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Abstract

All practical evaluations of fiscal sustainability that include the effects of population ageing must utilize 
demographic forecasts. It is well known that such forecasts are uncertain, and that has been taken into ac-
count in some studies by using stochastic population projections jointly with economic models. We de-
velop this approach further by introducing regular demographic forecast revisions that are embedded 
in stochastic population projections. This allows us to separate systematically, in each demographic out-
come and under different policy rules, the expected and the actualized effects of population ageing on 
public finances. We show that the likelihood of sustainability risks is significant, and that it would be wise 
to consider policies that reduce the likelihood of getting highly indebted. Furthermore, although demo-
graphic forecasts are uncertain, they seem to contain enough information to be useful in forward-look-
ing policy rules.

Key words: Public finance, fiscal sustainability, stochastic population simulations, changing demographic 
forecasts

JEL: H30, H62, H63, J11

Tiivistelmä

Julkisen talouden kestävyysarvioissa tarvitaan ennusteita tulevasta väestökehityksestä, jos väestön ikään-
tymisen seuraukset halutaan ottaa mukaan. Väestöennusteiden epävarmuus on suurta, ja tämä on eräissä 
aiemmissa tutkimuksissa huomioitu tekemällä kestävyyslaskelmia stokastisten väestösimulaatioiden avul-
la. Tässä tutkimuksessa näihin simulointeihin on lisätty periodeittain päivittyvät väestöennusteet. Tämän 
uuden tekniikan avulla tutkimme sekä odotettuja väestön ikääntymisen vaikutuksia julkiseen talouteen 
että odotuksista poikkeavien toteutumien vaikutuksia erilaisten politiikkavalintojen oloissa.

Julkisen talouden nykylinjaa kuvaamme politiikkana, jossa työeläkemaksuja nostetaan eläkemenojen ra-
hoittamiseksi, ja terveys- ja hoivamenot rahoitetaan kunnallisveroilla ja valtionavuilla. Valtion veroasteet 
pidetään nykyisillä tasoillaan. Osoitamme, että riski valtion velan kasvusta kestämättömäksi on merkittä-
vä, ja ylivelkaantumisen estämiseksi olisi syytä miettiä vaihtoehtoisia tai täydentäviä politiikkavalintoja. 
Osoitamme myös, että vaikka väestöennusteet ovat hyvin epävarmoja, niiden varaan voidaan rakentaa 
hyödyllisiä politiikkasääntöjä velkaantumisen rajoittamiseksi.

Asiasanat: Julkisen talouden kestävyys, muuttuvat väestöennusteet, stokastiset väestösimulaatiot



3Fiscal Sustainability and Policy Rules under Changing Demographic Forecasts

1 Introduction
	
Population	ageing	will	in	the	coming	decades	result	in	age	structures	vastly	different	from	an-
ything	previously	experienced.	It	will	put	pressure	on	public	finances,	since	the	elderly,	whose	
population	shares	are	increasing,	are	net	recipients	of	public	outlays	and	those	in	working	ag-
es,	a	declining	group	at	least	relatively	and	in	many	countries	absolutely,	are	the	net	payers.	

Analysis	of	 sustainability	 is	 thus	needed	to	make	a	realistic	 foresight	on	whether	 the	public	
sector	can	in	the	future	finance	the	services	and	transfers	it	has	explicitly	or	implicitly	prom-
ised	to	citizens.	This	is	especially	important	in	Nordic	countries	where	public	welfare	trans-
fers	and	services	are	extensive	and	people	on	the	whole	seem	to	count	on	them	when	ponder-
ing	on	how	the	old	age	will	turn	out	economically.	

This	study	concerns	the	sustainability	of	public	finances	in	Finland.	It	considers	the	large	pub-
lic	sector	which	consists	of	the	state,	the	municipalities	and	the	social	security	institutions	in-
cluding	the	statutory	earnings-related	pension	system.

We	wish	to	utilize	the	empirical	research	concerning	the	uncertainty	in	demographic	projec-
tions.	Studies	show	that	official	long-term	demographic	projections,	both	national	and	inter-
national,	have	 in	 the	past	been	highly	uncertain	and	 in	 some	respects	 systematically	biased	
(see	Keilman,	2008).	Although	better	use	of	statistical	methods	might	reduce	the	biases,	the	
uncertainty	remains.	Other	studies	have	evaluated	the	effects	of	demographic	uncertainties	on	
the	economic	consequences	of	population	ageing,	and	shown,	not	surprisingly,	that	econom-
ic	estimates	also	become	very	uncertain	(see	Alho,	Lassila	and	Valkonen,	2005).	The	results	of	
this	study	support	these	findings.

The	key	novelty	here	is	that,	in	a	setup	of	stochastic	population	projections,	we	also	include	
changing	demographic	forecasts.	This	allows	us	to	separate	expected	and	actual	outcomes	in	
fairly	realistic	situations	and	analyze	the	consequences	of	some	policy	rules,	especially	from	
their	timing	point	of	view.

Recently,	Leeper	(2010)	criticized	fiscal	policy	analysis	in	general	and	sustainability	analysis	
as	a	specific	part	of	it	for	a	poor	state	of	modelling.	He	longed	for	a	situation	where	‘detailed	
analyses	of	“unsustainable	fiscal	policies”	are	no	longer	conducted	without	explicit	analysis	of	
expectations	and	dynamic	adjustments”	 (Leeper,	2010,	p.2).	Our	approach	 fully	agrees	with	
Leeper’s	suggestions.

This	study	is	made	for	the	National	Audit	Office	of	Finland.	It	is	Finland’s	Supreme	Audit	In-
stitution	 and	 reports	 directly	 to	 Parliament.  It	 audits	 the	 state’s	 finances	 and	 asset	 manage-
ment	in	order	to	ensure	that	public	funds	are	spent	wisely	and	in	compliance	with	legislation.	
Thus	the	results	and	messages	of	this	sustainability	analysis	are	being	disseminated	to	a	vast	
group	of	political	decision-makers.	Disseminating	the	uncertainties	involved	is	difficult.	It	is,	
however,	an	integral	part	of	this	project.	We	aim	to	develop	graphical	representations,	exam-
ples	of	which	are	included	here,	that	hopefully	clarify	the	issues	without	simplifying	any	es-
sential	features	away.

In	Section	2	of	this	study,	we	first	discuss	general	issues	of	sustainability	and	the	role	of	uncer-
tainty	in	the	analysis,	based	on	previous	research.	We	then	discuss	in	Section	3	the	key	meth-
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odological	improvement	in	stochastic	population	projections,	namely	embedding	periodical-
ly	updated	demographic	forecasts	to	each	time-point	in	each	simulated	population	path.	Sec-
tion	4	describes	the	economic	model	and	the	long-term	projection	outcomes	for	the	Finnish	
public	sector	finances	under	our	base	policy	assumptions.	The	role	of	additional	policy	rules	
and	their	implications	for	sustainability	of	Finnish	public	finances	is	analyzed	and	discussed	
in	Section	5,	using	VAT-rules	that	are	based	on	the	expected	size	of	the	sustainability	gap	or	
expected	indebtedness.	Section	6	contains	some	observations	concerning	the	effects	of	tax	in-
creases	on	the	sustainability	gaps	that	will	be	calculated	in	the	future.	Section	7	concludes.	

Fiscal crisis and sustainability analysis
The European fiscal debt crisis changes the way how fiscal sustainability will be assessed in future 
in the EMU. The previous practice of publishing target-orientated non-binding Stability and Conver-
gence Programmes for the medium term and numerical illustrations of the way how government 
debts explode in the long term has turned out to be useless and even misleading in the case of the 
strongly indebted Member States. Markets do not any more trust promises or lax agreements prone 
to political discretion and wait for the accumulation of debt, but raise the interest rate. Also the 
EU has been compelled to react to the crisis by reforming its surveillance, guidance and sanction 
mechanisms.

From the point of view of sustainability evaluations, this development raises three issues. The first 
is the credibility of the new EU rules. If they are effective, the existing structural deficits will be 
corrected in the medium term, public debts will be lower in the long term and the main focus of 
sustainability analysis returns to long-term ageing expenditure. The second issue is the increased 
sensitivity of the interested rates on government bonds on the deficits and debts in the euro area. 
This will be the more important the less credible and efficient the new EU rules are. The third issue is 
the political capacity of the governments to follow strict fiscal policy and implement large enough 
austerity measures, if necessary. 

The challenge is aggravated by the need to simultaneously improve competitiveness in the crisis 
countries. This reminds of the situations in which many developing countries have struggled for 
a long time, with one important exception: devaluation is not allowed for single Member States. 
Improvement in competitiveness requires structural reforms, lower wages, fiscal devaluations and 
weaker euro.

European Commission aims to learn from recent experiences, when it reforms its sustainability 
analysis. It suggests introducing several new methodologies (European Commission, 2011). The first 
is to measure the fiscal risk linked to the banking sector in order to estimate the possible impact that 
a banking crisis could have on the public finances. Second methodology uses fiscal and macroeco-
nomic variables to identify thresholds which have in the past been linked to the onset of crises. Third 
one estimates country-level fiscal reaction functions and combines them with the intertemporal 
budget constraint to calculate sustainable debt levels under different assumptions for the interest 
rate-growth rate differential. Finally, since the required fiscal measures are large leading to substan-
tial changes in behavior and market prices, numerical general equilibrium models are suggested to 
be used to simulate the outcomes of the reforms.

The main new pillar in the economic governance system of EU is legislative package called ‘six 
pack’. It entered in force December 13, 2011, allowing it to be applied in time for the next European 
Semester*. Six pack aims to stronger preventive and corrective action to ensure fiscal sustainability 

* European semester is a governance architecture, aimed to improve ex ante coordination of budgetary and economic policies.
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and to identify and correct competitive gaps and macroeconomic imbalances. The elements of the 
six pack are the following. 

–  A concept of prudent fiscal policy-making (PFPM) will be adopted as the basis of preventive sur-
veillance. It implies that the growth rate of government expenditure does normally not exceed 
growth rate of GDP in the medium term. 

–  It will be possible to open an Excessive Deficit Procedure (EDP) also on the basis of the debt cri-
terion. Member States with government debt ratios in excess of 60% of GDP should reduce this 
ratio in line with a numerical benchmark, which implies a decline of the amount by which their 
debt exceeds the threshold at a rate in the order of 1/20th per year over three years. If they do 
not, they could be placed in EDP.

–  The threat of progressive sanctions will be strengthened: 
– Large deviations from prudent fiscal policy-making may lead to interest-bearing deposit of 

0.2% of GDP. 
– A non-interest-bearing deposit of 0.2% of GDP may be requested from a euro area country 

that is placed in EDP. 
– In case of non-compliance with the initial recommendation for corrective action, this non-

interest-bearing deposit will be converted into a fine. The fine will be increased in case of 
repeated non-respect of the recommendations.

– On a recommendation by the Commission, sanctions will be imposed by the Council unless a 
qualified majority of Member States vote against it.

–  A new directive on national budgetary frameworks will be adopted. Fiscal frameworks should be 
reliable, multi-annual and transparent and include numerical fiscal rules. 

