
Forthcoming	CBA	Working	Paper,	July	2023.	

Avagyan,	V.,	_____,	2023n,	"FPAS	Mark	II	Financial-Cycle	Gaps,	July	2023,”	Forthcoming	CBA	Working	
Paper,	July	2023.	

Avagyan,	V.,	______,	2023o,	"FPAS	Mark	II	Credit	Gaps,	July	2023,”	Forthcoming	CBA	Working	Paper,	
July	2023.	

Avagyan,	 V.,	 _____,	 2023p,	 "FPAS	 Mark	 II:	 	 Better	 Work-Life	 Balance	 Issues,	 October	 2023,”	
Forthcoming	CBA	Working	Paper,	October	2023.	

Avagyan,	V.,	_____,	2023q,	"FPAS	Mark	II:		Armenia	Shadow	Projection,	October	2023,”	Forthcoming	
CBA	Working	Paper,	October	2023.	

Avagyan,	 V.,	 _____,	 2023r,	 "FPAS	 Mark	 II	 Monetary-Policy-Relevant	 Output	 Gaps,	 October	 2023,”	
Forthcoming	CBA	Working	Paper,	October	2023.	

Avagyan,	 V.,	 _____,	 2023s,	 "FPAS	 Mark	 II	 Financial-Cycle	 Gaps,	 October	 2023,”	 Forthcoming	 CBA	
Working	Paper,	October	2023.	

Avagyan,	 V.,	 ______,	 2023t,	 "FPAS	Mark	 II	 Credit	 Gaps,	 October	 2023,”	 Forthcoming	 CBA	Working	
Paper,	October	2023.	

Barrero,	J.,	N.	Bloom,	S.	Davis,	B.	Meyer,	2021,	"COVID-19	Is	a	Persistent	Reallocation	Shock,"	Center	
for	Open	Science.	

Benes,	 J.,	 K.	 Clinton,	 R.	 Garcia-Saltos,	M.	 Johnson,	 D.	 Laxton,	 P.	Manchev,	 and	 T.	Matheson,	 2010,	
“Estimating	Potential	Output	with	a	Multivariate	Filter,”	IMF	Working	Paper	No.	10/285.	

Benes,	J.,	M.	Kumhof	and	D.	Laxton,	2014a.	"Financial	Crises	in	DSGE	Models;	A	Prototype	Model,"	
IMF	Working	 Papers	 14/57,	 International	 Monetary	 Fund.	 Benes,	 J.,	 M.	 Kumhof	 and	 D.	
Laxton	,	2014b.	"Financial	Crises	in	DSGE	Models;	Selected	Applications	of	MAPMOD,"	IMF	
Working	Papers	14/56,	International	Monetary	Fund.	

Benes,	 J.,	D.	 Laxton	 and	 J.	Mongardini,	 2016.	 "Mitigating	 the	Deadly	Embrace	 in	 Financial	 Cycles;	
Countercyclical	 Buffers	 and	 Loan-to-Value	 Limits,"	 IMF	 Working	 Papers	 16/87,	
International	Monetary	Fund.	

Blagrave,	 P.,	 R.	 Garcia-Saltos,	 D.	 Laxton,	 and	 F.	 Zhang,	 2015	 “A	 Simple	 Multivariate	 Filter	 for	
Estimating	Potential	Output,”	IMF	Working	Paper	No.	15/79.	

Bloom	 N.,	 S.	 Davis	 and	 Y.	 Zhestkova,	 2020,	 "COVID-19	 Shifted	 Patent	 Applications	 Toward	
Technologies	 that	 Support	 Working	 from	 Home,"	 Working	 Papers	 2020-133,	 Becker	
Friedman	Institute	for	Research	In	Economics.	

