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Real interest rates in  
the context of inflation and 
higher government debt

Since the 1980s, interest rates have declined  
gradually across the advanced economies
This decline partly reflects that inflation has also de-
creased. Another reason for the decline is that the 
neutral real interest rate has decreased over the same 
period. The neutral real interest rate was driven down 
by structural factors related to ageing populations and 
diminishing productivity growth, among other factors.

Since 2020, interest rates have risen significantly
This should be seen in the context of considerable 
increases in inflation across many countries. In addi-
tion, the state of the business cycle with high global 
demand and supply chain disruptions is pulling  
towards a higher neutral real interest rate.

At a longer horizon, there is considerable  
uncertainty about the level of real interest rates
There are indications that the structural conditions 
that contributed to the decrease in the neutral real  
interest rate are still present. However, new trends 
such as higher government debt, climate change,  
the green transition and changing trade patterns  
may potentially affect the neutral real interest rate.
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Key interest rate concepts in the analysis Box 1

Interest rate 
The amount that a borrower pays to a lender on an on-

going basis in addition to amortisations on the debt and 

fees. The amount is typically stated as an annual amount 

as a percentage of the loan amount.

Monetary policy interest rates 
The interest rates on commercial banks’ deposits and 

loans at a central bank.

Short/long market rate 
The interest rates on loans between central governments, 

companies and households issued in financial markets. 

The interest rates can be classified according to the matu-

rity of the loans.

Real interest rate 
The interest rate adjusted for inflation, which erodes the 

purchasing power of a deposit or loan over time.

Neutral real interest rate (r*) 
The real interest rate which is compatible with a stable 

price and wage growth if the economy is at its structural 

level initially.

Natural real interest rate (rn)
The long-term level of the neutral real interest rate, i.e. 

the neutral real interest rate excluding temporary, cyclical 

conditions. The natural real interest rate is driven solely 

by structural factors.

The neutral and natural real interest rates are stated in 

risk-free terms, i.e. adjusted for the risk of loss due to 

default.

Long period of falling interest rates 
has been followed by higher rates

Monetary policy interest rates as well as long-term 
market rates declined significantly from the early 
1980s and until 2020, see chart 1.1 The decline 
became particularly pronounced in the wake of the 
global financial crisis in 2008-2009, with interest rates 
reaching unprecedented low levels in the subse-
quent years. The period of very low interest rates 
ended during 2021, and interest rates have risen 
sharply since then. Against this background, this 
analysis discusses whether the higher interest rates 
are transitory or whether what we are seeing is a 
more fundamental shift.

There are several factors behind the gradual decline 
in interest rates since the 1980s. During the 1990s, a 
large number of central banks switched to inflation 
targeting. Also, central banks were typically man-
dated to conduct monetary policy independently 
of the political system, which also contributed to 
anchoring inflation expectations in the region of 2 
per cent per year. As a result, monetary policy inter-
est rates needed to be lower to ensure a desired 
level of real interest rates, i.e. interest rates adjusted 
for inflation.

In Denmark, Danmarks Nationalbank conducts a 
fixed exchange rate policy. This means that monetary 
policy is not conducted based on an inflation target, 
but that the objective is to maintain a fixed exchange 
rate of the Danish krone against the euro. As the 
European Central Bank (ECB) is tasked with keeping 
inflation in the euro area close to 2 per cent, this 
means that inflation in Denmark will also be at that 
level in the long term. The fixed exchange rate policy 
also means that interest rates in Denmark follow 
interest rates in the euro area.

1	 See box 1 for an explanation of key interest rate concepts.
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Significant decreases in short and long interest rates  
in the period 1980-2020 have been followed by increases

Chart 1
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Note:	 The figure on the left shows monetary policy interest rates. For the United States, the Federal Funds Rate is shown. For the euro area, 
the Deutsche Bundesbank discount rate is shown until 1 January 1999, the ECB’s interest rate for weekly market operations thereafter 
until 14 October 2008, and subsequently the ECB’s deposit rate. For Denmark, Danmarks Nationalbank’s interest rate for certificates of 
deposit is shown.

Source:	 Deutsche Bundesbank, Danmarks Nationalbank and Macrobond.

Very low real interest rates  
after the financial crisis 

Chart 2
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Note:	 Real interest rates have been calculated by deducting 
expected inflation in 12 months from the monetary policy 
rates in chart 1. The expected inflation has been calculat-
ed using an AR(3) time series model.

Source:	 Deutsche Bundesbank, Danmarks Nationalbank, Mac-
robond and own calculations.

Like nominal interest rates, real interest rates have 
been declining for a number of years, see chart 2.2 
There is broad consensus that this is largely due to 
the neutral real interest rate, r*, having fallen across 
countries.3 The neutral real interest rate is the level 
of real interest rates that would sustain stable wage 
and price growth in an economy if output is initially 
at its structural level.4 This means that the actual real 
interest rate fluctuates around r*.

2	 On the face of it, chart 2 indicates that real interest rates were 
extraordinarily low in 2021-2022. However, this reflects that in order 
to show developments back to 1980, real interest rates are based 
on actual realised inflation rather than expected inflation. Because 
inflation is expected to decline again, the chart underestimates the 
current level of real interest rates. Inflation expectations derived from 
inflation swaps as of December 2022 thus indicate that inflation in, 
for example, the euro area is expected to be around 4.5 per cent over 
the coming year, while the chart is based on an expected inflation 
rate of 8.5 per cent. Against this background, the real interest rate in 
the euro area in December 2022 is underestimated by 4 percentage 
points in the chart. A similar caveat applies to the United States and 
Denmark.

3	 See, for example, Holston et al. (2017). 

4	 See, for example, Woodford (2003).
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Period of low inflation  
has been followed by significantly 
higher inflation

Chart 3
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Note:	 The consumer price index (CPI) has been used for the 
United States for the whole period. Inflation in the euro 
area and Denmark is represented by the EU Harmonised 
Index of Consumer Prices.

Source:	 Macrobond.