–  A new surveillance and enforcement mechanism will be set up to identify and correct competi-
tiveness gaps and major macroeconomic imbalances within the EU. It is called the Excessive 
Imbalance Procedure (EIP). An early warning mechanism is adopted that may trigger in-depth 
studies. The Commission and the Council may adopt preventive recommendations to correct the 
imbalances. If these recommendations are not followed, EIP may be opened. 

–  For euro area countries an interest-bearing deposit can be imposed after one failure to comply 
with the EIP’s recommended corrective action. After a second compliance failure, this interest-
bearing deposit can be converted into a fine (up to 0.1% of GDP). Sanctions can also be imposed 
for failing twice to submit a sufficient corrective action plan. The fine can only be stopped by a 
qualified majority vote.

Another agreement, called ‘fiscal compact’ was preliminarily approved in the beginning of Decem-
ber 2011. This agreement includes e.g. the following elements.
–  It obliges eurozone countries to incorporate a balanced general government budget provision 

into their national constitutions, committing them to keeping annual structural deficits at or 
below 0.5 per cent of nominal GDP. The provision must also include an automatic correction 
mechanism that kicks in if the deficits exceed the ceiling. 

–  The EDP will be reinforced by automatic consequences as soon as the euro area Member State 
is in breach of the 3 % deficit ceiling. Again, a qualified majority of these countries is needed to 
avoid the steps and sanctions proposed by the Commission.

The stricter and the more automatic the new rules are the more fiscal policy autonomy is lost, which 
may be difficult to accept in some countries. Another point is that since there are so many countries 
in EU that does not currently comply with the criteria, the requirement of qualified majority may not 
be as binding as desired. Possible weak point may also be the difficult measurement of structural 
deficits.
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2 Fiscal sustainability and uncertain demographics 
	
A	well-known	definition	of	the	sustainability	of	fiscal	policies	is	the	OECD	view:	“Sustainabil-
ity	is	basically	about	good	housekeeping.	It	is	essentially	about	whether,	based	on	the	policy	
currently	on	books,	a	government	is	headed	towards	excessive	debt	accumulation.”	(Blanchard	
et	al.	1990,	p.	8).	More	precisely:	“Fiscal	policy	can	be	thought	of	as	a	set	of	rules,	as	well	as	an	
inherited	level	of	debt.	And	a	sustainable fiscal policy	can	be	defined	as	a	policy	such	that	the	
ratio	of	debt	to	GNP	eventually	converges	back	to	its	initial	level”	(p.11).	

Forward-looking	approaches	to	sustainability,	like	the	one	we	apply	here,	projects	future	val-
ues	for	the	determinants	of	the	debt	dynamics	and	develops	measures	that	quantify	the	need-
ed	adjustment	if	unsustainable	dynamics	is	detected.	The	quality	of	data	and	the	elaborateness	
and	sophistication	level	of	the	models	used	have	developed	a	lot	in	past	few	years,	but	there	is	
still	much	room	for	improvement1.

Blanchard	(1985)	defines	a	‘tax	gap’	as	an	immediate	adjustment	in	the	total	tax	rate	that	al-
lows	the	debt/GDP	ratio	to	converge	to	the	current	level	at	a	give	terminal	date.	A	correspond-
ing	flow	indicator,	developed	by	Buiter	(1985)	is	a	‘primary	gap’	defined	as	an	immediate	ad-
justment	in	the	primary	balance	that	would	fulfill	the	same	terminal	debt	condition.	

It	was	later	noted,	however,	that	the	required	fiscal	adjustment	depends	heavily	on	the	chosen	
terminal	date.	Therefore,	alternative	specifications,	which	estimate	these	indicators	assuming	
infinite	horizon,	have	been	developed.	Another	later	refinement	considers	the	amount	of	ter-
minal	debt.	A	more	stringent	condition	assumes	that	the	present	value	of	all	future	surplus-
es	and	deficits	equals	current	debt,	implying	that	the	debt	will	finally	be	fully	repaid	(Heller,	
2003).	This	condition	is	known	as	the	present	value	budget	constraint.

In	practice,	the	choice	of	the	initial	values	is	also	important.	Business	cycles	may	cause	tempo-
rary	variation	in	tax	receipts,	expenditure,	interest	rates	and	in	the	value	of	the	government’s	
assets.	The	magnitude	of	the	necessary	discretionary	measures	depends,	however,	on	the	cy-
clically	adjusted	initial	total	tax	rate	or	primary	balance.

European	 Commission	 uses	 two	 sustainability	 measures	 that	 are	 directly	 elaborated	 from	
these	 indicators.	The	 first	one	measures	 the	difference	between	current	 total	 tax	 rate	and	a	
tax	rate	that	is	required	to	generate	public	debt/GDP	ratio	of	60	percent	in	2050.	The	second	
measures	the	tax	gap	that	would	equalize	the	current	public	debt	and	the	present	value	of	all	
future	surpluses	and	deficits	(EPC,	2006).	We	use	the	latter	measure	here.

2.1 Economic models
	
Recent	sustainability	assessments	have	utilized	three	types	of	economic	models.	Majority	of	
the	calculations	has	been	made	with	accounting	models.	A	special	example	of	these	models	is	
generational	accounts.	A	less	frequently	used	framework	is	macroeconometric	models.	Third	
choice	is	numerical	dynamic	general	equilibrium	models,	often	with	overlapping-generations	
household	structure.	

1 “The process of developing long-term budgets is in its infancy, and there is neither a single analytical approach nor a fiscal rule for 
sustainable development that has achieved agreement as best practice.” Ulla (2006).
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Generational	accounts	include	detailed	description	of	the	current	links	between	age	structure	
of	population	and	the	public	sector	finances.	The	other	data	needed	consists	of	a	population	
projection	and	assumptions	about	future	employment	rates,	productivity	growth	rate	and	in-
terest	rate	(see	e.g.	Alho	and	Vanne,	2006).	A	similar	simple	macroeconomic	setting	is	in	use	
also	in	other	accounting	models	(see	e.g.,	Duyck	et	al.,	2005).	Accounting	models	thus	often	
provide	elaborated	description	of	 financial	 flows	between	 individuals	and	public	sector,	but	
have	minimum	macroeconomic	contents	and	no	behavioral	effects.	

Sustainability	analysis	performed	by	the	European	Commission	takes	the	results	of	the	nation-
al	pension	projections	as	given,	but	projects	the	other	age-dependent	expenditures	using	sim-
ilar	methodology	as	in	generational	accounts.	They	consider	also	the	influence	of	the	size	of	
the	working-age	population	on	the	growth	rate	of	the	GDP.	The	lack	of	any	behavioral	reac-
tions	weakens	the	relevance	of	the	performed	sensitivity	and	policy	analysis.	

Dynamic	general	equilibrium	models,	with	overlapping	generations	of	household,	 take	 into	
account	the	interaction	between	demographic	structure	and	the	factor	markets	of	the	econ-
omy,	encompassing	 thereby	 implications	of	growth	models.	They	can	also	produce	 the	out-
comes	of	actuarial	pension	models	and	generational	accounts,	since	it	is	possible	to	model	the	
pension	system	rules	and	detailed	links	between	age	of	the	household	generations	and	public	
expenditures	and	revenues.	They	suit	well	to	policy	analysis,	since	households	and	firms	react	
to	policy.	For	the	same	reason,	they	are	able	to	track	the	sensitivity	of	the	public	sector	financ-
es	to	variation	in	factors	that	are	out	of	reach	of	domestic	policy.	

2.2 Risks and stochastic projections
	
The	forward-looking	approach	is	sensitive	to	the	accuracy	of	the	projections.	Uncertainty	in	
numerical	 analysis	of	public	 finances	 is	 typically	assessed	by	generating	a	baseline	 scenario	
and	some	alternatives	in	order	to	reveal	the	sensitivity	of	the	baseline	to	some	salient	varia-
bles.	For	example,	European	Commission	(EPC,	2009)	uses	a	large	amount	of	different	scenar-
ios	for	the	most	important	variables	to	describe	alternative	futures.	

It	has	long	been	known	that	this	scenario	approach	suffers	from	many	problems	(see,	Törn-
qvist,	1949).	A	general	finding	in	new	demographic	studies	is	that	uncertainty	is	typically	un-
derestimated	in	official	national	demographic	forecasts	(Anderson	et	al.	2001)	and	thereby	e.g.	
in	pension	expenditure	projections	(Lassila	and	Valkonen,	2008a).	As	a	consequence,	too	nar-
row	range	of	policy	alternatives	is	often	entertained.	One	way	to	avoid	this	is	to	use	stochas-
tic	models.	

Stochastic	sustainability	analysis	can	be	described	by	four	steps2.	First,	a	large	amount	of	sam-
ple	paths	of	the	key	variables	is	produced	using	stochastic	models.	Second,	future	public	ex-
penditure	 and	 taxes	 associated	 with	 each	 of	 these	 paths	 are	 simulated	 using	 an	 economic	
model.	Thirdly,	the	simulation	results	are	transformed	to	sustainability	gaps	or	primary	gaps.	
Fourthly,	the	predictive	distributions	of	the	gaps	are	presented	and	the	probabilities	of	unsus-
tainable	paths	are	evaluated.	

2 There is also another branch of numerical stochastic sustainability analysis, performed mainly by IMF. It analyses the vulnerability 
of debt to adverse shocks. Sustainability simulations are performed typically for the short or medium term using highly aggregated 
econometric models (see e.g. Mendoza and Oviedo, 2004). 
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Studies	that	utilize	stochastic	population	projections	mainly	use	accounting	models	to	analyze	
the	sustainability	of	pension	systems	(e.g.,	Burdick	and	Manchester	2003,	Holmer	2003,	Con-
gressional	Budget	Office	(CBO)	2001,	Auerbach	and	Lee,	2006,	Keilman,	2005).	The	excep-
tions	in	this	line	of	research	are	Lee	and	Miller	(2001)	and	Lassila	and	Valkonen	(2004),	who	
study	health	care	and	Creedy	and	Scopie	(2002),	who	forecast	also	social	expenditures	with	an	
accounting	model.	The	method	of	stochastic	forecasting	has	been	applied	also	to	the	unit	costs	
of	health	care,	see	Boards	of	Trustees	(2003).	The	effects	of	both	economic	and	demographic	
uncertainty	on	aggregate	public	finances	are	studied	in	a	similar	accounting	framework	by	Lee	
and	Tuljapurkar	(1998,	2001).	Alho	and	Vanne	(2006)	and	Sefton	and	Weale	(2005)	used	gen-
erational	accounting	to	perform	a	corresponding	risk	analysis.	