CBO	Paper,	2011,	“CBO’s	Method	for	Estimating	Potential	Output:	An	update.”	
CBO	Paper,	2014,	“Revisions	to	CBO’s	Projection	of	Potential	Output	Since	2007.”	
Clinton,	K.,	Freedman,	C.	Juillard,	M.	Kamenik,	O.	Laxton,	D.	and	Wang,	H.,	2015,	“Inflation-Forecast	

Targeting:	Applying	the	Principle	of	Transparency,”	IMF	Working	Paper	No.	15/132.	
Collignon,	S.(July	2012).	Europe’s	Debt	Crisis,	Coordination	Failure,	and	International	Effects.	ADBI	

Working	Paper	Series,370,3-36.	
Davis	 S.,	 2020,	 “How	 COVID-19	 Is	 Disrupting	 Business,	 Financial	 Markets,	 and	 Public	 Policy,”	

Interview	Conducted	March	31,	2020.	
https://www.chicagobooth.edu/review/steven-j-davis-how-covid-19-disrupting-business-
financial-markets-and-public	

Davis	S.,	D.	Liu,	and	X.	Sheng,	2020,	"Stock	Prices,	Lockdowns,	and	Economic	Activity	in	the	Time	of	
Coronavirus,"	 Working	 Papers	 2020-156,	 Becker	 Friedman	 Institute	 for	 Research	 In	
Economics.	



18	
	

Drehmann,	M.,	and	 J.	Yetman,	2018,	 “Why	you	should	use	 the	Hodrick-Prescott	 filter	–	at	 least	 to	
generate	credit	gaps”,	BIS	Working	Papers,	No	744.	

Evans	G.,	1985,	"Bottlenecks	and	the	Phillips	Curve:	A	Disaggregated	Keynesian	Model	of	Inflation,	
Output,	 and	 Unemployment,"	 Economic	 Journal,	 Royal	 Economic	 Society,	 vol.	 95(378),	
pages	345-357,	June.	

Fernald,	J.	and	H.	Li,	2021,	"The	Impact	of	COVID	on	Potential	Output,"	Federal	Reserve	Bank	of	San	
Francisco	Working	Paper,	2021-09.	

--,	2022.	"The	Impact	of	COVID	on	Productivity	and	Potential	Output,"	Federal	Reserve	Bank	of	San	
Francisco	Working	Paper	2022-19.	

Filardo,	A.	and	P.	Rungcharoenkitkul,	2016.	“A	quantitative	case	for	leaning	against	the	wind”,	BIS	
working	Papers.	No	594.	

Freedman,	C.,	M.	Kumhof,	D.	Laxton,	D.Muir,	and	S.	Mursula,	2010,	"Global	Effects	of	Fiscal	Stimulus	
During	the	Crisis,"	Journal	of	Monetary	Economics,	Bol.	57	(June),	pp.	506-526.	

Gaspar,	V.,	M.	Obstfeld,	R.	Sahay,	D.	Laxton,	D.	Botman,	K.	Clinton,	R.	Duval,	K.	Ishi,	Z.	Jakab,	L.J.	Mayor,	
C.L.	 Ngouana,	 T.M.	 Griffoli,	 J.	Mongardini,	 S.	Mursula,	 E.	 Nier,	 Y.	 Ustyugova,	 H.	Wang,	 O.	
Wuensch,	 2016,	 "Macroeconomic	 Management	 When	 Policy	 Space	 Is	 Constrained:	 A	
Comprehensive,	 Consistent	 and	 Coordinated	 Approach	 to	 Economic	 Policy"	 IMF	 Staff	
Discussion	Note	No	16/09.	

Haworth	 C.,	 A	 Kostanyan	 and	 D.	 Laxton,	 2020,	 “History	 of	 Inflation	 Targeting	 in	 New	 Zealand,”	
London	School	of	Economics	and	Political	Science.	

Hodrick,	R.J.,	and	E.C.	Prescott,	1997,	“Post-War	U.S.	Business	Cycles:	An	Empirical	 Investigation,”	
Journal	of	Money,	Credit	and	Banking,	Vol.	29(1),	pp.	1–16.	

Hofmann,	 B.,	 and	 B.	 Bogdanova,	 2012,	 "Taylor	 rules	 and	 monetary	 policy:	 a	 global	 "Great	
Deviation"?,"BIS	Quarterly	Review,	Bank	for	International	Settlements,	September.	