Cyclical factors also contributed  
to lower real interest rates
After the financial crisis, a number of countries have 
undergone periods where inflation was below target. 
This applies, not least, to the euro area, where infla-
tion averaged 1.25 per cent over the period 2009-
2019, see chart 3. Against this background, there has 
been a need to pursue an expansionary monetary 
policy, which lowered the monetary policy interest 
rate below the neutral interest rate. This means that 
subdued inflation in a number of countries has con-
tributed to reducing interest rates further.

Both short and long interest rates have increased 
significantly across countries since 2020, see chart 
1. Short market rates reflect expectations of mone-
tary policy rates in the immediate future. Here, the 
increase is very much a reflection of the fact that 
inflation has increased sharply in the same period, 
see chart 3. The sharp rise in inflation has necessi-
tated a significant tightening of monetary policy, 
including in the euro area. As a result of the fixed 
exchange rate policy, Danish interest rates have risen 
in line with interest rates in the euro area.

Longer-term interest rates depend less on current 
inflation. The reason for this is that market partic
ipants are confident that, barring further unexpected 
shocks to the economy, central banks will bring 
inflation back to target within two to three years. 
An increase in long-term interest rates will therefore 
primarily reflect expectations of higher real interest 
rates in the future. Over time, the expected level of 
real interest rates is driven by risk premia and struc-
tural factors, such as economic growth.

Estimates suggest that the prolonged  
decline in r* may have stagnated
The neutral real interest rate, r*, can be decomposed 
into a natural real interest rate, rn, which reflects 
long-term structural economic conditions, and a 
cyclical component, c*, which reflects temporary fac-
tors, see box 2.5 Changes in r* may thus be caused 
by long-term drivers as well as temporary factors.

5	 The explicit distinction between short-term and long-term drivers of 
r* and the definition of the natural real interest rate as the part that is 
determined by the long-term drivers is an extension of Danmarks Na-
tionalbank’s previous terminology on equilibrium interest rates, see, 
for example, Adolfsen and Pedersen (2019). Bank of England (2018), 
Brainard (2018) and Blanchard (2023) make a similar distinction 
between long-term and temporary drivers of r*.

It is difficult to determine r* empirically, as neither rn 
nor c* can be directly observed. However, there are 
methods for estimating rn and on that basis make an 
informed assessment of its level. The estimates are 
subject to considerable uncertainty and can there-
fore only provide an indication of the level of rn. To 
take this uncertainty into account in this analysis, 
Danish rn is estimated by using three different meth-
ods, see appendix.

The estimates confirm that rn was declining for a 
number of years up to 2020, see chart 4. There are 
indications that the declining trend has subsequently 
plateaued and that rn may potentially have increased 
slightly recently. Nevertheless, it remains low when 
viewed from a longer-term perspective.

The estimates of rn are uncertain and must therefore 
be interpreted with caution. The level of uncertainty 
is particularly pronounced during turning points 
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Short-term and long-term r* Box 2

The neutral real interest rate, r*, can be decomposed 

into a long-term trend component, rn, and a short-term 

cyclical component, c*:

Long-term changes in r* are due to changes in the 

natural real interest rate, rn, which is affected by low 

frequency factors that determine savings and invest-

ment behaviour. Examples of low frequency factors are 

demographics and productivity growth. This means that 

rn does not change significantly from year to year, but 

follows a trend, see the illustration in the chart below 

(purple curve).

Temporary conditions may also affect r* through the 

cyclical component, c*, which fluctuates around 0. The 

temporary conditions may be due to, for example, 

financial turbulence, which affects investment appetite, or 

fiscal stimulus packages that stimulate demand, so that 

the actual activity deviates from its structural level. For 

example, a positive demand shock will push up c* and r* 

and imply that the real interest rate has to increase in or-

der to keep activity in line with potential. As c* fluctuates 

around 0, r* will fluctuate around rn, see the illustration 

below (red curve).

Real interest rate
Natural real interest rate, rn

Neutral real interest rate, r*

Note:	 The chart is an illustrative example.

Statistical models indicate  
that the decline in rn has  
plateaued in Denmark

Chart 4
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Note:	 ‘UC’ indicates the model in Pedersen (2015), ‘AFNS’ indi-
cates the model in Christensen, Diebold and Rudebusch 
(2011), and ‘CVAR’ indicates the model in Benati (2020, 
2021), see appendix. The grey lines indicate the most 
conservative 10 per cent and 90 per cent confidence 
bands among the three models.

Source:	 Macrobond, Refinitiv Eikon and own calculations.
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De følgende afsnit opridser de vigtigste 

drivkræfter bag det langvarige fald i rn. Herefter 

diskuteres, hvorvidt aktuelle forhold, såsom 

større offentlig gæld, klimaforandringer, grøn 

omstilling og ændrede handelsmønstre, 

fremadrettet vil kunne påvirke rn. 

 

6 Andre drivkræfter er også blevet nævnt som mulige forklaringer på 
faldet i rn, men synes at have spillet en sekundær rolle: faldende relativ 
pris på investeringer (Sajedi og Thwaites, 2016, Eggertson mfl., 2019, 
og Marx mfl., 2021), en reduktion af arbejdskraftens indkomstandel 
(Eggertson mfl., 2019, Marx mfl., 2021 og Peruffo og Platzer, 2022) 
samt større efterspørgsel efter sikre aktiver og øget samhandel mellem 
lande (ECB, 2021a). 

Vigtigste drivkræfter for den naturlige 
realrente 

Der er generel konsensus blandt økonomer om, 

at det langvarige fald i rn afspejler forskellige 

strukturelle forhold. Grundlæggende synes fire 

drivkræfter især at have spillet ind på globalt 

plan:6 

• Demografiske ændringer 

• Aftagende produktivitetsvækst 

• Stigende ulighed 

• Større offentlig gæld. 

De fire drivkræfter opsummeres i tabel 1 og 

gennemgås i det følgende afsnit. 