Alho	 et	 al.	 (2002)	 and	 Alho,	 Jensen,	 Lassila	 and	 Valkonen	 (2005)	 were	 the	 first	 to	 analyze	
ageing	 using	 a	 large	 set	 of	 OLG	 model	 simulations;	 the	 application	 concerned	 the	 Lithua-
nian	economy.	Alho	et	al.	(2008)	present	similar	results	for	some	other	countries.	Lassila	and	
Valkonen	(2008b)	analyze	financial	sustainability	of	the	Finnish	public	sector	using	stochas-
tic	projections	to	describe	the	uncertain	future	demographic	trends	and	asset	yields.	They	also	
analyze	three	policy	options	aimed	at	improving	sustainability.	Longevity	adjustment	of	pen-
sion	benefits	and	introduction	of	a	NDC	pension	system	both	reduce	the	expected	problem	
and	narrow	the	sustainability	gap	distribution.	If	pension	funds	 invest	more	 in	equities	and	
expect	to	get	higher	returns,	that	would	also	limit	the	sustainability	problem,	but	only	with	a	
precondition	that	policymakers	in	the	future	can	live	with	substantially	larger	variation	in	the	
value	of	the	funds	without	adjusting	tax	rules	or	benefits.	

3 Forecasting demographic forecasts
	
To	 illustrate	 how	 long-term	 demographic	 forecasts	 can	 change	 substantially	 in	 a	 relatively	
short	time,	Figure	1	shows	four	forecasts,	made	between	2002	and	2009,	for	the	future	popula-
tion	in	Finland.	The	total	population	was	forecasted	in	2002	to	be	about	5	million	in	2050.	The	
view	has	changed	gradually,	and	the	latest	forecast	is	about	6.1	million	in	2050.	That	means	a	
22	percent	difference	between	forecasts	made	during	seven	years.	

There	were	large	and	systematic	changes	also	in	the	number	of	working-age	population	and	
the	number	of	elderly.	These	changes	can	be	traced	back	to	changing	views	on	fertility,	mi-
gration	and	longevity.	They	have	affected	empirical	sustainability	evaluations	in	various	ways.	
There	are	more	people	working	 (good	 for	 tax	 revenues),	more	 retirees	 (costly	 for	public	 fi-
nances)	and	people	live	longer	(good	for	individual	welfare	but	costly	for	public	finances).

Figure	2	shows	the	forecasts	for	the	number	of	people	aged	65	and	over.	Although	the	changes	
have	been	significant,	they	all	show	the	basic	feature	of	an	ageing	society:	the	number	is	grow-
ing.	The	issue	is	quantitative	–	population	is	ageing	but	we	don’t	know	how	much.	

Statistical	methods	of	expressing	demographic	uncertainty	have	been	developed	by	many	re-
searchers	(see	e.g.	Alho	and	Spencer,	2005).	These	methods	quantify	uncertainty	probabilis-
tically,	based	on	analyses	of	past	demographic	data	and	the	views	of	experts.	Fertility,	mor-
tality	and	migration	are	considered	as	stochastic	processes.	The	parameters	of	these	process-
es	are	fitted	to	match	the	errors	of	past	forecasts	(see	Alho	et	al.,	2008).	Again,	judgment	may	
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be	used.	Thereafter,	sample	paths	for	future	population	by	age-groups	are	simulated.	We	deal	
with	demographic	uncertainty	by	using	such	stochastic	population	projections.	

We	also	pry	more	 information	out	of	 stochastic	population	projections	 than	has	been	done	
previously.	 In	 essence,	 we	 add	 demographic	 forecasts	 for	 the	 future	 that	 start	 in	 different	
time	points	 in	simulated	population	paths.	Given	the	uncertainty	of	population	forecasting,	
it	might	seem	that	trying	to	forecast	what	future	population	forecasts	are	like,	would	be	near-
ly	hopeless.	We	argue,	however,	that	forecasts	are,	for	both	theoretical	and	practical	reasons,	
more	regular	than	actual	developments.	As	a	practical	reason,	it	should	be	mentioned	that	the	
development	of	the	recent	past	often	has	a	heavy	influence	on	projections	of	the	remote	future.	

Figure 1 Population in Finland, as forecasted by Statistics Finland
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Figure 2 Population in ages 65+ in Finland, as forecasted by Statistics Finland
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Stochastic	population	projections	are	produced	by	a	computer	program	PEP	 (for	a	descrip-
tion,	visit	http://www.joensuu.fi/statistics/juha.html).	Another	computer	program	FPATH ex-
tends	the	application	of	results	from	PEP	to	forward-looking	OLG	models,	where	agents	are	
allowed	to	revise	their	lifetime	economic	plans	as	they	realize	that	population	has	not	evolved	
according	to	the	expected	path.	For	this	purpose	FPATH calculates	a	numerical	approxima-
tion	 to	 the	conditional	expectation	of	 future	population	at	 future	years	 for	a	 (typically	 ran-
dom)	subset of paths	We	can	think	of	the	conditional	expectation	as	being	a forecast of what 
would be a forecast in	a	future	year.	This	methodology	is	new,	and	is	described	in	more	detail	
in	Alho	(2011).	

The	stochastic	projection	for	population	in	ages	65+	in	Finland	is	presented	in	Figure	3.	Half	
of	the	simulation	outcomes	are	in	the	shaded	area	around	the	median.	10	%	of	the	outcomes	
are	above	the	90	%	line	and	10	%	are	below	the	10	%	line.

1970 1980 1990 2000 2010 2020 2030 2040 2050 2060
0.2

0.6

1

1.4

1.8

0.2

0.6

1

1.4

1.8

Mill.Mill.

 
 50 % predictive interval10 % 90 %Median

ETLA

Figure 3 Predictive distribution of population in ages 65+ in Finland
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Figure 4 Population in ages 65+ in Finland in one simulated path
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Figure	4	describes	population	in	ages	65+	in	one	path	of	the	simulated	population	projections	
for	Finland,	produced	by	the	program	PEP.	The	solid	line	is	the	actual	simulated	path,	and	the	
dotted	lines	represent	the	forecasted	forecasts	for	the	path.	The	forecasts	lie	nicely	below	the	
actual	path,	resembling	those	in	Figure	4.	This	is	not	generally	true	in	other	simulated	paths,	
where	the	forecasts	can	and	do	both	overestimate	and	underestimate	the	‘actuals’.	

4 The economic model and base policy outcomes

4.1 The model
	
The	population	projections	with	their	embedded	forecasts	are	used	as	inputs	in	an	econom-
ic	model.	We	simulate	the	sustainability	of	public	finances	using	a	perfect	foresight	numeri-
cal	overlapping	generations	model	of	the	type	originated	by	Auerbach	and	Kotlikoff	(1987).	
It	is	modified	to	describe	a	small	open	economy	and	calibrated	to	the	Finnish	economy.	The	
FOG	model	consists	of	five	sectors	and	three	markets.	The	sectors	are	households,	enterpris-
es,	a	government,	two	pension	funds	and	a	foreign	sector.	The	labor,	goods	and	capital	markets	
are	competitive	and	prices	balance	supply	and	demand	period-by-period.	There	 is	no	mon-
ey	or	inflation	in	the	model.	The	unit	period	is	five	years,	and	the	model	has	16	adult	gener-
ations	living	in	each	period.	The	model	is	described	in	more	detail	e.g.,	in	Lassila	and	Valko-
nen	(2007b).

We	assume	that	the	pre-tax	rate	of	return	on	saving	and	investments	is	determined	in	global	
capital	 markets.	 In	 trade	 of	 goods	 the	 country	 has,	 however,	 some	 monopoly	 power,	 which	
makes	the	terms	of	trade	endogenous.	Foreign	economies	are	assumed	to	grow	with	the	trend	
growth	rate	of	the	domestic	labor	productivity.

The	 driving	 forces	 of	 the	 model	 economy	 are	 the	 transitions	 in	 the	 demographic	 and	 edu-
cational	 structure	of	 the	population	and	 the	 trend	growth	of	 labor	productivity.	Population	
is	ageing	due	to	longer	lifetimes,	low	fertility	rates	and	the	transition	of	baby	boomers	from	
working	age	to	retirement.	Educational	level	improves	in	the	future	since	the	current	middle-
aged	generations	have	on	average	much	lower	level	education	than	the	young	ones.	The	im-
provement	raises	productivity	of	labor.	Each	household	generation	is	divided	to	three	educa-
tional	 groups	 with	 different	 lifetime	 productivity	 profile	 determined	 by	 empirical	 observa-
tions	of	recent	wage	profiles.	The	educational	shares	are	supposed	to	develop	in	future	in	line	
with	the	official	projections.	

Labor	input	is	determined	partly	by	exogenous	assumptions	and	partly	due	to	endogenous	ad-
justments	in	the	model.	Exogenous	factors	are	trend	growth	of	labor	productivity	(1,75	%	per	
annum	in	private	goods	production),	demographic	trends,	educational	gains	and	unemploy-
ment	rate.	The	model	is	calibrated	so	that	the	trend	labor	productivity	growth	and	the	follow-
ing	higher	wages	do	not	affect	 the	otherwise	endogenous	 labor/leisure	choice	of	 the	house-
holds.	

The	growing	number	of	people	in	old	age	and	near	death	increases	the	demand	for	health	and	
old	age	care	(see	Lassila,	Valkonen	and	Alho	(2011)	for	a	detailed	description).	We	assume	that	
these	demography-driven	additional	services	are	produced	in	private	sector,	but	production	
costs	are	paid	totally	by	the	public	sector.	These	services	are	produced	using	labor	and	inter-
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mediate	goods	as	inputs.	There	is	no	productivity	growth	in	the	production.	The	shares	of	em-
ployees	in	private	and	public	sector	are	kept	constant.	

Real	wage	adjusts	to	equalize	the	value	of	marginal	product	of	labor	and	labor	costs	in	the	pro-
duction	of	private	goods	and	services.	The	rest	of	the	workers,	who	provide	tax-funded	serv-
ices	produced	in	private	and	public	sector,	earn	the	same	wage.	

Public	expenditures	have	strong	connection	to	the	age	of	individuals.	Provision	of	public	serv-
ices	 is	allocated	mainly	either	 to	 the	early	part	of	 the	 life	cycle	 (day	care	and	education)	or	
to	the	last	ten	years	(health	care	and	old	age	care).	Similarly,	income	transfers	are	distributed	
mainly	either	to	young	families	or	to	retired	individuals.	This	is	why	the	changes	in	the	de-
mographic	structure	are	so	important	for	the	public	expenditures.	We	assume	that	all	income	
transfers	(except	the	earning-related	pensions)	are	fully	indexed	to	wages	because	any	other	
assumption	would	have	dramatic	consequences	to	income	distribution	in	the	very	long	term	
analysis.	Other	than	age-related	expenditure	is	assumed	to	grow	at	the	same	rate	as	the	GDP.

Revenues	of	the	public	sector	originate	from	two	types	of	sources	in	the	model.	The	majority	
of	the	receipts	are	accumulated	by	income	taxes,	consumption	taxes	and	social	security	contri-
butions.	Another	noteworthy	revenue	source	is	the	yield	of	the	public	sector	wealth.	The	yield	
of	the	wealth	is	important	especially	for	the	pension	funds,	but	also	the	central	government	
has	substantial	amount	of	financial	assets.	