Kostanyan	A.,	D.	Laxton,	J.	Romero,	V.	Avagyan,	H.		Avetisyan,	M.	Galstyan,	E.	Hovhannisyan,	H.	Igityan,	
H.	Karapetyan,	J.	Laxton,	A.	Nurbekyan,	A.	Papikyan,	and	N.	Yeritsyan,	2022a,	"FPAS	Mark	I	
Central	Bank	Transparency	and	Credibility	Measures,”	CBA	Working	Paper	2022/05.	

Kostanyan	A.,	A.	Matinyan,	A.	Papikyan,	V.	Avagyan,	H.		Avetisyan,	M.	Galstyan,	E.	Hovhannisyan,	H.	
Igityan,	H.	Karapetyan,	D.	Laxton,	J.	Laxton,	A.	Nurbekyan,	and	N.	Yeritsyan,	2022b,	"Getting	
FIT	with	Imperfect	Policy	Credibility.	DYNARE/JULIA	Workshops	with	an	Application	for	
the	US	Economy,"	CBA	Working	Paper	2022/04.	

Kostanyan	A.,	_____,	2022c,	“Getting	FIT	with	Imperfect	Policy	Credibility.	DYNARE/JULIA	Workshops	
with	an	Application	for	a	Small	Open	Economy,"	CBA	Working	Paper	2022/07.	

Kostanyan	A.,	D.	Laxton,	J.	Romero,	V.	Avagyan,	H.		Avetisyan,	M.	Galstyan,	E.	Hovhannisyan,	H.	Igityan,	
H.	Karapetyan,	J.	Laxton,	A.	Manukyan,	A.	Nurbekyan,	A.	Papikyan	and	N.	Yeritsyan,	2023a,	
"FPAS	Mark	 II	Central	Bank	Transparency	and	Credibility	Measures,	 January	2023”	CBA	
Working	Paper	2023/06,	January	2023.	

Kostanyan	 A.,	 _____,	 2023b,	 "FPAS	Mark	 II	 Central	 Bank	 Transparency	 and	 Credibility	 Measures,	
October	2023”	Forthcoming	CBA	Working	Paper,	October	2023.	

Kostanyan	A.	and	D.	Laxton,	2020,	“Time	to	Change	the	Bank	of	Canada’s	Mandate,”	London	School	
of	Economics	and	Political	Science.	

Kumhof,	 M.	 and	 D.	 Laxton,	 2007,	 “Improved	 Macroeconomic	 Performance	 Good	 Luck	 or	 Good	
Policies”,	Box	5.2	of	Chapter	5	of	the	October	2007	World	Economic	Outlook,	International	
Monetary	Fund.	

Laubach,	 T.	 and	 John	C.	Williams,	 2003.	 "Measuring	 the	Natural	Rate	 of	 Interest,"	 The	Review	of	
Economics	and	Statistics,	MIT	Press,	vol.	85(4),	pages	1063-1070.	

Laxton	D.	and	C.	Rhee,	2022a,	“Reassessing	Constraints	on	the	Economy	and	Policy:	Some	Lessons	
from	Unconventional	Monetary	Policy	for	Small	Open	Economies	and	Emerging	Markets,”	
Economic	Policy	Symposium	-	Jackson	Hole,	Federal	Reserve	Bank	of	Kansas	City.	



19	
	

Laxton	D.	and	C.	Rhee,	2022b,	“Implementing	Summers'	“Adversarial	Collaboration”	with	Scenarios-
Based	Conventional	Forward	Guidance,”	BoK	upcoming	Working	Paper.	

Okun,	A.M.,	1962,	“Potential	GNP:	Its	Measurement	and	Significance,”	in	Proceedings	of	the	Business	
and	Economic	Statistics	Section,	pp.	98-104	(Washington:	American	Statistical	Association).	

Papikyan,	A.,	V.	Avagyan,	H.		Avetisyan,	M.	Galstyan,	E.	Hovhannisyan,	H.	Igityan,	H.	Karapetyan,	A.	
Kostanyan,	 D.	 Laxton,	 J.	 Laxton,	 A.	 Nurbekyan,	 and	 N.	 Yeritsyan,	 2022a,	 "Not	 the	 Fed	
Tealbook,	October	2022"	CBA	Working	Paper	2022/06.	

