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The neutral real interest rate
Tom Bernhardsen, senior adviser, and Karsten Gerdrup, senior economist, Monetary Policy Department, Norges Bank1

1  The views expressed in the article are the authors’ own and are not necessarily those of Norges Bank. We would like to thank Kari Due-Andresen, Bjarne 
Gulbrandsen, Kjersti Haare Morka, Kjersti Lyngtun Hansen, Roger Hammersland, Kjersti Haugland, Amund Holmsen, Morten Jonassen, Nina Langbraaten, Junior 
Maih, Kjetil Olsen, Øistein Røisland, Marianne Sturød, Ingvild Svendsen and Tørres Trovik for discussion and suggestions.

2  A more precise definition of the neutral real interest rate is provided in Section 3.

3  Wicksell (1907) wrote the following: “If, other things remaining the same, the leading banks of the world were to lower their rate of interest; say 1 per cent below its 
ordinary level, and keep it so for some years, then the prices of all commodities would rise and rise and rise without any limit whatever; on the contrary, if the leading 
banks were to raise their rate of interest, say 1 per cent above its normal level, and keep it so for some years, then all prices would fall and fall and fall without any 
limit except Zero”.

4  The concepts “neutral real interest rate”, “natural real interest rate” and “normal real interest rate” are used interchangeably in the literature. The expression “neutral 
real interest rate” is used in this article.

5  The expected real interest rate is defined as re = i – πe, where re is the expected real interest rate, i is the nominal interest rate and πe is inflation expectations (any risk 
premia are disregarded). Changes in the short-term real interest rate are largely determined by changes in the short-term nominal interest rate, which in turn is deter-
mined by the central bank's official policy rate. The nominal interest rate is deflated by expected inflation over the term of the nominal interest rate. In some contexts, 
the nominal interest rate is deflated by actual inflation during the period. These two deflation methods give rise to the concepts “ex ante” and “ex post” real interest 
rate. Inflation can also be measured in several ways, for example in terms of consumer prices, or in terms of an expression for underlying inflation. These factors may 
be of considerable significance for an empirical estimation of the real interest rate, but are of less importance for understanding the theoretical aspects of the various 
real interest rate concepts.

1 Introduction

The interest rate is the most important monetary policy 
instrument. It may be set so that monetary policy is 
expansionary, contractionary or neutral. The concept 
“neutral real interest rate” is generally associated with the 
real interest rate level, which implies that monetary policy 
is neither expansionary nor contractionary. If the central 
bank aims to stimulate economic activity, the interest rate 
must be set so that the real interest rate is lower than the 
neutral rate. If the central bank aims to dampen activity, 
the interest rate must be set so that the real interest rate is 
higher than the neutral rate.2

The concept “neutral real interest rate” stems from 
the Swedish economist Knut Wicksell3, who maintained 
about a hundred years ago that the general price level 
would rise or fall indefinitely as long as the real interest 
rate deviated from the neutral interest rate4. The neutral 
real interest rate cannot be observed, however, and esti-
mates are uncertain. Blinder (1998) states that: “... the 
neutral real rate of interest is difficult to estimate and 
impossible to know with precision. It is therefore most 
usefully thought of as a concept rather than as a number, 
as a way of thinking about monetary policy rather than 
as the basis for a mechanical rule ...”

The neutral real interest rate is an important concept, 
nonetheless, for assessing the monetary policy stance. 
Central banks must have a perception of how expansion-
ary or contractionary monetary policy is. This requires an 
assessment of the level of the neutral real interest rate.

