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Demographic
trends pull down
interest rates
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policy tools

The decline is attri
butable to both
structural and cyclical
factors and was par
ticularly pronounced
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crisis. The natural
real interest rate also
remains currently low.

The natural real inter
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conditions. Demo
graphics provide a
particularly negative
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expected to continue
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etary policies. Spillo
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in the future.
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The natural real interest rate
in Denmark has declined since
the 1990s
The trend in the natural real interest rate, referred
to as r*, has implications for the transmission of
Danmarks Nationalbank’s interest rates to the Danish
economy. The level of r* is essential to the monetary
policy position, i.e. whether Danmarks National
bank’s monetary policy rates stimulate or dampen
growth, cf. Box 1.
Hence, a low monetary policy rate will not neces
sarily stimulate growth in activity. That depends on
how low r* is. If the real interest rate is lower than r*,
it will stimulate consumption and investment. This
will cause economic growth to exceed the structural
growth rate and gradually close the output gap, i.e.
the difference between actual and potential output,
in a recession. Higher monetary policy rates may
also still have a stimulating effect as long as the level
of the real interest rate remains below r*.
In Denmark, r* has declined since the early 1990s, as
shown by an estimation based on Pedersen (2015),
cf. Chart 1. The level of r* implies a significant degree
of estimation uncertainty. The decline in r* since the
1990s is a robust result, however, and is commonly
found in studies across countries and different esti
mation techniques, cf. Brand et al. (2018). r* dropped
and became negative during the financial crisis in
the second half of the 2000s. Most recently, r* has
increased slightly, but it remains substantially below
the pre-crisis level. A similar trend is seen in other
advanced economies. To some extent, the drop in r*
can be explained by population ageing and thus a
smaller share of the population of working age. This
demographic trend can be expected to continue in
the near future, so indications are that r* will remain
low in the coming years.

A low natural real interest rate
challenges central banks
While Danmarks Nationalbank meets the objective of
stable prices in Denmark via the fixed exchange rate
policy, many other central banks use the interest rate
to target inflation directly. This applies to the Euro
pean Central Bank, ECB, among others. In such a

What is the natural real interest rate, r*?

Box 1

r* is an abbreviation of the natural real interest rate that
is often used in the literature on monetary policy. The real
interest rate is the nominal interest rate less expected
inflation. r* is the real interest rate level that brings actual
economic activity in line with potential economic activity.
Potential activity means economic activity that is compat
ible with stable price and wage growth. Monetary policy
will neither stimulate nor dampen economic activity if the
actual real interest rate equals r*. When the real interest
rate is lower than r*, growth is stimulated by monetary
policy rates, and when the real interest rate is higher than
r*, growth is dampened.

The natural real interest rate
in Denmark has declined since
the 1990s
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The chart shows estimates of r* and the actual real
interest rate, defined here as the short-term money
market rate adjusted for expected inflation. Inflation
expectations have been calculated as a projection from a
simple time series model. For further details, see Peder
sen (2015).
Source: Own estimation based on data from Danmarks National
bank.
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monetary policy regime, the monetary policy rate is
adjusted in order to influence economic activity and
hence inflation. For these central banks, a combin
ation of three elements may pose challenges to the
implementation of monetary policy:
1. Monetary policy rates are subject to a lower
bound, reflecting that the interest rate on cash al
ways equals zero. The lower bound is not known,
but the negative interest rates in recent years
have shown that it is below zero.
2. In response to an economic downturn with low
inflation, monetary policy rates must be set so as
to ensure that the real interest rate is lower than
r*.
3. There are clear indications that r* has declined
significantly since the mid-1990s, both inter
nationally and in Denmark.
A lower bound for monetary policy rates and a low
r* challenge the ability of monetary policy to stimu
late growth in a recession. This is because the lower
the r* is, the more likely the monetary policy rate
is to hit a lower bound.1 The consequence may be
more periods during which conventional monetary
policy is less able to stimulate the economy. This
does not mean that the monetary policy options are
exhausted, however. But it does mean that central
banks must, to a higher degree, use unconventional
monetary policies in their response to new down
turns. For example, the ECB has purchased financial
assets during the period after the financial crisis.
Changes to monetary policy rates have also con
tributed to stabilising fluctuations in the Danish
economy, cf. Ravn (2012). This is because monetary
policy rates in Denmark follow those of the ECB, and
Danish cyclical conditions to a large extent mirror
those of the euro area. The low level of interest rates
has thus supported the upswing after the financial
crisis, cf. Jensen and Pedersen (2019) and Danmarks
Nationalbank (2019).