Papikyan	A.,	 _____,	2022b,	 "Not	 the	Fed	Tealbook,	December	2022"	CBA	Working	Paper	2022/09,	
December	2022.	

Papikyan	 A.,	 _____,	 2023a,	 "Not	 the	 Fed	 Tealbook,	 January	 2023"	 CBA	 Working	 Paper	 2023/07,	
January	2023.	

Papikyan	A.,	_____,	2023b,	"Not	the	Fed	Tealbook,	March	2023"	CBA	Working	Paper	2023/08,	March	
2023.	

Papikyan	A.,	_____,	2023c,	"Not	the	Fed	Tealbook,	May	2023"	Forthcoming	CBA	Working	Paper,	May	
2023.	

Papikyan	A.,	_____,	2023d,	"Not	the	Fed	Tealbook,	June	2023"	Forthcoming	CBA	Working	Paper,	June	
2023.	

Papikyan	A.,	_____,	2023e,	"Not	the	Fed	Tealbook,	July	2023"	Forthcoming	CBA	Working	Paper,	July	
2023.	

Papikyan	A.,	_____,	2023f,	"Not	the	Fed	Tealbook,	September	2023"	Forthcoming	CBA	Working	Paper,	
September	2023.	

Papikyan	A.,	_____,	2023g,	"Not	the	Fed	Tealbook,	October	2023"	Forthcoming	CBA	Working	Paper,	
October	2023.	

Papikyan	A.,	_____,	2023h,	"Not	the	Fed	Tealbook,	December	2023"	Forthcoming	CBA	Working	Paper,	
December	2023.	

Saunders,	T.	and	P.	Tulip,	2019,	“Cost-benefit	Analysis	of	Leaning	against	the	Wind”,	RBA	Research	
Discussion	Paper,	RDP	2019-05.	

Shiratsuka,S.(01	April,	2005).	The	asset	price	bubble	in	Japan	in	the	1980s:	lessons	for	financial	and	
macroeconomic	stability.BIS	Papers,21,42-62.		

Svensson,	Lars	E.O.,	2017,	“Leaning	Against	the	Wind:	The	Role	of	Different	Assumptions	About	the	
Costs”,	NBER	Working	Paper	Series	No.	23745.	

Taylor,	J.,	2019,	“Reform	of	the	International	Monetary	System	Why	and	How?”,	MIT	Press.	
Tchanturia,	M.,	V.	Avagyan,	D.	Laxton,	H.		Avetisyan,	M.	Gevorgyan,	E.	Hovhannisyan,	H.	Igityan,	M.	

Galstyan,	 ,	 H.	 Karapatan,	 A.	 Kostanyan,	 J.	 Laxton,	 A.	 Nurbekyan,	 A.	 Papikyan,	 and	 N.	
Yeritsyan,	 “The	 Return	 of	 Bottlenecks	 and	 Convex	 Phillips	 Curves,”	 Forthcoming	 CBA	
Working	Paper,	April	2023.	

Turner,	 D.,	 M.	 C.	 Cavalleri,	 Y.	 Guillemette,	 A.	 Kopoin,	 P.	 Ollivaud	 and	 E.	 Rusticelli,	 2016,	 "An		
investigation	into	improving	the	real-time	reliability	of	OECD	output	gap	estimates,"	OECD	
Economics	Department	Working	Papers	1294,	OECD	Publishing.	

Wessel	D.,	2020,	“COVID-19	and	the	Economy:	Your	Questions,	our	Answers,”	Brookings	Blog,	April	
1,	2020.	
https://www.brookings.edu/blog/up-front/2020/04/01/covid-19-and-the-economy/	

Wolla	S.,	2021,	"Minding	the	Output	Gap:	What	Is	Potential	GDP	and	Why	Does	It	Matter?,"	Page	One	
Economics	Newsletter,	Federal	Reserve	Bank	of	St.	Louis,	May.	