There are a number of real interest rate concepts. It is 

particularly important to distinguish between the long-
term equilibrium real interest rate, the neutral real inter-
est rate and the actual real interest rate. The long-term 
equilibrium real interest rate is determined by economic 
fundamentals such as growth potential and private sav-
ing behaviour. The neutral real interest rate is in addi-
tion determined by various disturbances that affect the 
supply and demand side of the economy in the medium 
term. The neutral real interest rate may deviate from the 
long-term equilibrium real interest rate, but will move 
around and towards it over time. The actual real inter-
est rate is largely determined by the level of the central 
bank’s official policy rate, and therefore depends on the 
objectives of monetary policy and the disturbances to 
which the economy is exposed. The actual real interest 
rate may therefore differ from the neutral real interest 
rate for shorter or longer periods of time.5

The long-term equilibrium real interest rate is dis-
cussed in the next section. The neutral real interest rate 
and the relationship between the different real interest 
rate concepts are then considered in more detail. First, 
the concepts for a closed economy are discussed and in 
Section 4 the neutral real interest rate in a small, open 
economy is considered in more detail. Free movement 
of capital across countries implies that interest rates 
– including the neutral real interest rate – are influenced 
by global conditions. Section 5 investigates how the 
neutral real interest rate can be estimated empirically, 
and what may be regarded as reasonable estimates of 
the neutral real interest rate, globally and in Norway. 
Section 6 provides a summary.

The concept “neutral real interest rate” is generally associated with the real interest rate level, which implies 
that monetary policy is neither expansionary nor contractionary. We define the neutral real interest rate as 
the real interest rate level which in the medium term is consistent with a closed output gap. We consider in 
more detail how the neutral real interest rate in a small, open economy is influenced by global conditions. 
The neutral real interest rate cannot be observed, and estimates are uncertain. Different methods for esti-
mating the neutral real interest rate are presented in this article. An overall assessment implies that it will 
normally lie in the range of about 2½–3½ per cent in Norway. In recent years, with low real interest rates 
globally, we cannot exclude the possibility that the neutral real interest rate in Norway may be even lower. 
The neutral real interest rate has probably been falling since the 1980s and early 1990s, partly as a result of 
lower inflation risk premia.
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2 The long-term equilibrium real 
interest rate

Economic growth theory may shed light on what determi-
nes the real interest rate in the long term. In the Ramsey 
model, the long-term real interest rate is determined by 
economic fundamentals such as productivity and popula-
tion growth and household saving preferences. Prices are 
assumed to be flexible, and input factors to be mobile. All 
markets are therefore in equilibrium. Under a number of 
simplified assumptions it can be shown that:

(1)  r** = g + n + ρ

The long-term equilibrium real interest rate (r**) is deter-
mined by growth potential, i.e. the sum of productivity 
growth (g) and population growth (n) in addition to the 
household rate of time preference (ρ). The more weight 
households place on consumption today relative to future 
consumption, the higher the time preference rate is.6

According to the Ramsey model, the real interest rate 
and potential growth move more or less in tandem. It is 
assumed that households prefer to smooth consumption 
over time. Higher potential growth and hence higher 
expected income therefore increase the propensity to 
consume and reduce the propensity to save. This implies 
a higher real interest rate. The more households prefer 
to consume today relative to the future, i.e. the more 
impatient they are, the lower the propensity to save and 
the higher the real interest rate.

Higher potential growth can also lead to a higher 
long-term equilibrium real interest rate via higher 
demand for investment. When productivity growth 
increases, for example, this will increase the marginal 
return on capital. A marginal return that is higher than 
the real interest rate increases the propensity to invest. 
Investment demand and the equilibrium real interest rate 
will accordingly rise.7 This is consistent with Wicksell 
(1907) who maintained that: “… the upward movement 
of prices, whether great or small in the first instance, 
can never cease so long as the rate of interest is kept 
lower than its normal rate, i.e. the rate consistent with 
the then existing marginal productivity of real capital.”

The relationship between investment and saving is 
illustrated in Chart 1. Investment demand (I0) is nega-
tively dependent on the real interest rate, because a lower 
real interest rate makes fixed investment more profit-
able. The saving curve (S0) is rising because households 
are assumed to reduce current consumption relative to 
future consumption when the real interest rate increases. 
It is important to distinguish between preferred quanti-
ties ex ante and actual quantities ex post. Preferred sav-
ing ex ante may be different from preferred investment. 

It is then up to the real interest rate to achieve a balance 
so that these are equal ex post (point A on the chart). 
Globally – or in a closed economy – saving is always 
equal to investment ex post.