Danmark er kendetegnet ved nogle af de 

samme drivkræfter. Desuden er Danmark en lille 

åben økonomi, hvorved rn og r* i stort omfang 

afhænger af globale forhold. rn og r* er dermed 

efter alt at dømme også faldet herhjemme 

ligesom i udlandet.7 Der er dog usikkerhed om, 

hvor meget hver af de fire faktorer har bidraget 

til udviklingen i rn. Derudover kan det være 

svært at afgrænse årsagssammenhænge, da de 

enkelte drivkræfter kan påvirke udviklingen i de 

andre drivkræfter. 

Demografiske ændringer og aftagende 

produktivitetsvækst har reduceret rn 

Flere studier finder, at demografiske ændringer 

har spillet en væsentlig rolle for rn.8 Lavere 

fertilitets- og dødsrater har gradvist skubbet en 

større andel af befolkningen hen i 

aldersgrupper, som typisk sparer meget op. 

Dette har – sammen med en højere forventet 

levealder og deraf opsparing over flere år – 

øget den samlede ønskede opsparing i 

økonomien og lagt et nedadgående pres på rn. 

7 Adolfsen og Pedersen (2019). 
8 Carvalho mfl. (2016), Rachel og Smith (2017), Bielecki mfl. (2018), 

Brand mfl. (2018), Adolfsen og Pedersen (2019), Eggertson mfl. (2019), 
Rachel og Summers (2019), Auclert mfl. (2021), Gagnon mfl. (2021), 
Papetti (2021), Cesa-Bianchi mfl. (2022) og Platzer og Peruffo (2022). 

 

 r* på kort og langt sigt Boks 2  

 Den neutrale realrente, r*, kan opdeles i en langsigtet 

trendkomponent, rn, og en kortsigtet cyklisk komponent, 

c*: 

𝑟𝑟𝑟𝑟∗ = 𝑟𝑟𝑟𝑟𝑛𝑛𝑛𝑛 + 𝑐𝑐𝑐𝑐∗. 

Langsigtede ændringer i r* skyldes ændringer i den 

naturlige realrente, rn, som påvirkes af lavfrekvente 

faktorer, der bestemmer opsparings- og 

investeringsadfærd. Eksempler på lavfrekvente faktorer 

er demografi og produktivitetsvækst. rn ændrer sig 

således ikke betydeligt fra år til år, men følger en trend, 

jf. illustrationen i figuren nedenfor (lilla kurve). 

Midlertidige forhold kan også påvirke r* gennem den 

cykliske komponent, c*, der svinger omkring 0. De 

midlertidige forhold kan skyldes fx finansiel uro, der 

påvirker investeringslysten, eller finanspolitiske 

stimuluspakker, som stimulerer efterspørgslen, således at 

den faktiske aktivitet afviger fra det strukturelle niveau. 

Fx vil et positivt efterspørgselsstød presse c* og r* op og 

betyde, at realrenten vil skulle stige for at holde den 

faktiske aktivitet på niveau med den potentielle. Da c* 

svinger omkring 0, vil r* svinge omkring rn, jf. 

illustrationen nedenfor (rød kurve). 

 

 

 

Anm.: Figuren er et illustrativt eksempel. 
 

   

Realrente
Naturlig realrente, rn

Neutral realrente, r*

such as the one economies may have experienced 
in 2022. As a consequence, the estimates cannot be 
used as a basis for concluding whether rn has in fact 
changed. As data for a longer period of time become 
available, there will be more clarity as to whether the 
development in rn has been reversed.

The following sections outline the main drivers of the 
long-term decline in rn. This is followed by a discus-
sion of whether current conditions such as higher 
government debt, climate change, the green transi-
tion and changing trade patterns may affect rn in the 
future.

Key drivers of natural  
real interest rate

There is general consensus among economists that 
the long-term decline in rn reflects structural con-
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ditions. Fundamentally, four drivers seem to have 
played a particular role globally:6 

•	 Demographic change
•	 Declining productivity growth
•	 Rising inequality
•	 Higher government debt. 

The four drivers are summarised in table 1 and dis-
cussed in the following section.

Denmark is characterised by some of the same driv-
ers. In addition, Denmark is a small open economy, 
which means that rn and r* are highly dependent on 
global conditions. As a consequence, rn and r* are 
likely to also have decreased in Denmark, as they 
have abroad.7 However, there is uncertainty about 
how much each of the four factors has contributed 
to the decline in rn. It may also be difficult to deter-
mine causality, as the individual drivers can influence 
the development of the other drivers.

Demographic change and declining  
productivity growth have reduced rn

Several studies find that demographic change has 
played a significant role for rn.8 Lower fertility and 
mortality rates have gradually pushed a larger pro-
portion of the population into age groups that typ-
ically save a lot. Together with higher life expectan-
cies and hence higher savings over several years, this 
has increased total desired savings in the economy 
and put downward pressure on rn. In addition, the 
concurrent decline in the labour force has reduced 

6	 Other drivers have also been suggested as possible explanations of 
the decline in rn, but seem to have played a secondary role: falling 
relative price of investment goods (Sajedi and Thwaites, 2016, Egg-
ertson et al., 2019, and Marx et al., 2021), a reduction in the labour 
share of income (Eggertson et al., 2019, Marx et al., 2021 and Peruffo 
and Platzer, 2022) as well as greater demand for safe assets and 
increased trade between countries (ECB, 2021a).

7	 Adolfsen and Pedersen (2019).

8	 Carvalho et al. (2016), Rachel and Smith (2017), Bielecki et al. (2018), 
Brand et al. (2018), Adolfsen and Pedersen (2019), Eggertson et al. 
(2019), Rachel and Summers (2019), Auclert et al. (2021), Gagnon et 
al. (2021), Papetti (2021), Cesa-Bianchi et al. (2022) and Platzer and 
Peruffo (2022).

the return on capital, which has contributed to lower-
ing rn through a diminished appetite for investment.