1

The probability of the monetary policy rate being constrained by a
lower bound has not been calculated in the analysis. Other studies
based on macroeconomic models indicate that the lower the r* is,
the more frequently the lower bound will bind, see Kiley and Roberts
(2017). If conventional monetary policy is unable to stimulate activity
due to the combination of a lower effective bound for monetary pol
icy rates and low r*, this represents secular stagnation, cf. Summers
(2014).

A low level for r* in Denmark could imply that
interest rates will have a less stimulating effect on
activity in a recession. However, a spillover effect
on the Danish economy may still be expected from
unconventional measures applied by the ECB. For
example, the ECB’s asset purchase programme for
government bonds in the euro area has contributed
to a decline in long-term interest rates in Denmark,
cf. Jensen et al. (2017).

Overall, Danish growth has pulled
down the natural real interest rate
since the 1990s
The natural real interest rate cannot
be observed directly
The major challenges of r* are that it cannot be
observed and that it varies with developments
in the economy. This analysis therefore applies
the method in Pedersen (2015) to estimate r* for
Denmark. The method uses statistical methods and
economic theory to derive r*. The result can be
seen in Chart 1.
In the model from Pedersen (2015), r* can be written
as the total effect of the structural growth rate of
the Danish economy and other factors that are not
captured directly by the model. Because Denmark is
a small open economy that is heavily influenced by
international factors, it is difficult to distinguish be
tween national and international factors as drivers of
the development in Danish r*. Below, we first review
the development of the structural growth rate in
Denmark, as structural growth is an important factor
for the estimated r* in the model in Pedersen (2015).
We then analyse international conditions that could
affect Danish r*, but which are not included in the
model.
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Decline in structural growth pulls down
the natural real interest rate
Structural growth reflects the development in prod
uctivity, labour and capital stock. High expected future
growth means a stronger incentive to bring forward
consumption from the future until today. Therefore,
interest rates need to rise to increase the incentive to
save today, and thus to ensure equilibrium between
saving and consumption. Conversely, lower product
ivity growth will exert downward pressure on interest
rates. At the same time, a smaller labour force reduces
the productivity of the capital stock. As interest rates
reflect return on capital, a smaller labour force will
also reduce the level of interest rates.

Structural growth in Denmark
declined until 2010

During the financial crisis, r* declined substantially
relative to structural growth in Denmark. The large
deviation from the structural growth development
may be attributed to both cyclical and international
factors.

The low natural real interest
rate reflects international factors
to a large extent
The natural real interest rate in Denmark mirrors
interest rate developments abroad
Natural real interest rates are currently low in many
countries. A recurring result in analyses of advanced

Chart 2
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Structural growth in Denmark showed a downward
trend from the mid-1990s until 2010, cf. Chart 2. This
had a negative impact on r*. Since 2010, structural
growth in Denmark has risen again. Viewed in isol
ation, this has contributed to a slight increase in r*.
Most of the decline in the structural growth rate in
Denmark since the mid-1990s can be attributed to
lower productivity growth, cf. Danielsen et al. (2017).
This trend is also seen in other advanced econ
omies, and it is difficult to distinguish the effects
from productivity trends in Denmark and abroad.
To this should be added a small contribution from
the demographic development that has reduced the
share of the population of working age.

4

96

98

00

02

04

06

08

10

12

14

16

18

Note:

Structural growth is based on the structural GDP
growth rate that is estimated in connection with the r*
estimation. This estimate is largely identical to Danmarks
Nationalbank’s estimate of structural GDP growth in
Denmark.
Source: Own estimation.

economies such as the USA, the euro area, the
UK, Canada and Sweden is that r* has followed a
downward trend since the late 1980s. Like Den
mark, these countries experienced a strong decline
during the financial crisis from 2008.2
r* developments in Denmark and abroad show a
close link between r* in Denmark and interest rate
developments in the euro area and the USA, cf.
Chart 3 and Box 2. This link reflects similar devel
opments in factors such as structural growth and
demographics across advanced economies.
The close link between r* in Denmark and abroad
should also be viewed in the light of spillover
effects via free international capital flows where
by capital and savings seek the highest returns.
International capital flows imply that variations in
return are equalised across economies. Hence, in
the longer term, r* in Denmark can be expected
to adapt if it has deviated from developments in
r* in the euro area and the USA for some time. So