Changes in potential growth and the household rate 
of time preference lead to permanent changes in saving 
and investment behaviour and hence to changes in the 
long-term equilibrium real interest rate. A higher invest-
ment preference shifts the demand curve outwards in 
Chart 1 (from I0 to I1). The new and higher real interest 
rate level generates more saving, so that the increase 
in investment demand is covered. A new adjustment 
takes place at point B. One way of looking at this is that 
when investment demand increases, the economy needs 
a higher real interest rate in order not to overheat, and it 
can take the higher real interest rate without dampening 
the activity level. A higher saving preference shifts the 
saving supply outwards (from S0 til S1). A lower real 
interest rate leads to higher investment, which accord-
ingly absorbs the increase in the saving supply. A new 
adjustment takes place at point C. When the saving sup-
ply increases, the economy can take a lower real interest 
rate without overheating, and it needs a lower real inter-
est rate to prevent a dampening of the activity level.

The Ramsey model is stylised and most useful as a 
starting point for assessing long-term developments in 
the real interest rate. The model indicates a long-term 
relationship between potential growth and the real inter-
est rate.

3 A closer look at the neutral real 
interest rate
Definition
The concept “neutral real interest rate” is generally asso-
ciated with the real interest rate level which implies that 
monetary policy is neither expansionary nor contrac-
tionary. There is no definitive definition of the neutral 

6  In the Ramsey model, the saving ratio is determined by consumers maximising their utility. The expression in equation (1) is based on a simplified assumption that the utility function is logarith-
mic. This simplification makes the discussion somewhat simpler without losing the central points of the model. Blanchard and Fisher (1989) and Romer (2001) provide a more in-depth discussion 
of this question and the Ramsey model in general. Hammerstrøm and Lønning (2000) also provide a somewhat more detailed discussion.

7 Given the assumptions in footnote 6 it can be shown that MPC – v = r** = g + n + ρ, where MPC is the marginal productivity of capital (gross) and v is the depreciation rate of capital (Romer, 
2001). If, for the sake of simplicity, we assume that households’ rate of time preference is zero, the net marginal productivity of capital (MPC – v) must be equal to the real interest rate, which in 
turn must be equal to potential economic growth. The expression can be interpreted as an equilibrium condition. Suppose, for example, that the marginal return on capital increases as a result of 
technological advances. The marginal return on capital is then higher than the real interest rate, which provides an incentive for increased investment. As a result, investment demand increases, 
and the real interest rate rises.

Chart 1 Saving, investment and long-term real interest rate
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real interest rate, and there are a number of approaches 
to it in the literature.

Yellen (2005), president of the San Francisco Federal 
Reserve, states: “Conceptually, policy can be deemed 
“neutral” when the federal funds rate reaches a level 
consistent with full employment of labor and capital 
resources over the medium run.”

We accordingly define the neutral real interest rate as 
the real interest rate level, which in the medium term is 
consistent with a closed output gap. The output gap is 
defined as the difference between actual and potential 
output, which is the output level that is consistent with 
stable inflation over time. Chart 2 illustrates a hypo-
thetical path for the real interest rate and the output gap. 
The central bank sets the interest rate such that the mon-
etary policy objectives are expected to be achieved. In 
the medium term, the output gap is expected to stabilise 
at around zero.8

The neutral real interest rate can change over time. 
Yellen describes this as follows: “The value of [the 
neutral rate] depends on the strength of spending – that 
is, the aggregate demand for U S produced goods and 
services. Aggregate demand, in turn, depends on a 
number of factors. These include fiscal policy; the pace 
of growth in our main trading partners; movements in 
assets prices, such as stocks and housing, that influence 
the propensity of households to save and spend; the 
slope of the yield curve, which determines the level of 
long-term interest rates associated with any given value 
of the federal funds rate; and the pace of technological 
change, which influences spending...”

Yellen is referring here to different disturbances to 
the economy that may lead to changes in the neutral 
real interest rate. Disturbances to the economy may 
influence the prospects of closing the output gap in 
the medium term. Positive demand shocks of a certain 
duration tend to widen the output gap. To counteract 
this, and ensure that the output gap stabilises at around 

zero in the medium term, the real interest rate must 
increase. This means that the neutral real interest rate has 
increased. Similarly, negative demand shocks of a certain 
duration will tend to reduce the output gap. To counteract 
this, and stabilise the output gap at around zero in the 
medium term, the real interest rate must be reduced. This 
means that the neutral real interest rate has fallen.