Productivity growth in the advanced economies has 
declined since the 1970s.9 One reason for this may be 
that the productivity gains from the early phase of 
globalisation have been reaped.10 Lower productiv-
ity growth affects savings behaviour by dampening 
expectations of future income growth. This increases 
the incentive to save and pushes rn down. The 
downward pressure on rn is reinforced by companies 
reducing their demand for investments when they 
expect lower productivity growth. Some studies find 
that declining productivity growth has contributed 
almost as much to the decrease in rn as demographic 
change.11

Rising inequality has reduced rn

Affluent households tend to save a larger share of 
their income than the average household. Greater 
income and wealth inequality can therefore increase 
overall savings and push down rn.12 The advanced 
economies have generally experienced increasing 
inequality since the 1980s. Among other reasons, 
this may be a consequence of globalisation, which 
has exposed a number of low-paid occupations to 
greater competition through offshoring.13

Several studies find that rising inequality has con-
tributed to a decline in rn.14 According to Mian et al. 
(2021), the increase in inequality has even been a pri-
mary driver of the decline in rn relative to the effects 
of demographic change.15 

9	 Gordon (2015) and Antolin-Diaz et al. (2017). 

10	 Natal and Stoffels (2019), Guetiérrez and Philippon (2019) and ECB 
(2021a).

11	 Adolfsen and Petersen (2019), Eggertson et al. (2019), Rachel and 
Summers (2019), Cesa-Bianchi et al. (2022) and Peruffo and Platzer 
(2022).

12	 Dynan et al. (2004), Fagerend et al. (2021), Straub (2019) and Mian et 
al. (2021).

13	 See, for example, Autor et al. (2013), who find that competition from 
China can explain a quarter of the reduction in manufacturing jobs in 
the United States from 1990 to 2007.

14	 Rachel and Smith (2017), Auclert and Rognlie (2018), Brand et al. 
(2018), Rachel and Summers (2019), Straub (2019), Mian et al. (2021) 
and Platzer and Peruffo (2022).

15	 Andersen et al. (2022) point out that inequality has increased signifi-
cantly less in Denmark. This indicates that the results for the United 
States cannot necessarily be generalised to other advanced econo-
mies.
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Rising government debt and expansion of social 
safety nets have counteracted the decline in rn

While the three factors discussed above have con-
tributed to reducing rn, there are indications that the 
concurrent increase in government debt has exerted 
a counteracting effect. Higher government deficits 
relative to GDP reduce aggregate desired savings in 
the economy, thereby pushing up rn.16 Continuous 
deficits increase the level of central government 
debt, resulting in a greater supply of safe, liquid 
assets. This raises interest rates on these assets rela-
tive to less safe assets.17

The expansion of social safety nets in a number of 
countries may also have put upward pressure on rn. 
Public pension systems redistribute funds through 
the tax system to pensioners, who generally have a 
relatively high propensity to consume. At the same 
time, the expansion of various unemployment bene-
fit and public health insurance schemes has reduced 
the need for households to save to insure them-
selves against unemployment and illness (‘precau-
tionary saving’).18

Several studies find that, overall, these fiscal changes 
have had a counteractive effect on the decline in 
rn.19 In particular, Rachel and Summers (2019) argue 
that these factors have significantly counteracted 
the decline in rn for the United States. According to 
their estimates, there would have been a significantly 
greater decrease in rn since the 1970s in the absence 
of rising government debt and expansion of social 
safety nets.

16	 This assumes that the private sector does not reduce its savings ac-
cordingly at the prospect of having to pay higher taxes in the future 
to finance the repayment of government debt (Ricardian equiva-
lence).

17	 Krishnamurthy and Vissing-Jørgensen (2012).

18	 The importance of pension systems and social safety nets for rn 
depends on how these schemes are funded. In general, tax-funded 
pay-as-you-go systems will have a negative effect on r*, while sav-
ings-based systems will have a positive effect (Bloom et al., 2007).

19	 Eggertson et al. (2019), Rachel and Summers (2019), Papetti (2021) 
and Platzer and Peruffo (2022). 

Higher interest rates  
since 2020 primarily reflect 
temporary conditions

The significant increase in nominal interest rates 
since 2020 raises the question of whether r* has 
risen. Moreover, if r* has increased, it is crucial for 
future interest rate developments whether this is due 
to an increase in the long-term component, rn, or the 
short-term cyclical component, c*.

The global economy is currently characterised by 
drivers pulling the supply and demand for goods 
and services in opposite directions. This is, for exam-
ple, reflected in a significant increase in inflation.20 
At the global level, there has been an increase in 
demand as the lockdowns were lifted following the 
covid-19 pandemic. The increase in demand has in 
many countries been supported by accommodative 
economic policies. At the same time, supply short-
ages have reduced potential output. The lockdowns 
introduced to contain the pandemic thus created 
bottlenecks in supply chains that have not yet been 
normalised. In addition, Russia’s war in Ukraine has 
caused significant disruptions to the international 
energy and food markets, resulting in large price 
increases, especially in Europe.

Overall, the imbalance between demand and supply 
has increased capacity pressures in the advanced 
economies. This induces a higher r*, as a higher real 

20	 See, for example, Harr and Spange (2023).



A N A LYS I S  —  DA N M A R K S  N AT I O N A L BA N K
R E A L  I N T E R E S T  R AT E S  I N  T H E  CO N T E X T  O F  I N F L AT I O N  A N D  H I G H E R  G OV E R N M E N T  D E B T

8

Drivers behind the natural real interest rate Table 1

Development  
up to 2020

 
Going forward 

Ageing population and declining birth rates

Increased pension savings

Less demand for capital  
due to reduced workforce

Lower productivity growth

Increased savings because incomes grow more slowly

Lower demand for capital

Inequality

Higher savings among affluent households ?

Changes to fiscal policy

Expansion of social safety nets ?
Higher government debt

Energy supply, climate change and green transition

Increased savings due to greater uncertainty  
and expectations of loss

Lower demand for capital due to  
productivity loss and natural disasters

Increased demand for capital for climate adaptation, 
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Changed trade patterns
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Lower demand for capital due to productivity loss

Reduced market concentration, lower inequality and 
financial disintegration
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interest rate is necessary to align demand with the 
temporarily lower supply. The recent hikes in mone-
tary policy rates in many countries must therefore be 
seen in the context both of a sharp rise in inflation 
and a cyclical situation pulling towards an increased 
c* and thus a temporarily higher r*.