2

See e.g. Holston et al. (2017), Brand et al. (2018) and Armelius et al.
(2018).
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in order to analyse further why r* in Denmark has
declined in recent years, it is necessary to review
both national and especially international factors.
Both national and international
factors contribute negatively
In Denmark, r* has declined by approximately 4
percentage points since 1996. Below, we review
how much of the decline can be explained by the
effect of structural growth in Denmark based on
the estimation of r* and by a decomposition of
other factors, cf. Box 3. The other factors also
influence interest rates in Denmark, but are not
included in the model in Pedersen (2015) used in
this analysis. Due to the close link between r* in
Denmark and international interest rates, mainly
international factors that have affected r* develop
ments in Denmark are reviewed below.3
The largest contributions come from three main
factors: changes in structural growth in Denmark
(0.8 percentage point), international demograph
ics (1.5 percentage points) and saving behaviour
in emerging market economies (1.2 percentage
points), cf. Chart 4.4 These factors can explain
more than three fourths of the overall decline in
r* since 1996. In addition, there has been a small
contribution from temporary changes in saving
behaviour caused by financial uncertainty.

5

The natural real interest rate
in Denmark mirrors international
interest rates

Chart 3
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The chart shows the estimated r* in Denmark applied
in the analysis as well as another estimate in which r* in
Denmark is explained solely by r* in the euro area and
the USA. See Box 2 for further details.
Source: Own calculations based on data from Holston et al.
(2017) and own estimation.

International demographics
and saving behaviour push down
the natural real interest rate

Chart 4
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Financial unrest may lead to temporary
drops in the natural real interest rate
During the financial crisis and the subsequent
debt crisis in some euro area member states, r* in
Denmark was pulled further down by uncertainty
in the international financial markets. Reduced
risk appetite boosted demand for safe assets such
as government bonds rather than equities. The
effect was lower yields on safe assets. Although
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Developments in demographics and productivity growth in
Denmark coincide with developments in the euro area. As a result,
contributions from changes in Denmark and the euro area may
be identical. Because Denmark is a small open economy in which
interest rates are highly dependent on interest rates abroad, the
analysis includes demographics in the euro area. At the same
time, the demographic effect from the size of the labour force in
Denmark is captured by the contribution from structural growth.
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The size of contributions from changes in structural growth,
demographics and saving behaviour in emerging market econ
omies to r* since the 1990s is close to estimates from studies of
other countries, cf. the literature review in Brand et al. (2018) and
Pescatori and Turunen (2015). For a discussion of factors that may
give rise to changes in r*, see also Woodford (2003).

Saving behaviour in
emerging market
economies

Demographics in the
euro area
Other factors

Overall contributions to the change in r* between the 3rd
quarter of 1996 and the 1st quarter of 2018. The contri
butions are based on a decomposition of contributions
to changes in r* in every quarter. “Uncertainty” comprises
international financial uncertainty. For more details on the
estimation of contributions to r*, see Box 3.
Source: Own estimation based on data from the European Com
mission, Eurostat and Thomson Reuters Datastream.
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the effects on r* of the financial crisis and the debt
crisis in a number of euro area member states are
temporary and likely to disappear in the longer
term, the decline in risk appetite may persist for
some time. For example, households in Denmark
have continued to consolidate for many years after
the crisis, cf. Mortensen et al. (2017) and Hviid and
Kuchler (2017).
Higher savings in emerging market economies
push down the natural real interest rate
Other changes in international saving behaviour
affecting r* in Denmark are of a more sustained
nature than financial uncertainty. In some of the
emerging market economies, savings are typically
placed in bonds from advanced economies, includ
ing Denmark. The sustained increase in demand for
bonds in those countries has pushed down inter
est rates. Growing demand for savings in foreign
currency is reflected in e.g. the accumulation of
substantial foreign exchange reserves in emerging
market economies, cf. Chart 5.
Higher demand in emerging market economies
– especially China – for savings in foreign bonds
should be viewed in the context of the economic
and demographic developments of those coun
tries. Demand for private pension and insurance
savings has grown due to a combination of three
factors: a higher income level, increased life ex
pectancy and a low level of public social security.
International demographics contribute
negatively to the natural real interest rate
Interest rates in Denmark are strongly affected by
demographic trends abroad, particularly in the euro
area, cf. Chart 6.
r* in Denmark is influenced by three effects of
demographic trends in the euro area. (1) A smaller
labour force in the euro area means lower returns
on the capital stock. The level of interest rates re
flects the return on capital, and the level of interest
rates in the euro area is reduced, which transmits
to r* in Denmark. (2) At the same time, longer life
expectancy will increase the incentive for pension
saving, which has a negative effect on interest
rates as it boosts demand for savings. (3) Con
versely, a higher percentage of pensioners means
lower savings. All else equal, this will increase
r*. When the effects are added up, demographic
changes in the euro area have influenced r* in
Denmark negatively.
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Demand for foreign bonds in
emerging market economies pushes
down interest rates
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Note:

Emerging market economies’ savings in foreign currency
are their foreign exchange reserves in per cent of US
GDP. The group of emerging market economies includes
Brazil, China, Hong Kong, India, Russia, Singapore, South
Korea and Taiwan.
Source: Thomson Reuters Datastream and own estimation.

The natural real interest rate reflects
demographic trends in the euro area
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Studies of other economies indicate that demo
graphic trends in recent years have had a negative
effect on r* of the same magnitude as in Denmark.5
Projections show that the trend with a lower share
of the population of working age is likely to con
tinue, both in Denmark and abroad. Accordingly,
r* in Denmark can be expected to remain at a low
level in the coming years and perhaps decline even
further. Studies based on other economies indicate
a further expected decline in r* of between 0.25 and
0.50 percentage points towards 2030, cf. e.g. Papetti
(2018) and Bielecki et al. (2018).
A new normal for monetary policy?
The situation with a low r* may be regarded as a
new normal for monetary policy in central banks
with an independent monetary policy, including
the ECB and the Fed, cf. e.g. Bernanke (2017) and
Brainard (2017). All else equal, the implication of a
low r* is that monetary policy rates must be lower
than previously to stimulate the real economy. At the
same time, a lower bound for monetary policy rates
could present a challenge to central banks attempt
ing to stimulate the economy through conventional
monetary policy. An increased probability of hitting
the lower bound for monetary policy rates implies
that unconventional monetary policy instruments
such as asset purchases could become convention
al. In other words, purchases of financial assets and
large central bank balance sheets may be here to
stay. In the future, unconventional monetary policy
may also have an impact on economic developments
in Denmark through the spillover effect from the
ECB’s monetary policy.

5

Carvalho et al. (2016) find that a decline in r* of approximately
1.5 percentage points from 1990 to 2014 can be attributed to the
demographics of developed economies. Similar results are found in
Eggertsson et al. (2017) and Gagnon et al. (2016) for the USA.
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Adjustment of the Danish natural real interest rate to
the natural real interest rates in the euro area and the USA
The analysis uses a cointegration analysis to illustrate that r*
developments in Denmark mirror changes in r* in the euro
area and the USA.1 In other words, that changes in Danish r*
to a great extent reflect international conditions or similar
conditions across countries. The point of departure is an
Engle-Granger two-step procedure inspired by Armelius et
Variable

�

*
𝐷𝐾,𝑡

al. (2018), who analyse r* in Sweden. If the natural real inter
est rates across countries cointegrate, this means that they
follow a common stochastic trend. In an ADF test, it cannot
*
*
*
be ruled out that �𝐷𝐾,𝑡 
, �𝐸�,𝑡  
and �𝑈𝑆,𝑡
each contain a unit root
and follow a random walk, cf. the table below:
ADF t value

0 lags

1 lag

2 lags

-0.80

-0.83

-0.86

*
𝐸�,𝑡

-0.78

-1.14

-1.26

-0.40

-0.48

-0.43

Critical value

-2.89

�

�

*
𝑈𝑆,𝑡

The first step of the Engle-Granger procedure is to set up an
equilibrium relation between the Danish r* and r* for the euro
area and the USA, respectively, which is estimated by OLS:
*
*
*
�𝐷𝐾,𝑡
= 𝛽0 + 𝛽𝐸� �𝐸�,𝑡
+ 𝛽𝑈𝑆 �𝑈𝑆,𝑡
+ 𝜀𝑡