The relationship between the long-term 
equilibrium real interest rate and the 
neutral real interest rate

Whereas the long-term equilibrium real interest rate is 
determined by factors such as productivity, population 
growth and long-term saving preferences, the neutral 
real interest rate is additionally influenced by various 
disturbances that influence the economy in the medium 
term. Examples are temporary changes in fiscal policy 
and in consumer and investment demand. The relation-
ship between the long-term equilibrium real interest rate 
and the neutral real interest rate is illustrated in Chart 3. 
The neutral real interest rate can be envisaged as mov-
ing around and towards the long-term equilibrium real 
interest rate over time (in the absence of new shocks).9

The relationship between the neutral and 
the actual real interest rate
In the event of stickiness of wage and price formation, 
the central bank can influence the real interest rate and 
economic developments by changing the policy rate. 
The real interest rate may therefore deviate from the 
neutral level, depending on how the central bank seeks 
to orient monetary policy. This in turn depends on the 
central bank's trade-off between different objectives, 
such as stable inflation on the one hand, and stable out-
put and employment on the other.

Chart 2 Output gap and real interest rate

Neutral real interest rate

Output gap stable around zero

Time

r*

0

Actual real interest rate

Output gap

8  “Medium term” is not clearly defined at the outset. To provide some idea of the time perspective, the medium term can probably be thought of as a horizon of from 1–2 years and up to 5–6 years. 
“Medium term” may therefore be different from the central bank’s horizon for achieving the monetary policy objectives, such as that inflation shall be at a particular level.

9  New-Keynesian theory can be used to shed more light on this relationship. In these models, the neutral real interest rate is interpreted as the real interest rate that would have prevailed if wages 
and prices had been flexible also in the short to medium term. In general, the neutral real interest rate will depend on all disturbances that influence the supply and demand side of the economy (see 
Appendix 1 for a more detailed discussion).

Chart 3 Illustration of possible relationship between long-term 
equilibrium real interest rate and neutral real interest rate over time
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In summary, the three real interest rate concepts are 
related as follows:

• Long-term equilibrium real interest rate: Determined 
by economic fundamentals such as long-term saving 
behaviour, productivity and population growth.

• Neutral real interest rate: Determined by all the 
disturbances to the economy that influence the pros-
pect of closing the output gap in the medium term. 
These include the fundamentals that determine the 
long-term equilibrium real interest rate, but also dis-
turbances of a more temporary nature.

• Actual real interest rate: Determined by the central 
bank’s desire to conduct an expansionary or con-
tractionary monetary policy. When economic distur-
bances occur, the central bank sets the real interest 
rate lower or higher than the neutral level with a 
view to stabilising the economy so that monetary 
policy objectives are achieved.

4 The neutral real interest rate in a 
small open economy
The definition of the neutral real interest rate – “the real 
interest rate level, which in the medium term is consistent 
with a closed output gap” – also holds for a small open 
economy. However, a small open economy is heavily 
influenced by global factors. One possible point of depar-
ture for discussing interest rates in a small open economy 
is risk-adjusted uncovered interest rate parity:

(2)  iD = iG + (ee – e) + rp

In this equation, iD is the domestic interest rate, iG is 
the global interest rate, e is the exchange rate, ee is the 
expected future exchange rate and rp is a risk premium. 
The exchange rate is defined as the number of units of 
the domestic currency that must be paid for one unit 
of the foreign currency. When the price of a foreign 
currency is expected to rise, the domestic currency is 
expected to depreciate, i.e., (ee – e) > 0.10

When the risk premium is zero, uncovered interest rate 
parity holds. The expected return on investing globally 
(measured in domestic currency) is then equal to the 
return on investment in the home country. If the expect-
ed return on global investment differs from the return 
on domestic investment, investors will shift toward 
investments yielding the highest returns. Suppose, for 
example, that the global interest rate falls. Domestic 
fixed-income securities will then be more attractive to 
both domestic and foreign investors. Demand for them 
will increase, leading to both lower domestic interest 
rates and an appreciation of the domestic currency.