Uncertainty about real  
interest rates in the long run

The higher level of r* as well as the estimates of rn in 
chart 4 give reason to consider developments in rn 
since 2020 and going forward.

On the one hand, there are indications that the 
current drivers behind the decline in rn will con-
tinue to contribute to keeping rn at a low level. For 
example, demographic projections indicate that the 
proportion of elderly people will increase globally 
during this century, see chart 5. Based on this, model 
simulations indicate that demographics will continue 
to pull rn down in the coming decades.21 There is 
greater uncertainty about future developments in 
productivity growth and inequality, but there are 
no clear indications that the development in these 
factors has reversed.22

On the other hand, a number of new trends may 
potentially affect rn, although both the direction and 
the size of their effects are uncertain. These new 
trends are discussed in the remainder of the section 
and summarised in table 1.

21	 Auclert et al. (2021), Bielecki et al. (2018), Gagnon and Johannsen 
(2021) and Papetti (2019). For example, Auclert et al. (2021) use 
population projections and data on savings behaviour to show 
that demographics will increase global savings throughout the 21st 
century, resulting in continued downward pressure on rn. However, an 
alternative view is presented by Goodhart and Pradhan (2020). They 
argue that global demographic trends are reversing and will pull up 
rn as an increasingly larger group of elderly people starts using their 
pension savings.

22	 See ECB (2021b) for a discussion of productivity trends. Data on 
income distribution are published with some delay relative to aggre-
gated data, but preliminary data for the United States indicate that 
income inequality growth has slowed down in recent years and that 
the inequality increase observed during the covid-19 pandemic was 
not as high as during the 2008-2009 financial crisis (Heathcote et al., 
2022, and Blanchet et al., 2022). 

Higher government debt and  
military build-up could potentially increase rn

The covid-19 pandemic triggered a significant fiscal 
response, resulting in a substantial increase in gov-
ernment debt in many countries. The gross debt-
to-GDP ratio increased by an average of approx. 
11 percentage points from 2019 to 2021 across the 
advanced economies, see chart 6.

An average of estimates from the literature indicates 
that a 1 percentage point increase in the govern-
ment debt-to-GDP ratio results in a 3.5 basis point 
increase in rn.23 A somewhat uncertain estimate of 
the effect of the covid-19 pandemic-related debt 

23	 Rachel and Summers (2019).
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thus suggests an increase in rn of just under 0.4 
percentage points. However, this is an upper bound 
of the lasting effect, as the debt-to-GDP ratio is 
expected to decline slightly over the medium term, 
according to the IMF.24 Conversely, trends pointing 
towards an increased use of expansionary fiscal pol-
icy may potentially lead to higher debt levels in the 
longer term.

The effect on rn from government debt could be 
amplified if geopolitical tensions (including Russia’s 
war in Ukraine) lead to a military build-up. However, 
this presupposes a significant build-up leading to 
expenses that are not matched by tax increases or 
reductions in demand elsewhere. For example, a 
sustained increase in military spending by all NATO 
countries to 2 per cent of GDP would not have a 
significant effect on rn.

Effect of climate change and  
green transition on rn is not clear-cut
The green transition will to a large extent be driven 
by climate regulation that is going to make existing 
technologies unprofitable to use, even though these 
technologies would have been profitable in the 
absence of such regulation.25 Seen in isolation, this 
will put negative pressure on productivity growth 
until the climate goals are met, thereby reducing the 
return on capital and demand for investments. This 
pulls towards a lower rn, although the magnitude of 
the effect may be limited.

Natural disasters that destroy capital may likewise 
reduce the current rate of return on capital and thus 
demand. At the same time, increased uncertainty 
and expectations of economic losses resulting from 
natural disasters or more stringent climate regula-
tion may increase household and corporate saving 
(‘precautionary saving’). These factors may also put 
downward pressure on rn.26

24	 IMF (2022).

25	 Ingholt et al. (2021). 

26	 Bylund and Jonsson (2020), Hambel et al. (2020), NGFS (2020), Diet-
rich et al. (2021), Cantelmo (2022) and Mongelli et al. (2022).

Large increase in government debt 
due to covid-19 pandemic
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Conversely, the need for climate adaptation (for 
example installation of air conditioning and establish-
ment of dikes) and reconstruction after natural disas-
ters increase the demand for investments.27 Likewise, 
the expansion of renewable energy supplies, energy 
renovation as well as research and development 
in connection with the green transition will boost 
demand.28 In addition, Russia’s war in Ukraine may 
have increased the demand for investment in energy 
transition over an extended number of years. These 
factors put an upward pressure on rn.29

Empirical studies of the impact of the climate on rn 
are relatively scarce, as many of the effects have not 
yet materialised. A number of theoretical studies 
have focused on the effects of lower productivity 
growth, increased uncertainty and expectations of 

27	 Keen and Pakko (2011).

28	 IEA (2021) and IMF (2021) estimate that achieving global climate neu-
trality by 2050 will require additional global investments in the range 
of 0.6-1 per cent of annual global GDP over the next two decades.

29	 NGFS (2020), Jørgensen (2022) and Mongelli et al. (2022). 
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economic losses due to climate change. The studies 
indicate that rn could fall by up to 1 percentage point 
depending on model assumptions.30 A single study 
has analysed the importance of increased demand for 
green investments as a result of carbon taxes. Accord-
ing to the study, a global carbon tax of USD 75 per 
tonne of CO2, as proposed by the IMF for 2030, will 
increase rn by up to 1.2 percentage points.31

There is considerable uncertainty about the time 
horizon of the theoretical effects. Negative effects on 
productivity growth and investment in the green tran-
sition are unlikely to be permanent. This suggests that 
the possible effect on rn may decrease over time.