Variable

𝜀𝑡

Critical value

If the residual of the equilibrium relation, 𝜀𝑡, is stationary, this
is an indication that interest rates follow a common stochastic
trend that disappears in the equilibrium relation. In an ADF
test, it is rejected that 𝜀𝑡 is non-stationary, cf. the table below:
ADF t value

0 lags

1 lag

2 lags

-3.66*

-3.95**

-3.93**

-3.74

A stationary residual indicates that a cointegration relation –
*
in other words, an equilibrium relation – exists between �𝐷𝐾,𝑡 
,
*
*
�𝐸�,𝑡  
and �𝑈𝑆,𝑡
. The next step of the Engle-Granger procedure
is to set up an error correction model for the Danish r*. As 𝜀𝑡
seems to follow an AR(1) process, 𝜀𝑡, can be rewritten to the
following error correction model:
*
*
*
Δ�𝐷𝐾,𝑡 
= 𝜇 + 𝜃𝐸� Δ�𝐸�,𝑡
+ 𝜃𝑈𝑆 Δ�𝑈𝑆,𝑡
+ 𝛼𝜀𝑡-1+ 𝑢𝑡

*
The model estimates the adjustment of Δ�𝐷𝐾,𝑡
towards equi
*
librium when it deviates from the equilibrium relation to �𝐸�,𝑡
*
and �𝑈𝑆,𝑡
, i.e. an error correction term, 𝛼, which is significant
ly negative, cf. the table below. The significantly negative
error correction term indicates that the Danish r* will revert
towards the equilibrium relation with r* in the euro area and
the USA in case of deviations. The half-life period for the
*
fluctuations is approximately 1.5 years. In the short term, �𝐷𝐾,𝑡
*
is affected only by changes in �𝐸�,𝑡 within the same quarter.
32 per cent of a change in r* in the euro area will transmit to
Denmark within the same quarter.

Variable

Coefficient

Robust standard errors

P value

𝜇

-0.04*

0.02

0.07

*
𝐸�,𝑡

0.32**

0.13

0.02

*
Δ�𝑈𝑆,𝑡

0.18

0.11

0.11

𝜀𝑡-1

-0.10**

0.05

0.03

Observations

94

Δ�

𝑅

1.

Box 2

2

0.19

Quarterly data from 1995 until the 3rd quarter of 2018 is applied. ** denotes significance at the 5 per cent level and * at the 10 per cent level.
Natural real interest rates are from Holston et al. (2017) and own estimation. The results from the estimation of the error correction model
are shown with standard errors that are robust to autocorrelation and heteroscedasticity. The results are robust to the use of the maximum
likelihood estimator instead of the OLS estimator.
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Decomposition of changes in the natural real interest rate

Box 3
Continues

r* is estimated using the method of Pedersen (2015), where
r* is a function of two terms: 𝑔𝑡, which is the structural
growth rate of the economy, and 𝑍𝑡, which captures informa
tion that is not contained in the model:
�𝑡*= 𝛾𝑔𝑡-1+𝑍𝑡-1

This estimation provides information about contributions
from the structural growth rate in Denmark to r*, based e.g.
on developments in monetary policy rates, real activity and
inflation in a simple macroeconomic model. The model does
not include information on the development in 𝑍𝑡 as that is
only a residual in Pedersen (2015).
In this analysis, we seek an explanation for the develop
ment in 𝑍𝑡 in the above estimation to better understand
developments in r*. We find drivers behind the estimated
development in 𝑍𝑡 by including information from outside the
model, inspired by the study of r* in the USA by Pescatori
and Turunen (2015), and by the review of the literature on r*
by Brand et al. (2018).
In the estimation of r*, 𝑍𝑡 is assumed to follow a stochastic
process with a unit root, 𝑍𝑡= 𝑍𝑡-1+ 𝜀𝑡. As 𝑍𝑡 is I(1), contribu
tions to changes in 𝑍𝑡, Δ𝑍𝑡, are estimated. There are also
indications that the explanatory variables of the model are
non-stationary. Therefore, the explanatory variables are also
transformed into first differences. When Δ𝑍𝑡  is included as
a dependent variable, this is equivalent to including 𝜀𝑡 as a
dependent variable. This means that the model estimates
shocks to 𝑍𝑡  , which are designed to have a mean value of
0. Accordingly, a constant is excluded from the regression
model (statistical tests have been performed, showing that

1.