We	assume	that	the	modeled	main	subsectors	of	the	general	government,	such	as	the	munici-
pal	sector,	the	public	and	the	private	sector	pension	fund	and	the	national	social	security	in-
stitute,	have	their	own	budgets,	which	are	balanced	either	by	social	security	contributions	or	
earned	income	taxes.	The	only	exception	is	the	state	budget,	which	is	balanced	by	borrowing	
until	2145,	and	after	that	by	using	a	lump	sum	transfer.	Earned	income	tax	brackets	are	adjust-
ed	with	the	growth	of	the	economy.	The	pension	funds	follow	their	current	prefunding	plans,	
and	pension	contributions	are	endogenous.	Households	react	to	the	income	and	substitution	
effects	of	taxation	and	social	security	contributions.	

In	our	analysis	we	substitute	the	perfect	foresight	assumption	with	a	more	realistic	approach	
where	decision	makers	sequentially	optimize	their	behaviour	according	to	revised	demograph-
ic	forecasts.	We	justify	the	use	of	a	revised	forecasts	methodology	by	two	points:	First,	it	seems	
clear	 that	 households	 do	 not	 take	 uncertainties	 related	 to	 their	 future	 contribution	 rates	 or	
benefits	fully	into	account	when	making	their	savings	and	labour	supply	decisions.	These	un-
certainties	are	very	seldom	discussed,	let	alone	quantified,	in	popular	press.	Second,	by	mak-
ing	 the	 extreme	 assumption	 that	 households	 ignore	 these	 uncertainties	 altogether	 and	 base	
their	decisions	on	deterministic	forecasts,	is	a	way	of	avoiding	the	difficulties	related	to	gener-
al	equilibrium	heterogeneous	agent	models	with	aggregate	uncertainty.	This	allows	us	to	use	a	
model	that	includes	detailed	descriptions	of	rather	complex	pension	and	other	welfare	systems.

4.2 Base policy outcomes
	
There	is	a	base	policy	plan	that	is	the	same	in	each	of	the	200	model	runs.	In	this	plan,	welfare	
transfers	and	services	are	provided	according	to	current	rules	and	practices.	Mandatory	pen-
sion	contributions	adapt	to	pension	expenditure,	which	vary	from	one	demographic	path	to	
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another.	Aggregate	health	and	long-term	care	costs	depend	on	population	age	structure	and	
proximity	to	death.	They	are	financed	by	municipal	taxes,	which	thus	also	depend	on	demo-
graphic	variables.	Part	of	health	and	LTC	is,	however,	financed	by	state	aid	to	municipalities.	
State	tax	rates	are	held	constant,	so	variation	in	expenditure	and	tax	bases	causes	variation	in	
public	debt.	We	describe	the	outcomes	of	this	base	policy	on	gross	public	debt	and	on	a	total	
tax	measure,	which	includes	the	pension	contribution	rate,	municipal	taxes	and	all	state	taxes.	
Both	debt	and	taxes	are	related	to	GDP.

Figure 5 Public debt and taxes in Finland in the non-stochastic scenario
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If	demographics	evolve	according	to	Statistics	Finland’s	projection,	the	base	policy	leads	to	in-
creasing	taxes	in	relation	to	GDP,	and	keeps	public	indebtedness	roughly	at	the	current	level	
during	the	coming	decades.	Since	total	taxes/GDP	stays	well	below	the	level	they	were	in	2000	
–	a	historical	record	–	the	base	policy	could	be	described	as	sustainable.	But	that	is	condition-
al	on	the	demographics.

Figure	6	describes	what	kind	of	outcomes	in	2060s3	we	can	expect	the	base	policy	to	produce	
under	demographic	uncertainty.	Each	dot	represents	the	situation	in	one	population	path.	The	
outcomes	are	 separated	only	by	demographic	developments,	 and	 the	economic	 reactions	 to	
both	expected	and	actualized	demographics	that	our	model	gives.	

In	an	ageing	society,	 it	 is	 the	nature	of	 this	base	policy	 that	 taxes	will	 increase.	But	by	how	
much,	 that	 we	 don’t	 know	 but	 can	 make	 probabilistic	 statements	 about.	 As	 each	 stochastic	
population	path	is	equally	likely,	and	thus	also	the	dots	in	Figure	4	are	equally	likely,	count-
ing	the	dots	in	different	parts	yields	corresponding	probabilities.	The	tax	ratio	has	about	one-
third	chance	of	exceeding	the	highest	value	thus	far	in	Finland,	47,2	%	in	2000.	In	all	simula-
tions	the	tax	rate	stays	below	that	in	Sweden	in	2000,	50,8	%	of	GDP,	which	is	the	highest	rate	
recorded	in	EU’s	tax	statistics.

Despite	growing	tax	rates,	indebtedness	is	also	likely	to	increase.	The	debt	ratio	is	likely	to	rise	
over	the	Maastricht	limit,	and	with	a	10	%	probability	over	the	90	%	level	that	Reinhart	and	
Rogoff	(2010)	consider	harmful	for	economic	growth.

3 The model’s unit period is 5 years. Thus ‘2060s’ refers to years 2060–64 for flow variables such as GDP, and to end of 2064 situation 
for stock variables such as debt.
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Whether	this	policy	line	would	be	sustainable	or	not,	is	a	matter	of	opinion.	Some	may	find	
most	of	the	outcomes	generally	plausible,	others	perhaps	not.	But	certainly	the	possibility	of	
problems	cannot	be	ruled	out.	There	is	about	30	%	chance	of	taxes	becoming	higher	than	ever	
before	in	Finland	and	at	the	same	time	debt	exceeding	the	Maastricht	criterion.	Furthermore,	
there	is	an	8,5	%	chance	for	the	very	difficult	outcome	that	tax	rates	are	higher	than	in	2000	
and	indebtedness	exceeds	90	%	(see	Table	1	in	the	following	section).	

5 Expected sustainability and policy rules

5.1 Enhancing sustainability with VAT increases
	
The	 base	 policy	 contains	 many	 rules.	 Besides	 those	 concerning	 pension	 contributions	 and	
municipal	taxes,	there	is	longevity	adjustment	of	pension	benefits,	and	several	indexing	rules.	
Still	it	seems	from	the	2060	outcomes	that	fiscal	policy	does	not	react	to	expected	difficulties	
in	public	finances	in	a	sufficient	manner.	In	many	empirical	sustainability	analyses	this	is	the	
case	throughout,	as	Leeper	(2010)	criticizes.	In	model-based	analysis,	such	as	ours,	we	can	go	
further	and	study	the	effects	of	specific	additional	policy	rules.	

The	first	policy	rule	we	study	relates	taxation	to	the	view	about	fiscal	sustainability	that	pre-
vails	at	different	time	points.	Heuristically,	we	assume	that	each	time	the	demographic	fore-
cast	is	revised,	the	ministry	of	finance	or	some	other	fiscal	authority	publishes	its	assessment	
on	the	sustainability	of	public	finances,	in	the	form	of	sustainability	gap.	In	the	policy	rule	we	
then	tie	increases	in	the	VAT	rate	to	the	sustainability	gap.	

The	second	policy	rules	looks	at	forecasts	of	public	debt	that	are	updated	each	time	a	new	pop-
ulation	forecast	is	made.	An	increase	in	the	VAT	rate	is	triggered	by	a	high	forecasted	level	of	
the	debt/GDP	ratio.	The	third	policy	rule	is	a	combination	of	the	first	two	rules.

The	sustainability	gap	is	the	difference	between	a	hypothetical	constant	tax	rate	and	the	initial	
tax	rate.	The	constant	tax	rate	should	be	such	that,	if	implemented	immediately,	it	would	ex-

Figure 6 Public debt and taxes in Finland in 2060s
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actly	suffice	to	pay	the	projected	public	expenditure	and	keep	net	public	wealth	on	the	initial	
level.	We	are	thus	using	the	s2	definition	of	the	gap.

Let	Y(i,t)	and	p(i,t) denote	GDP	and	the	total	tax	rate	in	simulation	 i	 in	period	t,	V(i,t)	the	
public	debt	at	the	end	of	period	t,	and	p(t(0)) the	initial	tax	level.	The	bond	yield	r is	assumed	
to	be	constant.	The	T-period-ahead	sustainability	gap	s2,	calculated	in	period	t(0)	is	then

[1]	

	
where	D(i,t)	is	the	discount	factor

[2]	

The	 first	 part	 in	 the	 numerator	 shows	 how	 much	 future	 changes	 in	 pension	 contributions	
and	municipal	taxes	contribute	to	the	gap.	The	second	part	is	the	contribution	of	the	change	
in	public	debt.	The	desired	level	of	the	debt	here	is	such	that	the	debt/GDP	ratio	remains	the	
same.

Policy	rule	1:	if	the	expected	sustainability	gap	s2,	over	a	50-year	horizon,	exceeds	three	per-
centage	points,	then	the	VAT	rate	is	increased	permanently	by	two	percentage	points.

Policy	rule	2:	if	public	debt/GDP	is	forecasted	to	exceed	90	%	within	50	years,	then	the	VAT	
rate	is	increased	permanently	by	two	percentage	points.

Policy	rule	3:	if	the	expected	sustainability	gap,	over	a	50-year	horizon,	exceeds	three	percent-
age	points,	or	public	debt/GDP	is	forecasted	to	exceed	90	%	within	50	years,	then	the	VAT	rate	
is	increased	permanently	by	two	percentage	points.

The	2060	outcomes	of	these	policy	rules	are	in	Figure	7	below.	The	base	policy	outcomes	are	
denoted	by	small	dots,	and	other	policy	outcomes	by	circles.	The	bigger	dark	dots	are	com-
binations	of	small	dots	and	circles,	and	occur	when	the	economic	development	on	the	demo-
graphic	path	in	question	does	not	warrant	any	policy	changes	due	to	the	criteria	of	policy	rules	
1,	2	or	3.

For	comparison,	the	top-left	corner	(Fig.	7a)	presents	the	outcomes	with	a	simpler	policy:	the	
VAT	rate	is	increased	by	2	%-points	in	all	paths	in	2015.	This	unconditional	VAT	rise	seems	
like	a	good	policy	with	respect	to	expected	indebtedness,	compared	to	the	base	policy	plan.	
The	debt	 ratio	 is	much	 less	 likely	 to	 rise	over	 the	Maastricht	 limit	and	 the	Reinhart-Rogoff	
limit.	There	is	only	about	10	%	chance	of	both	taxes	and	debt	to	end	outside	the	normal	area.	
Furthermore,	the	chance	of	the	very	difficult	outcome	that	indebtedness	exceeds	90	%	and	at	
the	same	time	taxes	exceed	the	current	record	level	of	2000	has	declined	from	8,5	%	to	1	%.	

The	downside	of	the	unconditional	VAT	rise	is	that	tax	ratios	are	higher	in	all	paths.	The	VAT	
increase	could	be	considered	unnecessary	for	those	population	paths	where	the	base	outcome	
stayed	in	the	normal	tax-debt	region,	and	that	group	consists	of	over	a	third	of	all	paths.	
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The	three	conditional	policy	rules	avoid	increasing	taxes	 in	many	cases	where	the	increases	
would	later	be	deemed	unnecessary.	They	also	fail	to	increase	taxes	in	some	cases	where	in-
creases	would	be	needed	to	avoid	growing	indebtedness.	Policy	rule	2,	based	on	forecasted	in-
debtedness	in	the	base	policy,	seems	to	produce	a	reasonable	balance	between	the	two	pitfalls.