The effects on rn of changing  
trade patterns are also not clear-cut
The growth in international trade since the 1970s 
stagnated in the wake of the 2008-2009 financial 
crisis, see chart 7. According to several observers, a 
number of major events – Brexit, the US-China trade 
conflict, the covid-19 pandemic and Russia’s war in 
Ukraine – have subsequently increased the likeli-
hood of regionalisation or actual deglobalisation 
of the global economy where companies relocate 
production to their home country or places nearby.
However, there are not yet clear signs of an actual 
deglobalisation, but rather that globalisation has 
stagnated.32

The early phase of globalisation contributed to 
increased growth in productivity and wealth in the 
advanced economies, which supported a higher rn. 
This could indicate that deglobalisation will result in 
a lower rn, because the return on capital decreases 
and saving goes up as a result of lower expected 
productivity and income growth.

However, it is not clear-cut how possible deglobali-
sation could contribute to changes in rn, as factors 
associated with deglobalisation may also contribute 
to increasing rn. First, the productivity effects depend 
on how production is allocated among companies. 

30	 Bylund and Jonsson (2020), Dietrich et al. (2021) and Mongelli et al. 
(2022).

31	 A global tax on greenhouse gas emissions of USD 75 per tonne of 
CO2 in 2030 is consistent with a goal to limit global warming to 2°C 
according to the IMF (2019). The estimated effect of carbon taxes on 
rn comes from Jørgensen (2022).

32	 Antràs (2021).

For example, the later stage of globalisation may 
have led to an increase in market concentration, 
which would reduce productivity growth overall. If 
deglobalisation results in reduced market concentra-
tion, this may cause higher productivity growth and 
thus a higher rn.33

Secondly, the inequality effects of reshoring low-wage 
occupations to the home country – and thus the effect 
on rn – will depend on redistributive policies.

Thirdly, globalisation has implied that emerging 
market economies with high saving rates, such as 
China, now constitute a larger share of the world 
economy, as well as enabling them to invest savings 
in the advanced economies.34 This has contributed to 
pushing down rn. If deglobalisation reduces growth 
in emerging market economies and weakens their 
ability to place savings in the advanced economies, 
this could increase rn in the advanced economies.

33	 Gutiérrez and Philippon (2019) and Natal and Stoffels (2019).

34	 The direction of savings toward advanced economies may be due to 
both a lack of investment opportunities in developing countries and 
an increased preference for safe, liquid assets (Bernanke, 2005, and 
Barsky and Easton, 2021).
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Appendix: 
Estimation of natural  
real interest rate

The analysis uses three statistical models to esti-
mate the natural real interest rate, rn, in chart 4. The 
models are: a macroeconomic model of a small open 
economy, a model of long-term money demand and 
an arbitrage-free term structure model.

•	 The first model is related to the classic Laubach 
and Williams model (2003) and has been extend
ed to take into account that Denmark is a small 
open economy, see Pedersen (2015). The model 
is a trend-cycle model that attempts to separate 
equilibrium levels (trends) and cyclical move-
ments (cycle). The model consists of GDP in real 
terms, a short ex ante real interest rate, the real 
effective exchange rate and inflation. The natural 
real interest rate is derived as the trend compo-
nent of the short real interest rate. The model is 
estimated based on quarterly data for the period 
Q1-1972 to Q3-2022. 

•	 The second model estimates the natural real 
interest rate as a function of long-term money 
demand. Benati (2020) and Benati et al. (2021) 
demonstrate a clear empirical link between the 
turnover of the M1 money stock and the mone-
tary policy rate. The intuition behind this link is 

that households and companies are willing to 
hold more money (which has a low return) when 
interest rates are low relative to when interest 
rates are high. The link between money stock 
and interest rates is estimated in a structural 
co-integrated VAR model in which the natural real 
interest rate is defined as the stationary linear 
combination of the M1 money stock and the 
monetary policy rate less the long-term inflation 
expectation of 2 per cent. The model is estimated 
based on quarterly data for the period Q1-1991 
to Q3-2022. 

•	 The third model includes only government yields 
of different maturities. The model is a dynamic 
arbitrage-free term structure model, see Chri-
stensen, Diebold and Rudebusch (2011). In this 
model, the natural real interest rate is defined as 
a nominal 5Y5Y forward rate35 adjusted for the 
interest rate risk premium less the long-term infla-
tion expectation of 2 per cent, see also Christen-
sen and Rudebusch (2019). The model includes 
Danish zero-coupon rates with a maturity of ½, 
1, 2, 5, 7 and 10 years and is estimated based on 
monthly data from January 1999 to December 
2022.

35	 I.e. the interest rate that can be locked in today on a loan that is 
originated in five years and matures in ten years.



A N A LYS I S  —  DA N M A R K S  N AT I O N A L BA N K
R E A L  I N T E R E S T  R AT E S  I N  T H E  CO N T E X T  O F  I N F L AT I O N  A N D  H I G H E R  G OV E R N M E N T  D E B T

1 3

Bibliography

Acemoglu, D. and P. Restrepo (2020), Robots and 
Jobs: Evidence from US Labor Markets, Journal of 
Political Economy, vol. 128, no. 6. 

Acemoglu, D., C. Lelarge and P. Restrepo (2020), 
Competing with Robots: Firm-Level Evidence from 
France, AEA Papers and Proceedings, vol. 110. 

Adolfsen, J. F. and J. Pedersen (2019), The natural 
real interest rate in Denmark has declined, Danmarks 
Nationalbank Analysis, no. 13, June.

Andersen, H. Y., A. Bartscher, T. Krause and A. Kuchler 
(2022), Inequality and savings, Danmarks National-
bank Economic Memo, no. 11, September.

Antolin-Diaz, J., T. Dreschel and I. Petrella (2017), 
Tracking the slowdown in long-run GDP growth, The 
Review of Economics and Statistics, vol. 99, no. 2.

Antràs, P. (2021), De‐Globalisation? Global Value 
Chains in the Post‐COVID‐19 Age, 2021 ECB Forum: 
“Central Banks in a Shifting World”, Conference Pro-
ceedings.

Auclert, A. and M. Rognlie (2018), Inequality and 
Aggregate Demand, NBER Working Paper, no. 24280.