The risk premium does not have to be zero.11 As a 
result of factors relating to the risk premium, exchange 
rate and expected exchange rate, global and domestic 
interest rates do not necessarily move entirely in pace 
with one another. Nevertheless, interest rate parity 
provides a reasonable explanation for why domestic 
interest rates are influenced by global interest rates: If 
finical market participants anticipate large differences 
in expected returns in different countries, they will tend 
to make portfolio changes that reduce the difference in 
expected return.

Normally the relationship between global and domes-
tic interest rates will be stronger for long-term rates than 
for short-term rates (see Charts 4 and 5). Long-term 
interest rates are largely determined by expected growth 
and by inflation expectations, which do not necessarily 
differ substantially across countries. Short-term rates 
are largely determined by a country’s monetary policy, 
which may differ depending on the cyclical phase of the 
country’s economy at the time.

10 In equation (2) the exchange rate is expressed in logarithmic form.
11  If the risk premium is not zero, it means that investors are willing to hold both domestic and foreign fixed-income securities, even if the expected return on the two is different.

Chart 4 3-month money market rate. Monthly figures. Norway, the US, 
the euro area and Sweden
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Chart 5 10-year yield. Government bonds. Monthly figures. 
Norway, the US, the euro area and Sweden

0

2

4

6

8

2000 2001 2002 2003 2004 2005 2006
0

2

4

6

8
Norway
US
Euro area
Sweden

Source: EcoWin

55



E c o n o m i c  B u l l e t i n  2 / 2 0 0 7

56

Just as global nominal interest rates may influence 
domestic nominal interest rates, global saving and 
investment behaviour and the global neutral real inter-
est rate may influence the neutral real interest rate in a 
small, open economy. There is no simple relationship 
between the global neutral real interest rate and the neu-
tral real interest rate in a small, open economy. The rela-
tionship will depend on how the economies function, 
and the disturbances to which they are exposed. Global 
disturbances may have ripple effects for the demand 
and supply sides of a small, open economy, and thereby 
contribute to output deviating from potential output. 
Disturbances arising in a small, open economy will not 
normally affect economic developments in the rest of 
the world. A detailed analysis of these relationships will 
require a model of the global economy and the domestic 
economy. We will confine ourselves here to pointing to 
some mechanisms which may contribute to an under-
standing of how the neutral real interest rate in a small, 
open economy can be influenced by global factors.

Our starting point is a stylised relationship between 
demand for fixed investment and the supply of real 
saving globally and at home, assuming unrestricted and 
cost-free trading of goods and services. Movements of 
capital between countries are disregarded in order to 
highlight some central points which will also apply in 
a pure barter economy. The analysis is then expanded 
to include movements of capital between countries (a 
portfolio theory approach).

Chart 6 shows demand for real investment and the 
supply of real savings globally and domestically. The 
small country cannot influence the global interest rate 
(r*), and must take it as a given. This means that all 
investment and saving in the small country take place at 
the global real interest rate. It is initially assumed that 
saving is equal to investment, both globally and domes-
tically (point A). This means that the balance of trade 
is zero for both “countries”.12 It is further assumed that 
the real interest rate is the same as the neutral rate both 
at home and abroad.

A higher global saving preference shifts the global 
saving supply curve outwards (from S*0 to S*1). This 
pushes global real interest rates down (from r*0 to r*1) 
and increases global investment demand, which absorbs 
the increase in the global saving supply. The domestic 
real interest rate will then fall, providing an incentive 
to reduce saving (point B’) and increase fixed invest-
ment (point B’’). The difference between investment 
and saving is equal to the trade deficit. Output remains 
equal to potential output in the small country because 
the increase in investment demand is covered by higher 
imports.13

To provide a better understanding of the dynamics 
in a small open economy when there is a preference 
to increase global saving, the analysis is broadened to 
include capital movements (see Chart 7). Initially, the 
neutral global real interest rate is equal to the neutral 
domestic real interest rate (r1). The global neutral real 
interest rate is assumed to fall to r2.