𝜀𝑡 has a mean value of 0, and a constant is also included
insignificantly in the model):
Δ𝑍𝑡= 𝛽1Δ𝑍𝑡-1+𝛽2 Δ𝐸𝐴_𝐿𝐴𝐵𝐹𝑂𝑅𝐶𝐸𝑡+𝛽3 Δ𝐸𝐴_𝑂𝐿𝐷𝑡
+𝛽4 Δ𝐸𝑀𝐸_𝑅𝐸𝑆𝑡+𝛽5 Δ𝑈𝑆_𝑉𝑂𝐿𝐴𝑡+𝜈𝑡

Δ𝑍𝑡-1 is included to avoid autocorrelation in the residuals and
to achieve a model that meets model specification tests.
𝐸𝐴_𝐿𝐴𝐵𝐹𝑂𝑅𝐶𝐸𝑡 is the share of the population of working age
(15-64 years) in the euro area. 𝐸𝐴_𝑂𝐿𝐷𝑡 is the share of the
population of retirement age (65+ years) in the euro area.
The demographic structure is included as it affects return
on capital and the total share of savers in the economy.
𝐸𝑀𝐸_𝑅𝐸𝑆𝑡 is foreign reserves as a percentage of US GDP in
emerging market economies (here approximated as Brazil,
China, Hong Kong, India, Russia, Singapore, South Korea
and Taiwan) and is included as a measure of increased de
mand for savings in emerging market economies. 𝑈𝑆_𝑉𝑂𝐿𝐴𝑡
is the deviation from the average daily volatility in the S&P
500 index over the last two years and represents inter
national stock market uncertainty. Uncertainty is included
as the general level of financial uncertainty affects demand
for safe assets. It is difficult to distinguish contributions from
demographic changes in the euro area and international fi
nancial uncertainty from demographic changes and financial
uncertainty in Denmark, since these variables show almost
identical trends. However, because Denmark is a small open
economy where interest rates are heavily influenced by
international interest rates, cf. the results in Box 2, the analy
sis focuses exclusively on international variables. Standard
errors that are robust to autocorrelation and heteroscedas
ticity are applied. The results of the estimation are shown in
the table below:1

Variable

Coefficient

Robust standard errors

P value

Δ𝑍𝑡-1

0.26***

0.07

0.001

Δ𝐸𝐴_𝐿𝐴𝐵𝐹𝑂𝑅𝐶𝐸𝑡

2.33**

0.78

0.004

Δ𝐸𝐴_𝑂𝐿𝐷𝑡

1.11**

0.54

0.04

Δ𝐸𝑀𝐸_𝑅𝐸𝑆𝑡

-0.03**

0.01

0.02

Δ𝑈𝑆_𝑉𝑂𝐿𝐴𝑡

-0.03***

0.01

0.001

Observations

87

Log likelihood

55.6

Quarterly data from 1996 to 2017 is applied. *** denotes significance at the 1 per cent level, ** at the 5 per cent level and * at the 10 per
cent level. Demographic variables that are available on an annual basis only have been linearly interpolated. The differences have then been
calculated as 5-quarter moving averages to prevent the estimation from being affected by variation caused by the data interpolation. Data is
from the European Commission, Eurostat, Thomson Reuters Datastream and own estimation. The results are robust to the use of the maximum
likelihood estimator instead of the OLS estimator.
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Box 3
Continued

𝑍𝑡  is positively affected by the size of the labour force in the
euro area. A smaller labour force reduces the marginal prod
uct of capital and thus interest rates. Moreover, longer life
expectancy, leading to a smaller share of people of working
age relative to pensioners, also increases the incentive for
pension saving. On the other hand, a smaller share of savers
will exert upward pressure on interest rates. So all else
equal, the effect of the share of pensioners is positive.

Higher savings in foreign currency in emerging market econ
omies put downward pressure on 𝑍𝑡 by increasing demand
for bonds in the advanced economies. To this should be
added temporary changes in saving behaviour that increase
demand for safe assets due to international financial uncer
tainty.
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