Auclert, A., H. Malmberg, F. Martenet and M. Rognlie 
(2021), Demographics, Wealth, and Global Imbal-
ances in the Twenty-First Century, NBER Working 
Paper, no. 29161.

Autor, D. H., D. Dorn og G. H. Hanson (2013), The 
China Syndrome: Local Labor Market Effects of 
Import Competition in the United States, American 
Economic Review, vol. 103, no. 6, October.

Bank of England (2018), Inflation Report, August 
2018.

Barsky, R. and M. Easton (2021), The Global Saving 
Glut and the Fall in U.S. Real Interest Rates: A 15-Year 
Retrospective, Economic Perspectives, no. 1, Federal 
Reserve Bank of Chicago.

Benati, L. (2020), Money velocity and the natural rate 
of interest, Journal of Monetary Economics, vol. 116. 

Benati, L., R. E. Lucas Jr., J. P. Nicolini and W. Weber 
(2021), International Evidence on Long-Run Money 
Demand, Journal of Monetary Economics, vol. 117.

Bernanke, B. S. (2005), The Global Savings Glut and 
the U.S. Current Account Deficit, speech at Virginia 
Association of Economists.

Bielecki, M., M. Brzoza-Brzezina and M. Kolasa (2022), 
Demographics, Monetary Policy, and the Zero Lower 
Bound, Journal of Money, Credit and Banking, coming 
article.

Blanchard, O. (2023), Fiscal Policy under Low Interest 
Rates, MIT Press. 

Blanchet, T., E. Saez and G. Zucman (2022), Real-Time 
Inequality, NBER Working Paper, no. 30229.

Bloom, D. E., D. Canning, R. K. Mansfield and M. 
Moore (2007), Demographic change, social security 
systems, and savings, Journal of Monetary Economics, 
vol. 54, no. 1.

Brainard, L. (2018), What Do We Mean by Neutral 
and What Role Does It Play in Monetary Policy?, 
speech at Detroit Economic Club.

Brand, C., M. Bielecki and A. Penalver (2018), The 
natural rate of interest: estimates, drivers, and chal-
lenges to monetary policy, ECB Occasional Paper 
Series, no. 217.

Bylund, E. and M. Jonsson (2020), How does cli-
mate change affect the long-run real interest rate?, 
Economic Commentaries, no. 11, Sveriges Riksbank, 
November.

Cantelmo, A. (2022), Rare Disasters, the Natural 
Interest Rate and Monetary Policy, Oxford Bulletin of 
Economics and Statistics, vol. 84, no. 3, June.

Carvalho, C., A. Ferrero and F. Nechio (2016), Demo-
graphics and real interest rates: Inspecting the mech-
anism, European Economic Review, vol. 88.

Cesa-Bianchi, A., R. Harrison and R. Sajedi (2022), 
Decomposing the drivers of Global R*, Bank of Eng-
land, Staff Working Paper, no. 990.



A N A LYS I S  —  DA N M A R K S  N AT I O N A L BA N K
R E A L  I N T E R E S T  R AT E S  I N  T H E  CO N T E X T  O F  I N F L AT I O N  A N D  H I G H E R  G OV E R N M E N T  D E B T

1 4

Christensen, J. H. E., F. W. Diebold and G. D. 
Rudebusch (2011), The affine arbitrage-free class 
of Nelson-Siegel term structure models, Journal of 
Econometrics, vol. 164, no. 1.

Christensen. J. H. E. and G. D. Rudebusch (2019), A 
new normal for interest rates? Evidence from infla-
tion-linked debt, The Review of Economics and Statis-
tics, vol. 101, no. 5.

Dietrich, A., G. Müller and R. Schoenle (2022), The 
Expectations Channel of Climate Change: Impli-
cations for Monetary Policy, Discussion Paper, no. 
15866, Centre for Economic Policy Research, March.

Dynan, K. E., J. Skinner and S. E. Zeldes (2004), Do 
the Rich Save More?, Journal of Political Economy, vol. 
112, no. 2.

ECB (2021a), The implications of globalization for the 
ECB monetary policy strategy.

ECB (2021b), Key factors behind productivity trends 
in EU countries. 

Eggertson, G. B., N. R. Mehrota and J. A. Robbins 
(2019), A Model of Secular Stagnation: Theory and 
Quantitative Evaluation, American Economic Journal: 
Macroeconomics, vol. 11, no. 1.

Fagereng, A., M. B. Holm, B. Moll and G. Natvik 
(2019), Saving Behavior Across the Wealth Distribu-
tion: The Importance of Capital Gains, NBER Working 
Paper, no. 26588.

Gagnon, E., B. K. Johannsen and D. López-Salido 
(2021), Understanding the New Normal: The Role of 
Demographics, IMF Economic Review, vol. 69.

Goodhart, C. and M. Pradhan (2020), The Great 
Demographic Reversal: Ageing Societies, Waning Ine-
quality, and an Inflation Revival, Palgrave Macmillan.

Gordon, R. J. (2015), Secular Stagnation: A Sup-
ply-Side View, American Economic Review: Papers & 
Proceedings, vol. 105, no. 5.

Gutiérrez, G. and T. Philippon (2019), Fading Stars, 
AEA Papers and Proceedings, no. 109.

Hambel, C., H. Kraft and R. Van der Ploeg (2020), 
Asset Diversification versus Climate Action, CESifo 
Working Paper, no. 8476, July. 

Harr, T. and M. Spange (2023), Inflation – why did 
it rise and what are the drivers ahead?, Danmarks 
Nationalbank Economic Memo, no. 3, February.

Heathcote, J., F. Perri and G. Violante (2022), More 
unequal we stand? Inequality in the United States 
from the Great Recession to the COVID pandemic, 
Presentation at Macroeconomics of Inequality Confer-
ence, Federal Reserve Bank of St. Louis, November 
2022. 

Hémous, D. and M. Olsen (2022), The Rise of the 
Machines: Automation, Horizontal Innovation, and 
Income Inequality, American Economic Journal: Mac-
roeconomics, vol. 14, no. 1.