In	Table	1	the	200	simulation	outcomes	in	2060	are	divided	into	several	categories.	Normal	tax	
rates	are	those	below	the	Finnish	2000	total	tax	rate,	47,2	%	of	GDP.	High	is	any	tax	rate	above	
the	normal,	and	very	high	tax	rates	are	those	above	the	Swedish	record,	50,8	%	of	GDP,	and	
thus	are	unprecedented.	Public	gross	debt,	as	per	cent	of	GDP,	is	considered	normal	if	it	is	be-
low	the	Maastricht	treaty	level	of	60	%.	Above	that	they	are	high,	and	if	they	exceed	the	90	%	
level	they	are	classified	as	very	high.	These	limits	are	of	course	arbitrary	but	serve	a	purpose.	
The	debt	limits	are	self-evident;	60	%	is	based	on	EU	policies	and	90	%	is	based	on	an	exten-
sive	study	by	Reinhart	and	Rogoff.	Tax	rate	limits	are	more	country-specific.	The	chosen	tax	
limits	are	familiar	to	Nordic	audiences,	but	analyses	of	sustainability	in	e.g.	the	Mediterranean	
countries	should	probably	use	much	lower	limits.

Sustainability	gap	does	not	seem	to	perform	well	as	a	variable	on	which	to	condition	the	pol-
icy.	The	reason	is	that	the	base	policy	leads	to	gradually	increasing	taxes	in	most	simulations,	

Figure 7 Public debt and taxes in 2060s under different policy rules
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 7b Policy rule 1

7c Policy rule 2
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and	the	gap	diminishes	 in	time,	because	 it	 is	always	calculated	on	the	tax	rate	that	 is	actual	
at	the	time.	Thus	a	fixed	threshold	value	as	in	Policy	rule	1	may	lead	to	a	VAT	increase	in	the	
first	period,	but	if	it	does	not,	it	will	do	so	only	several	decades	in	the	future	(see	Figure	2A	in	
the	Appendix).	

The	size	of	the	triggered	VAT	increase	is	of	course	important	for	the	results.	Appendix	con-
tains	some	results	for	smaller	increases.	It	also	contains	figures	showing	the	distributions	of	
threshold	variables	that	are	used	in	the	policy	rules.

Table 1 Base policy and policy rule outcomes in 2060s 
 (share of cases in different debt-tax categories, %)
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Table 1: Base policy and policy rule outcomes in 2060s  

(share of cases in different debt-tax categories, %) 
 Base 

policy  
VAT 

increased
in all 

cases in 
2015 

VAT 
increased 
when gap 

> 3 % 

VAT 
increased 

when 
debt/GDP 
forecast to 

exceed 90 % 
within 50 

years 

VAT increased 
when either gap 

> 3 % and/or 
debt/GDP 
forecast to 

exceed 90 % 
within 50 years 

Normal debt and 
normal taxes 
 
Normal debt and 
high taxes 
 
Normal debt, total 

 

37,5 
 
 

5, 0 
 
 

42,5     

52,0 
 
 

36,0 
 
 

88,0 

39.0 
 
 

12,0 
 
 

51,0 

50,5 
 
 

11,5 
 
 

62,0 

49,5 
 
 

17,0 
 
 

66,5 

High debt and 
normal taxes 
 
High debt and high 
taxes 
 
High debt, total 
 

26,0 
 
 

21,0 
 
 

47,0 

1,0 
 
 

10,0 
 
 

11,0 

22,5 
 
 

21,5 
 
 

44,0 

8,0 
 
 

27,5 
 
 

35,5 

8,0 
 
 

24,0 
 
 

32,0 

Very high debt and 
normal taxes 
 
Very high debt and 
high taxes 
 
Very high debt, 
total 

2,0 
 
 

8,5 
 
 

10,5 
 

0,0 
 
 

1,0 
 
 

1,0 

1,5 
 
 

3,5 
 
 

5,0 

0,0 
 
 

2,5 
 
 

2,5 

0,0 
 
 

1,5 
 
 

1,5 

Normal taxes, total 
 

High taxes, total 

65,5 
 

34,5 

53,0 
 

47,0 

63,0 
 

37,0 

58,5 
 

41,5 

57,5 
 

42,5 
 
Sustainability gap does not seem to perform well as a variable on which to condition the policy. The 
reason is that the base policy leads to gradually increasing taxes in most simulations, and the gap 
diminishes in time, because it is always calculated on the tax rate that is actual at the time. Thus a 
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fixed threshold value as in Policy rule 1 may lead to a VAT increase in the first period, but if it does 
not, it will do so only several decades in the future (see Figure 2A in the Appendix).  
 
The size of the triggered VAT increase is of course important for the results. Appendix contains 
some results for smaller increases. It also contains figures showing the distributions of threshold 
variables that are used in the policy rules. 

On the length of the forecast horizon in forecast-based policy rules 
 
Table 2: Forecast-based policy rule outcomes in 2060s with different forecast horizons 

(share of cases in different debt-tax categories, %) 
 Base 

policy  
VAT 

increased 
when 

debt/GDP 
observed 
to exceed 

60 %  

VAT 
increased 

when 
debt/GDP 
forecast to 
exceed 60 
% within 
5 years 

VAT 
increased 

when 
debt/GDP 
forecast to 

exceed 60 % 
within 10 

years 

VAT 
increased 

when 
debt/GDP 
forecast to 

exceed 60 % 
within 20 

years 

VAT 
increased 

when 
debt/GDP 
forecast to 

exceed 60 % 
within 50 

years 
Normal debt and 
normal taxes 
 
Normal debt and 
high taxes 
 
Normal debt, 
total 

 

37,5 
 
 

5, 0 
 
 

42,5    

48,0 
 
 

18,0 
 
 

66,0 

51,5 
 
 

22,5 
 
 

74,0 

54,0 
 
 

25,0 
 
 

79,0 

54,5 
 
 

31,0 
 
 

85,5 

53,0 
 
 

34,0 
 
 

87,0 

High debt and 
normal taxes 
 
High debt and 
high taxes 
 
High debt, total 
 

26,0 
 
 

21,0 
 
 

47,0 

9,0 
 
 

22,5 
 
 

31,5 

5,0 
 
 

19,5 
 
 

24,5 

2,0 
 
 

17,5 
 
 

19,5 

1,5 
 
 

11,5 
 
 

13,0 

1,0 
 
 

11,0 
 
 

12,0 

Very high debt 
and normal taxes 
 
Very high debt 
and high taxes 
 
Very high debt, 
total 

2,0 
 
 

8,5 
 
 

10,5 
 

0,0 
 
 

2,5 
 
 

2,5 

0,0 
 
 

1,5 
 
 

1,5 

0,0 
 
 

1,5 
 
 

1,5 

0,0 
 
 

1,5 
 
 

1,5 

0,0 
 
 

1,0 
 
 

1,0 

Normal taxes, 
total 

 
High taxes, total 

65,5 
 

34,5 

57,0 
 

43,0 

56,5 
 

43,5 

56,0 
 

44,0 

56,0 
 

44,0 

54,0 
 

46,0 

 

5.2 On the length of the forecast horizon in forecast-based policy rules

We	should	note	that	reacting	to	debt	development	certainly	improves	the	situation,	no	matter	
what	the	horizon	is.	But	just	looking	at	forecasts	5	years	ahead,	compared	to	reacting	to	ob-
served	debt,	markedly	improves	the	chances	to	stay	below	the	Maastricht	limit.	Roughly,	the	
chances	improve	from	two	thirds	to	three	quarters.	Relying	on	even	longer	forecasts	improves	
the	chances,	but	after	20	years	the	improvement	slows	down.	

Since	the	debt	and	tax	limits	in	the	tables	above	are	somewhat	arbitrary,	we	also	look	at	the	en-
tire	distributions	of	outcomes	in	2060s	under	different	forecast	horizons,	in	Figure	8.

Table 2 Forecast-based policy rule outcomes in 2060s with different forecast horizons
 (share of cases in different debt-tax categories, %)
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Figure 8 Predictive distribution of public debt/GDP ratio in 2060s when VAT increases  
 are conditioned on forecasted debt/GDP ratios with forecast horizons from 
 0 to 50 years
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We	notice	that	the	upmost	decile	 limit	declines	up	to	forecast	horizon	of	20	years	and	stays	
roughly	constant	thereafter.	The	upper	quartile	and	the	median	decline	longer,	but	the	rate	of	
decline	slows	down	after	the	35	year	horizon.	The	lower	quartile	and	the	lowest	decile	limits	
decline	up	to	forecast	horizon	of	30	years.	

Although	the	effect	of	the	forecast	horizon	in	the	policy	rule	varies	with	the	exact	statistic	one	
looks	at,	in	all	cases	improvement	occurs	up	till	20	years.	Using	the	20-year	horizon,	the	im-
provement	in	the	debt	outlook	in	2060s	is	huge,	as	Figure	9	shows.	The	expected	debt/GDP	

Figure 9 Frequency distribution of public debt, as % of GDP, in the 2060s
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ratio,	marked	with	a	circle,	falls	from	the	baseline’s	65	%	to	about	45	%	if	the	VAT	increase	is	
conditioned	on	forecasts	with	20-year	horizon.	The	likelihood	of	debt	ratios	over	60	%	has	re-
duced	dramatically.	

At	the	same	time,	the	likelihood	of	high	tax	rates	has	not	risen	very	much.	The	expected	tax	
ratio	in	2060s	has	risen	from	46,9	%	to	47,2	%.	The	crucial	thing	is	the	timing	of	the	tax	in-
crease:	if	demographics	turn	out	to	require	higher	taxes,	to	prevent	excess	indebtedness,	it	is	
best	to	make	the	tax	increase	as	early	as	possible.

6 Tax policy effects on future sustainability outlook
	
We	may	also	 look	at	 tax	 levels	 that	are	predicted	 to	be	sustainable	at	different	 times.	These	
consist	of	two	parts,	the	actual	tax	level	and	the	sustainability	gap.	We	think	it	is	important	to	
look	at	these	sustainable	tax	levels	especially	at	the	end	of	the	50-year	period	that	we	have	used	
in	our	analysis	thus	far.	It	reminds	us	that	the	far	future	should	not	go	unnoticed	in	sustaina-
bility	analysis,	even	though	it	is	difficult	to	attach	numbers	to	it.	50	years	is	too	short	a	period	
to	get	a	wider	generational	view	of	the	sustainability	issues	in	an	ageing	society.