Holston, K., T. Laubach and J. C. Williams, (2017), 
Measuring the natural rate of interest: International 
trends and determinants, Journal of International 
Economics, vol. 108.

IEA (2021), Net Zero by 2050: A Roadmap for the 
Global Energy Sector, May. 

IMF (2019), Fiscal Monitor: How to Mitigate Climate 
Change, International Monetary Fund, October. 

IMF (2021), COVID-19, Crypto, and Climate: Navigat-
ing Challenging Transitions, Global Financial Stability 
Report, October.

IMF (2022), Fiscal Monitor: Helping People Bounce 
Back, October.

Ingholt, M. M., L. Jygert and A. B. Marcussen (2021), 
Climate change and the role of central banks, Dan-
marks Nationalbank Analysis, no. 19, July.

Jørgensen, C. M. L. (2022), Essays on the Macroe-
conomics of Climate Policy, Chapter 1, PhD thesis, 
Aarhus BSS, Aarhus University.

Keen, B. D. and M. R. Pakko (2011), Monetary Policy 
and Natural Disasters in a DSGE Model, Southern 
Economic Journal, vol. 77, no. 4, April.

Krishnamurthy, A. and A. Vissing-Jorgensen (2012), 
The Aggregate Demand for Treasury Debt, Journal of 
Political Economy, vol. 120, no. 2.

Laubach, T. and J. C. Williams (2003), Measuring the 
Natural Rate of Interest, The Review of Economics and 
Statistics, vol. 85, no. 4.



A N A LYS I S  —  DA N M A R K S  N AT I O N A L BA N K
R E A L  I N T E R E S T  R AT E S  I N  T H E  CO N T E X T  O F  I N F L AT I O N  A N D  H I G H E R  G OV E R N M E N T  D E B T

1 5

Marx, M., M. Benoît and F. R. Velde (2021), Why have 
interest rates fallen far below the return on capital?, 
Journal of Monetary Economics, vol. 124.

Mian, A., L. Straub and A. Sufi (2021), What explains 
the decline in r*? Rising income inequality versus 
demographic shifts, Proceedings of the 2021 Jackson 
Hole Symposium.

Moll, B., L. Rachel and P. Restrepo (2022), Uneven 
Growth: Automation’s Impact on Income and Wealth 
Inequality, Econometrica, vol. 90, no. 6.

Mongelli, F. P., W. Pointner and J. W. van den End 
(2022), The effects of climate change on the natural 
rate of interest: a critical survey, ECB Working Paper 
Series, no. 2744, November.

Natal, J. and N. Stoffels (2019), Globalization, Market 
Power, and the Natural Interest Rate, IMF Working 
Paper, no. 2019/095.

NGFS (2020), Climate Change and Monetary Policy: 
Initial takeaways, Network for Greening the Financial 
System, June.

Papetti, A. (2021), Demographics and the natural real 
interest rate: historical and projected paths for the 
euro area, Journal of Economic Dynamics and Control, 
vol. 132.

Pedersen, J. (2015), The Danish Natural Real Rate of 
Interest and Secular Stagnation, Danmarks National-
bank Working Paper, no. 94.

Peruffo, M. and J. Platzer (2022), Secular Drivers of 
the Natural Rate of Interest in the United States: 
A Quantitative Evaluation, IMF Working Paper, no. 
2022/030.

Rachel, L. and T. D. Smith (2017), Are Low Real 
Interest Rates Here to Stay?, International Journal of 
Central Banking, vol. 50.

Rachel, L. and T. D. Summers (2019), On Secular Stag-
nation in the Industrialized World, Brookings Papers 
on Economic Activity, Spring 2019.

Sajedi, R. and G. Thwaites (2016), Why Are Real 
Interest Rates So Low? The Role of the Relative Price 
of Investment Goods, IMF Economics Review, vol. 64, 
no. 4.

Straub, L. (2019), Consumption, Savings, and the 
Distribution of Permanent Income, manuscript.

Woodford, M. (2003), Interest and Prices: Foun-
dations of a Theory of Monetary Policy, Princeton 
University Press.



PUBLICATIONS

NEWS

News offers quick and accessible insight into an Analysis, 
an Economic Memo, a Working Paper or a Report from 
Danmarks Nationalbank. News is published continuously.

ANALYSIS

Analyses from Danmarks Nationalbank focus on economic 
and financial matters. Some Analyses are published at 
regular intervals, e.g. Outlook for the Danish economy 
and Financial stability. Other Analyses are published 
continuously. 

REPORT

Reports comprise recurring reports and reviews of the 
functioning of Danmarks Nationalbank and include, for 
instance, the Annual report and the annual publication 
Danish government borrowing and debt.  

ECONOMIC MEMO

An Economic Memo is a cross between an Analysis 
and a Working Paper and often shows the ongoing 
study of the authors. The publication series is primarily 
aimed at professionals. Economic Memos are published 
continuously. 

WORKING PAPER

Working Papers present research projects by economists 
in Danmarks Nationalbank and their associates. The series 
is primarily targeted at professionals and people with 
an interest in academia. Working Papers are published 
continuously.

The analysis consists of a Danish and an English version. In case of doubt regarding  
the correctness of the translation the Danish version is considered to be binding.

CONTACT

Ole Mikkelsen
Communications 
and Press Officer

omi@nationalbanken.dk 
+45 3363 6027

SECRETARIAT  
AND COMMUNICATIONS

DANMARKS NATIONALBANK  

LANGELINIE ALLÉ 47 

DK-2100 COPENHAGEN Ø 

WWW.NATIONALBANKEN.DK

This edition closed for  
contributions on 6 February 2023 

Simon Thinggaard Hetland
Senior Economist
sthe@nationalbanken.dk

Marcus Mølbak Ingholt
Senior Lead  
Climate Economist
mmi@nationalbanken.dk

Rasmus Bisgaard Larsen
Senior Economist
rbl@nationalbanken.dk

Morten Spange
Chief Monetary  
Policy Advisor
msp@nationalbanken.dk

ECONOMICS AND  
MONETARY POLICY