Sustainable	tax	levels	that	are	predicted	in	2060	also	reflect	and	summarize	the	policies	that	
have	been	carried	out	before	2060.	Intuitively	 it	 is	clear	 that	a	better	starting	point	 in	2060,	
such	as	one	with	a	lower	debt,	yields	a	lower	sustainable	tax	level,	if	the	expected	future	is	es-
sentially	 the	same.	 If	 the	 lower	debt	 is	 the	result	of	an	earlier	 tax	 increase,	 then	 the	 issue	 is	
whether	the	economic	development	is	affected	by	this	tax	increase	so	much	that	it	is	not	the	
same	or	even	close	in	the	forecasts,	although	the	demographic	forecast	is	the	same.	This	is	the	
Laffer	issue,	and	our	model	seems	to	operate	on	the	rising	part	of	the	Laffer	curve.	

Thus	the	simulated	outcomes	for	2060	in	the	debt-tax	space	have	the	structure	of	Figure	11:	
The	base	outcome	(1)	has	a	higher	debt	and	lower	tax	rate	than	the	outcome	with	a	higher	VAT	

Figure 10 Frequency distribution of total taxes, as % of GDP, in the 2060s
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Figure 11 Schematic structure of tax rates, sustainable tax rates and public debt
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Figure 12 Sustainability outlook in 2060
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12c. Effects of policy rule 2
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Table 3 Sustainability outlook in 2060 with different policies 
 (share of cases, %)
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Table 3: Sustainability outlook in 2060 with different policies (share of cases, %) 
Base 

policy  
VAT 

increased 
in all 

cases in 
2015 

VAT 
increased 
when gap 

> 3 % 

VAT 
increased 

when 
debt/GDP 
forecast to 

exceed 90 % 
within 50 years 

VAT increased 
when either gap > 

3 % and/or 
debt/GDP 

forecast to exceed 
90 % within 50 

years 
Normal debt and normal 
sustainable taxes 
 
Normal debt and high 
sustainable taxes  
 
Normal debt and very 
high sustainable taxes 
 
Normal debt, total 

 

3,5 
 
 

36,0 
 
 

3,0 
 
 

42,5 

20,5 
 
 

62,5 
 
 

5,0 
 
 

88,0 

4,5 
 
 

43,5 
 
 

3,0 
 
 

51,0 

12,0 
 
 

45,5 
 
 

4,5 
 
 

62,0 

12,0 
 
 

50,5 
 
 

4,0 
 
 

66,5 

High debt and normal 
sustainable taxes 
 
High debt and high 
sustainable taxes  
 
High debt and very high 
sustainable taxes 
 
High debt, total 
 

9,5 
 
 

35,0 
 
 

2,5 
 
 

47,0 

2,0 
 
 

7,0 
 
 

2,0 
 
 

11,0 

9,5 
 
 

31,0 
 
 

3,5 
 
 

44,0 

5,5 
 
 

28,0 
 
 

2,0 
 
 

35,5 

5,5 
 
 

24,0 
 
 

2,5 
 
 

32,0 

Very high debt and 
normal sustainable taxes 
 
Very high debt and high 
sustainable taxes  
 
Very high debt and very 
high taxes 
 
Very high debt, total 
 

1,0 
 
 

7,5 
 
 

2,0 
 
 

10,5 

0,0 
 
 

1,0 
 
 

0,0 
 
 

1,0 

0,5 
 
 

4,0 
 
 

0,5 
 
 

5,0 

0,0 
 
 

1,5 
 
 

1,0 
 
 

2,5 

0,0 
 
 

1,0 
 
 

0,5 
 
 

1,5 

Normal sustainable 
taxes, total 

 
High sustainable taxes, 
total 
 
Very high sustainable 
taxes, total 

14,0 
 
 

78,5 
 
 

7,5 

22,5 
 
 

70,5 
 
 

7,0 

14,5 
 
 

78,5 
 
 

7,0 

17,5 
 
 

75,0 
 
 

7,5 

17,5 
 
 

75,5 
 
 

7,0 
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rate	(2).	The	sustainable	tax	in	the	base	case	(3)	is	typically	higher	than	the	actual	tax	rate	(but	
not	always),	reflecting	the	 fact	 that	population	ageing	will	continue	after	2060	 in	most	pro-
jections.	The	sustainable	tax	rate	of	the	increased	VAT	case	(4)	is	in	our	analysis	always	lower	
than	that	in	the	base	case,	because	increased	tax	revenues	have	already	cumulated	into	a	low-
er	public	debt4.

The	sustainability	outlook	in	2060	is	usually	worse	than	the	projected	 ‘actual’	debt-tax	situ-
ation	in	2060.	Even	though	there	is	over	a	one-third	chance	in	staying	in	the	normal	area	in	
actual	outcomes	of	the	base	policy,	the	sustainability	outlook	will	stay	there	only	with	a	very	
small	probability	(Table	3).	On	the	other	end,	sustainable	tax	rates	exceed	the	Swedish	record	
level	in	7,5	%	of	the	cases.

The	policy	rules	have	all	improved	the	sustainability	outlook.	Most	of	this	improvement	is	vis-
ible	in	debt	ratios,	but	due	to	the	feature	described	in	Figure	5,	sustainable	tax	rates	are	always	
lower	if	the	threshold	of	the	policy	rule	has	been	met	and	an	increase	in	VAT	triggered.

7 Conclusions
	
Analysing	fiscal	sustainability	and	calculating	sustainability	gaps	relies	heavily	on	demograph-
ic	projections.	These	projections	are	changed	at	regular	or	irregular	intervals.	These	changes	
are	not	always	minor	–	in	fact	they	are	often	large.	In	this	paper	we	have	analysed	what	im-
plications	these	inevitable	changes	have	for	sustainability	analysis	and	for	policy	conclusions.	

We	have	 focused	on	 the	 fiscal	pressures	 that	 financing	pensions,	health	and	 long-term	care	
(LTC)	expenditure	will	bring	about	in	ageing	Finland.	We	ask	whether	the	system	where	pen-
sions	are	financed	by	contributions	and	health	and	LTC	by	municipal	taxes	and	state	aid	is	sus-
tainable	in	the	specific	sense	that	citizens	can	rely	on	receiving	the	services	in	the	future.	As	
the	future	is	inevitably	uncertain,	no	definite	answer	can	be	given.	We	can,	however,	quantify	
some	uncertainties	and	illustrate	and	evaluate	their	effects.	We	can	form	a	probabilistic	view	
of	 the	 public	 debt	 and	 taxation	 developments	 that	 financing	 pensions,	 health	 and	 LTC	 will	
cause.	This	view	then	serves	as	a	basis	for	our	evaluation	of	the	sustainability	of	the	system,	or,	
phrased	differently,	of	the	credibility	of	the	promise	concerning	publicly	financed	pension	and	
health	and	LTC	services	in	the	future.

We	chose	the	time	span	so	that	it	should	suffice	for	those	who	are	about	to	leave	the	labor	mar-
ket.	If	one	is	50,	then	the	horizon	should	be	at	least	50	years,	for	living	up	to	100	years	will	not	
be	rare.	If	a	50-year	old	does	not	think	that	promises	concerning	future	welfare	services	are	
fully	credible,	she	or	he	still	has	10–20	years	to	take	individual	precautionary	measures	while	
being	part	of	the	labor	force.

7.1 General assessment of sustainability
	
Even	with	our	assumptions	of	future	health	and	LTC	demand,	which	are	low	compared	to	those	
used	in	other	fiscal	projections	made	for	Finland,	difficulties	in	sustainability	loom	large.	

4 In fact, assuming that the GDP path is not affected at all by the tax increase, the decline in the sustainable tax level could be 
derived from equation (1).
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In	our	baseline	policy,	municipal	taxes	adjust	to	health	and	LTC	expenditures	and	changes	in	
the	tax	base,	and	pension	contributions	adjust	to	pension	outlays.	In	an	ageing	society,	it	is	the	
nature	of	this	baseline	policy	that	taxes	will	increase.	The	total	tax/GDP	ratio	has	about	one-
third	chance	of	exceeding	the	highest	value	thus	far	in	Finland,	47,2	%	in	2000.	In	all	simula-
tions	the	tax	rate	stays	below	that	in	Sweden	in	2000,	51,8	%	of	GDP,	which	is	the	highest	rate	
recorded	in	EU’s	tax	statistics.

Despite	growing	tax	rates,	indebtedness	is	also	likely	to	increase.	The	debt	ratio	is	likely	to	rise	
over	the	Maastricht	limit,	and	with	a	10	%	probability	over	the	90	%	level	that	Reinhart	and	
Rogoff	(2010)	consider	harmful	for	economic	growth.

Whether	 this	policy	 line	would	be	sustainable	or	not,	 is	a	matter	of	opinion.	Some	may	find	
most	of	the	outcomes	generally	plausible,	others	not.	But	as	future	pensioners	and	users	of	these	
welfare	services	we	are	not	satisfied	with	the	outlook.	The	possibility	of	problems	is	too	high.	
There	 is	about	30	%	chance	of	 taxes	becoming	higher	than	ever	before	 in	Finland	and	at	 the	
same	time	debt	exceeding	the	Maastricht	criterion.	Furthermore,	there	is	an	8,5	%	chance	for	
the	very	difficult	outcome	that	tax	rates	are	higher	than	in	2000	and	indebtedness	exceeds	90	%.	
We	think	that,	with	the	baseline	policy,	the	likelihood	of	cuts	in	welfare	transfers	and	services	
in	the	future	is	too	high,	if	these	cuts	will	come	as	surprises	and	leave	citizens	little	time	to	pre-
pare	for	them	in	advance.	Thus	some	policy	amendments	or	alternatives	should	be	considered.	

7.2 Policy lessons
	
Can	 the	welfare	 state	do	better?	Yes.	Although	 the	magnitudes	of	ageing	are	uncertain,	and	
forecast	errors	probably	large,	ageing	policies	can	and	must	respond	in	advance.	Uncertainty	
should	not	imply	inaction.	Inaction	is	a	policy	choice,	and	here	a	rather	poor	one.	Our	simu-
lations	show	that	forecasts	contain	information	and	can	be	used	in	policy	design.

We	first	study	alternatives	where	the	state	reacts	to	the	sustainability	gap.	The	action	is	a	per-
manent	 increase	 in	 the	 VAT	 rate.	 Secondly,	 we	 study	 policies	 where	 the	 VAT	 rise	 is	 condi-
tioned	on	the	actual	or	forecasted	public	debt	development	instead	of	the	sustainability	gap.	
These	latter	policies	turn	out	to	be	more	effective	in	preventing	excess	indebtedness.	Sustain-
ability	gap	does	not	seem	to	perform	well	as	a	variable	on	which	to	condition	the	policy.	The	
reason	is	that	the	base	policy	in	our	study	leads	to	gradually	increasing	taxes	in	most	simula-
tions,	and	the	sustainability	gap	diminishes	in	time,	because	it	is	always	calculated	on	the	tax	
rate	that	is	actual	at	the	time.	Thus	a	policy	based	on	a	fixed	threshold	value	of	the	sustaina-
bility	gap	may	lead	to	a	VAT	increase	in	the	first	period,	but	if	it	doesn’t,	it	will	do	so	only	af-
ter	some	decades.

Our	 simulations	 indicated	 that	 high	 indebtedness	 became	 less	 likely	 if	 the	 VAT	 policy	 was	
conditioned	on	forecasted	debt	development	instead	of	observed.	Although	the	effect	of	the	
forecast	horizon	in	the	policy	rule	varies	with	the	exact	statistic	one	looks	at,	in	all	cases	im-
provement	occurs	up	 till	 20	years.	Using	 the	20-year	horizon,	 the	 improvement	of	 the	debt	
outlook	in	2060s	is	huge.	The	expected	debt/GDP	ratio	falls	to	about	45	%	from	the	baseline	
value	of	65	%.	At	the	same	time,	the	likelihood	of	high	tax	rates	does	not	rise	very	much.	The	
expected	tax	ratio	in	2060s	has	risen	from	46,9	%	to	47,2	%.	The	crucial	thing	is	the	timing	of	
the	tax	increase:	if	demographics	turn	out	to	require	higher	taxes,	to	prevent	excess	indebted-
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ness,	it	is	best	to	make	the	tax	increase	as	early	as	possible.	On	the	other	hand,	demographics	
may	also	turn	out	to	be	more	positive	than	expected,	which	weakens	the	case	of	any	uncondi-
tional	initial	tax	increase.	

A	more	general	policy	lesson	is	that	there	should	be	a	plan	for	worse	than	expected	future	de-
velopments.	Actions	can	include	postponed	conditional	measures.	They	should	form	a	coher-
ent	program,	with	well-defined	thresholds.	They	should	also	be	credible;	a	requirement	that	
may	be	difficult	to	operationalize,	but	as	long	as	the	situation	is	good	or	looks	good,	relying	on	
future	actions	may	be	a	viable	option.

There	is	not	much	point	in	arguing	about	the	exact	size	of	the	sustainability	gap.	The	question	
is	whether	the	policy	currently	on	books	is	sustainable	in	the	foreseeable	future	with	a	reason-
able	probability.	Relying	on	expected	developments,	with	a	50	%	probability,	is	not	reasonable.	
Certainty	is	not	achievable,	but	the	risk	can	be	reduced.

The	policy	rule	analysis	could	have	been	used	to	derive	also	the	welfare	effects	of	different	pol-
icy	choices	in	addressing	sustainability	problems.	This	could	be	especially	useful	when	con-
sidering	postponing	decisions.	Their	costs,	and	whom	they	occur	to,	can	be	illustrated,	thus	
avoiding	one	of	the	critical	faults	in	using	unsustainable	paths	described	in	Leeper	(2010).	We	
consider	such	work	a	necessary	ingredient	in	future	analysis.

7.3 Methodological lessons
	
We	have	amended	 stochastic	population	projections	with	embedded	and	gradually	updated	
demographic	forecasts.	At	each	time-point	on	each	population	path	considered	there	is	also	a	
simulated	demographic	forecast	for	the	future.	The	agents	in	the	economic	model	make	their	
future	plans	based	on	this	demographic	 forecast	 that	prevails	 there	and	then.	A	new	demo-
graphic	forecast	is	made	when	the	economy	moves	to	the	next	period,	and	agents	update	their	
plans.	Technically	the	tree-like	combination	of	stochastic	population	projections	with	embed-
ded	demographic	 forecasts	 is	obtained	by	 joint	use	of	computer	programs	FPATH	and	PEP.	
The	ranges	of	forecast	revisions	seem	quite	relevant,	when	compared	to	the	adjustments	in	de-
mographic	forecasts	by	Statistics	Finland	between	2002	and	2009.

Using	periodically	updated	population	projections	as	an	input	in	a	forward-looking	economic	
model	produces	results	that,	we	think,	have	strong	links	to	decisions	that	are	considered	or	ac-
tually	made	in	the	real	world.	Each	update	in	the	official	population	projections	changes	our	
conception	of	the	future.	All	public	policies	and	private	behaviour	contingent	to	the	concep-
tion	of	the	future	are	subject	to	change.

Introducing	forecasts	embedded	in	stochastic	population	projections	allows	us	to	analyze	pol-
icies	that	are	based	on	forecasts.	There	is	an	obvious	way	forward	here.	Analyze	all	relevant	
policy	rules,	and	compare	results.	This	is	very	tedious,	and	difficult.	There	are	many	parame-
ters	that	could	be	changed	and	should	be	analyzed.	In	our	rather	simple	policy	rules	such	pa-
rameters	are	the	threshold	values	and	length	of	the	period	they	are	calculated	from,	and	other	
specifications	related	to	them.	The	size	of	the	triggered	policy	measures	should	also	be	stud-
ied.	For	pedagogical	purposes,	rough	examples	may	suffice.	For	quantitative	policy	guidelines,	
much	more	work	is	needed.	
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This	type	of	analysis	produces	a	vast	amount	of	simulation	results	–	so	vast	that	choosing	what	
to	present	is	an	essential	part	of	any	study.	The	economic	model	output	consists	of	stylized	na-
tional	accounts	for	each	period,	added	by	household	behavior	by	5-year	birth	cohorts,	three	
educational	groups	and	a	maximum	age	of	100	years.	50	years	with	a	5-year	unit	period	and	a	
50-year	horizon	of	forecasts	means	that	the	baseline	consists	of	100	national	accounts	for	each	
of	the	200	population	paths	used,	in	total	20 000	national	accounts.
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Appendix: Policy rule effects with a one per cent VAT increase 
 
Table A1: Public debt and taxes in 2060 with one-percent VAT increases 

 Base 
policy  

VAT 
increased

in all 
cases in 

2015 

VAT 
increased 
when gap 

> 3 % 

VAT 
increased 

when 
debt/GDP 
forecast to 

exceed 90 % 
within 50 

years 

VAT increased 
when either gap 

> 3 % and/or 
debt/GDP 
forecast to 

exceed 90 % 
within 50 years 

Normal debt and 
normal taxes 
 
Normal debt and 
high taxes 
 
Normal debt, total 

 

37,5 
 
 

5, 0 
 
 

42,5     

49,0 
 
 

22,5 
 
 

71,5 

38,5 
 
 

8,0 
 
 

46,5 

45,0 
 
 

6,5 
 
 

51,5 

45,0 
 
 

9,0 
 
 

54,0 

High debt and 
normal taxes 
 
High debt and high 
taxes 
 
High debt, total 
 

26,0 
 
 

21,0 
 
 

47,0 

8,0 
 
 

17,0 
 
 

25,0 

24,0 
 
 

23,0 
 
 

47,0 

17,0 
 
 

27,0 
 
 

44,0 

16,5 
 
 

25,5 
 
 

42,0 

Very high debt and 
normal taxes 
 
Very high debt and 
high taxes 
 
Very high debt, 
total 

2,0 
 
 

8,5 
 
 

10,5 
 

0,0 
 
 

3,5 
 
 

3,5 

1,5 
 
 

5,0 
 
 

6,5 

0,0 
 
 

4,5 
 
 

4,5 

0,0 
 
 

4,0 
 
 

4,0 

Normal taxes, total 
 

High taxes, total 

65,5 
 

34,5 

57,0 
 

43,0 

64,0 
 

36,0 

62,0 
 

38,0 

61,5 
 

38,5 
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Table A2: Sustainability outlook in 2060 (1 %-point VAT increases) 
Base 

policy  
VAT 

increased 
in all 

cases in 
2015 

VAT 
increased 
when gap 

> 3 % 

VAT 
increased 

when 
debt/GDP 
forecast to 

exceed 90 % 
within 50 

years 

VAT increased 
when either gap 

> 3 % and/or 
debt/GDP 
forecast to 

exceed 90 % 
within 50 years 

Normal debt and normal 
sustainable taxes 
 
Normal debt and high 
sustainable taxes  
 
Normal debt and very 
high sustainable taxes 
 
Normal debt, total 

 

3,5 
 
 

36,0 
 
 

3,0 
 
 

42,5 

13,0 
 
 

54,5 
 
 

4,0 
 
 

71,5 

3,5 
 
 

39,5 
 
 

3,5 
 
 

46,5 

7,5 
 
 

41,0 
 
 

3,0 
 
 

51,5 

7,5 
 
 

43,0 
 
 

3,5 
 
 

54,0 

High debt and normal 
sustainable taxes 
 
High debt and high 
sustainable taxes  
 
High debt and very high 
sustainable taxes 
 
High debt, total 
 

9,5 
 
 

35,0 
 
 

2,5 
 
 

47,0 

5,0 
 
 

18,0 
 
 

2,0 
 
 

25,0 

10,5 
 
 

33,5 
 
 

3,0 
 
 

47,0 

8,5 
 
 

32,0 
 
 

3,5 
 
 

44,0 

8,5 
 
 

30,5 
 
 

3,0 
 
 

42,0 

Very high debt and 
normal sustainable taxes 
 
Very high debt and high 
sustainable taxes  
 
Very high debt and very 
high taxes 
 
Very high debt, total 
 

1,0 
 
 

7,5 
 
 

2,0 
 
 

10,5 

0,0 
 
 

2,5 
 
 

1,0 
 
 

3,5 

0,5 
 
 

5,0 
 
 

1,0 
 
 

6,5 

0,0 
 
 

3,5 
 
 

1,0 
 
 

4,5 

0,0 
 
 

3,0 
 
 

1,0 
 
 

4,0 

Normal sustainable 
taxes, total 

 
High sustainable taxes, 
total 
 
Very high sustainable 
taxes, total 

14,0 
 
 

78,5 
 
 

7,5 

18,0 
 
 

75,0 
 
 

7,0 

14,5 
 
 

78,0 
 
 

7,5 

16,0 
 
 

76,5 
 
 

7,5 

16,0 
 
 

76,5 
 
 

7,5 

Table A2 Sustainability outlook in 2060 
 (1 %-point VAT increases)
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Figure A1 Predictive distribution of sustainability gaps 
 (Horizontal axis shows the year the gap is evaluated)

Figure A2 Predictive distribution of highest forecasted debt/GDP-ratio within 50 years 
 (Horizontal axis shows the year the forecast is made)

2010 2020 2030 2040 2050 2060
-1

0

1

2

3

-1

0

1

2

3

%%

 

50 % predictive interval Median
10 % 90 %

ETLA 3.8.2011 

2010 2020 2030 2040 2050 2060
0

50

100

150

0

50

100

150

%%

 

50 % predictive interval
Median
10 %
90 %

ETLA 3.8.2011 



ETLA Keskusteluaiheita – Discussion Papers No 126530

References
 
Anderson, M – Tuljapurkar, S – Li, N (2001) How Accurate Are Demographic Projections Used in Fore-
casting Pension Expenditure? Pensions: More Information, Less Ideology, Assessing the Long-Term Sus-
tainability of European Pension Systems: Data Requirements, Analysis and Evaluations. Springer. 

Alho, J M (2011) Forecasting demographic forecasts. ETLA, manuscript.

Alho, J M – Cruijsen H – Keilman, N (2008) Empirically-based specification of forecast uncertainty. In 
Uncertain Demographics and Fiscal Sustainability. Ed. by Alho, J M et al. Cambridge University Press.

Alho, J M  – Jensen, S E H – Lassila, J (eds.) (2008) Uncertain Demographics and Fiscal Sustainability. 
Cambridge University Press.

Alho, J M – Jensen, S E H – Lassila, J – Lazutka, R – Morkūnienė, A – Valkonen, T (2002) The Economic Ef-
fects of Population Ageing and Demographic Uncertainty in Lithuania. Research Report P98-1023-R 
of the European Union’s Phare ACE Program.

Alho, J M – Jensen, S E H – Lassila, J – Valkonen, T (2005) Controlling the Effects of Demographic Risks: 
The Role of Pension Indexation Schemes. The Journal of Pension Economics and Finance, 4(2), 139–
153.

Alho, J M – Lassila, J – Valkonen, T (2005) Demographic Uncertainty and the Evaluation of Sustaina-
bility of Pension Systems. Pension Reform: Issues and Prospects for Non-Financial Defined Contribution 
(NDC) Schemes. Ed. by Holzmann, R and Palmer, E. The World Bank, 2005

Alho, J M – Spencer, B D (2005) Statistical Demography and Forecasting. New York: Springer.

Alho, J M – Vanne, R (2006) On Predictive Distributions of Public Net Liabilities. International Journal 
of Forecasting, 22(4), 725–733.

Auerbach, A J – Kotlikoff, L J (1987) Dynamic Fiscal Policy. Cambridge: Cambridge University Press.

Auerbach, A J – Lee, R D (2006) Notional Defined Contribution Pension Systems in a Stochastic Con-
text: Design and Stability. NBER Working Papers No. 12805.

Blanchard, O J (1985) Debt, Deficits, and Finite Horizons. The Journal of Political Economy, 93(2), 223–
247.

Boards of Trustees (2003) Annual Report of the Boards of Trustees of the Federal Hospital Insurance 
Trust and Federal Supplementary Medical Insurance Trust Funds. Available at http://cms.hhs.gov/
publications/trusteesreport/2003/tr.pdf

Buiter, W H (1985) A Guide to Public Sector Debt and Deficits. Economic Policy, 1, 13–79.

Burdick, C – Manchester, J (2003) Stochastic Models of the Social Security Trust Funds. Office of Policy, 
Office of Research, Evaluation, and Statistics Research and Statistics Note No. 2003–01, March 2003. 

Creedy, J – Scopie, G M (2002) Population Ageing and Social Expenditure in New Zealand: Stochastic 
Projections. New Zealand Treasury Working Paper 02/28. Wellington. 

CBO (2001) Uncertainty in Social Security’s Long-Term Finances: A Stochastic Analysis. Congression-
al Budget Office, Technical Report, December 2001. Available at www.cbo.gov.



31Fiscal Sustainability and Policy Rules under Changing Demographic Forecasts

Duyck, J – Lambrecht, M – Paul, J-M (2005) The budgetary cost of ageing in a stochastic demographic 
framework”. Mimeo, Federal Planning Bureau. 

EPC (2006) The Long-term Sustainability of Public Finance in the European Union. European Econo-
my, No. 4/2006.

EPC (2009) Sustainability Report 2009, EUROPEAN ECONOMY 9/2009.

European Commission (2011) Public finances in EMU – 2011, European Economy 3/2011.

Heller, P S (2003) Who Will Pay? Coping with Aging Societies, Climate Change, and Other Long-Term 
Fiscal Challenges. International Monetary Fund.

Holmer, M R (2003) Methods for Stochastic Trust Fund Projection. Report prepared for the Social Secu-
rity Administration. Available at www.polsim.com/stochsim.pdf.

Keilman, N (2005) The Impact of Demographic Uncertainty on Liabilities for Public Old Age Pensions 
in Norway. Special Issue, New Zealand Population Review, 31(1), 35–50.

Keilman, N (2008) European demographic forecasts have not become more accurate during the past 
25 years. Population and Development Review 34(1)2008, 137–153.

Lassila, J – Valkonen, T (2004) Pre-funding Expenditure on Health and Long-term Care under Demo-
graphic Uncertainty Geneva Papers on Risk and Insurance, 29(4), 620–639.

Lassila, J – Valkonen, T (2005) Demographic Uncertainty and Fiscal Sustainability in Finland. Mimeo, 
ETLA.

Lassila, J – Valkonen, T (2007b) The Finnish Pension Reform of 2005. Geneva Papers on Risk and Insur-
ance – Issues and Practice, 32, 75–94.

Lassila, J – Valkonen, T (2008a) Demographic uncertainty and pension projections. Uncertain Demo-
graphics and Fiscal Sustainability. Ed. by Alho, J M et al. Cambridge University Press.

Lassila, J – Valkonen, T (2008b) Fiscal sustainability in Finland: a stochastic analysis. Bank of Finland 
Research Discussion papers 28/2008.

Lassila, J, – Valkonen, T – Alho, J M (2011) Assessing the sustainability of health and long-term care fi-
nancing and the usefulness of policy guidelines based on demographic forecasts. In Honkatukia, J. 
(ed.): Three takes on sustainability. Government Institute for Economic Research, Helsinki 2011.

Lee, R D – Tuljapurkar, S (1998) Uncertain Demographic Futures and Social Security Finances. Ameri-
can Economic Review, 88, 237–41.

Lee, R D – Tuljapurkar, S (2001) Population Forecasting for Fiscal Planning: Issues and Innovations. 
Demographic Change and Fiscal Policy. Ed. by Auerbach, A J and Lee, R D. Cambridge University Press.

Lee, R D – Miller, T (2001) An approach to forecasting health expenditures, with application to the 
U.S. Medicare system, Health Services Research 37(5), 1365–1386.  

Lee, R D – Anderson, M W – Tuljapurkar, S (2003) Stochastic Forecasts of the Social Security Trust 
Fund. Report prepared for the Social Security Administration. January. Available at http://simsoc.demog.
berkeley.edu/Reports/LAT_SSA_Mar2003.pdf.



ETLA Keskusteluaiheita – Discussion Papers No 126532

Leeper, Eric M. (2010): Monetary Science, Fiscal Alchemy. Paper prepared for the Federal Reserve Bank 
of Kansas City’s Jackson Hole Symposium, “Macroeconomic Policy: Post-Crisis and Risks Ahead,” August 
26–28, 2010.

Mendoza, E – Oviedo, P M (2004) Public Debt, Fiscal Solvency and Macroeconomic Uncertainty in Lat-
in America: The Cases of Brazil, Colombia, Costa Rica, and Mexico. NBER Working Paper No. 10637. 

Reinhart, C – Rogoff, K (2010) Growth in a Time of Debt. CEPR Discussion Paper, 7661.

Sefton, J – Weale, M (2005) Fiscal Implications of Demographic Uncertainty for the United Kingdom. 
NIESR Discussion Paper No. 250.

Törnqvist, L (1949) Näkökohdat, jotka ovat määränneet primääristen prognoosiolettamusten valin-
nan (in Finnish). Suomen väestöä, sen uusiutumista ja tulevaa kehitystä koskevia laskelmia. Ed. by Hyp-
pölä, J A et al. Statistics Finland, Helsinki.

Ulla, P (2006) Assessing Fiscal Risks through Long-term Budget Projections. OECD Journal on Budget-
ing, 6(1), 130–191.



33Fiscal Sustainability and Policy Rules under Changing Demographic Forecasts



ETLA Keskusteluaiheita – Discussion Papers No 126534

ETLA
Elinkeinoelämän Tutkimuslaitos
The Research Institute of the Finnish Economy
Lönnrotinkatu 4 B
00120 Helsinki

ISSN 0781–6847

Puh. 09-609 900
Fax  09-601 753

www.etla.fi
etunimi.sukunimi@etla.fi

Aikaisemmin ilmestynyt ETLAn Keskusteluaiheita-sarjassa    
Previously published in the ETLA Discussion Papers Series

No 1248 Rita Asplund – Sami Napari, Intangible Capital and Wages. An Analysis of Wage Gaps Across Occupations
 and Genders in Czech Republic, Finland and Norway. 11.04.2011. 18 p.

No 1249 Mari Kangasniemi – Antti Kauhanen, Performance-related Pay and Gender Wage Differences.
 21.04.2011. 19 p.

No 1250 Ye Zhang, Wireless Acquisition of Process Data. 24.05.2011. 52 p.

No 1251 Rita Asplund – Erling Barth – Per Lundborg – Kjersti Misje Nilsen, Challenges of Nordic Labour Markets: 
 A Polarization of Working Life? 08.06.2011. 21 p.

No 1252 Jari Hyvärinen, Innovaatiotoiminta: Näkemyksiä ympäristö- ja energia-alaan. 1.6.2011. 39 s.

No 1253 Ari Hyytinen – Mika Maliranta, Firm Lifecycles and External Restructuring. 17.06.2011. 34 p.

No 1254 Timo Seppälä – Olli Martikainen, Europe Lagging Behind in ICT Evolution: Patenting Trends of
 Leading ICT Companies. 22.06.2011. 18 p.

No 1255 Paavo Suni – Pekka Ylä-Anttila, Kilpailukyky ja globaalin toimintaympäristön muutos. Suomen 
 koneteollisuus maailmantaloudessa. 19.08.2011. 39 s.

No 1256 Jari Hyvärinen, Innovaatiotoiminta: Näkemyksiä hyvinvointialaan ja työelämän kehittämiseen.
 31.8.2011. 28 s.

No 1257 Terttu Luukkonen – Matthias Deschryvere – Fabio Bertoni – Tuomo Nikulainen, Importance of the 
 Non-financial Value Added of Government and Independent Venture Capitalists. 2.9.2011. 28 p.

No 1258 Ari Hyytinen – Mika Pajarinen – Pekka Ylä-Anttila, Finpron vaikuttavuus – Finpron palveluiden käytön
 vaikutukset yritysten kansainvälistymiseen ja menestymiseen. 15.9.2011. 32 p.

No 1259 Kari E.O. Alho, How to Restore Sustainability of the Euro? 19.9.2011. 27 p.

No 1260 Heli Koski, Does Marginal Cost Pricing of Public Sector Information Spur Firm Growth? 28.9.2011. 15 p.

No 1261 Valeriy Naumov – Olli Martikainen, Method for Throughput Maximization of Multiclass Networks
 with Flexible Servers. 13.12.2011. 19 p.

No 1262 Valeriy Naumov – Olli Martikainen, Optimal Resource Allocation in Multiclass Networks. 14.12.2011. 17 p.

Elinkeinoelämän Tutkimuslaitoksen julkaisemat ”Keskusteluaiheita” ovat raportteja alustavista tutkimustuloksista 
ja väliraportteja tekeillä olevista tutkimuksista. Tässä sarjassa julkaistuja monisteita on mahdollista ostaa Talous-
tieto Oy:stä kopiointi- ja toimituskuluja vastaavaan hintaan.

Papers in this series are reports on preliminary research results and on studies in progress. They are sold by 
Taloustieto Oy for a nominal fee covering copying and postage costs.

Julkaisut ovat ladattavissa pdf-muodossa osoitteessa: www.etla.fi/julkaisuhaku.php 
Publications in pdf can be downloaded at www.etla.fi/eng/julkaisuhaku.php