• If the domestic interest rate remains unchanged at r1, 
the difference against the global rate will increase. 
This will contribute to an appreciation of the domestic 
currency. The appreciation will dampen demand and 
reduce the output gap in the medium term in the home 
country. An unchanged real interest rate can therefore 
not be an equilibrium: the neutral real interest rate 
must have fallen. The question is, by how much.

• If the domestic real interest rate is reduced as much 
as the global real interest rate (r2) , the interest rate 
differential between them will remain unchanged. It 
is then reasonable to assume that the nominal and 
the real exchange rate will also remain unchanged. 
However, a lower domestic real interest rate will 
have an expansionary effect. Unless the entire 
increase in demand is covered by imports, the output 
gap will increase in the medium term. The export 
and import pattern will change slowly over time, 
while interest and exchange rates will adapt rapidly 

12 From economic theory and national accounts we know that R=C+I+(A–B), where the letters stand for production, consumption, investment, exports and imports, in 
that order. Moreover, S=R–C, where S is saving. It follows from this that S=I+(A–B), i.e. that a country can save through fixed investment or by having a balance of 
trade surplus. When saving is equal to investment, the balance of trade is zero (for the sake of simplicity we do not distinguish here between the trade balance and the 
current account).

13 In practice some frictions arise, as a result of which the domestic real interest rate will be different from the global rate. For example, a small open economy can prob-
ably not accumulate a trade deficit without having to pay a higher risk premium. It is commonly assumed that the risk premium – and accordingly the real interest rate 
– increases with a country’s debt.

Chart 6 Effect of lower global neutral real interest rate. Real economic approach
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Chart 7 Effect of lower global neutral real interest rate. Portfolio approach
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to a new equilibrium in a world with well developed 
capital markets. It therefore appears more realistic 
to assume that a combination of a lower real inter-
est rate and a stronger real exchange rate is what is 
required to stabilise the output gap in the medium 
term in a world with free capital movements.

• It therefore appears reasonable that the new level 
for the domestic neutral real interest rate should lie 
somewhere between the old global level (r1) and the 
new global level (r2), for example r3. A domestic real 
interest rate fall from r1 to r3 will have an expansion-
ary effect and contribute to a larger output gap. The 
fact that the interest rate differential is positive (r3 
> r2) contributes to strengthening the real exchange 
rate and reducing the output gap. It is conceivable 
that these effects are offsetting so that that the overall 
monetary policy stance remains unchanged and con-
sistent with a closed output gap in the medium term.

5 Estimation of the long-term equi-
librium real interest rate and neutral 
real interest rate
Potential growth and long-term equilib-
rium real interest rate

Potential growth may be of importance to both the 
long-term equilibrium real interest rate and the neutral 
real interest rate. Table 1 shows average growth and the 
average real interest rate from1986 and 1994 for the G7 
countries and Norway. The general picture is that aver-
age growth lies in a range from just under 2.5 per cent 
to just over 3.0 per cent. The interval for the real interest 
rate is somewhat larger.

Table 1 Growth and short-term real interest rate for the G7 
countries and Norway*
  G7 Norway

 Growth Real interest rate Growth Real interest rate

1986–2006 2,6  2,5  2,4  4,6
1994–2006 2,5  1,6   3,1  3,0

* Growth is measured as average four-quarter growth over the period 
in question. The real interest rate is a short-term nominal interest rate 
deflated by consumer prices. The G7 countries are Canada, France, 
Germany, Italy, Japan, the UK and the US.

Sources: EcoWin and Norges Bank

The European Central Bank (ECB) estimates potential 
growth in the euro area to lie in the lower end of the 
range, 2–21/2 per cent14, while it is widely believed that 
the growth potential in the US is somewhat higher, at 
about 3 per cent.15 In Norway, potential growth is esti-
mated at about 21/2 per cent.16 The estimates for poten-
tial growth and the long-term equilibrium real interest 

rate are highly uncertain. The overall impression is that 
for both Norway and the G7 countries, the long-term 
equilibrium real interest rate normally appears to be 
in a range around 21/2–31/2 per cent. Assigning a more 
precise estimate would be to over-rate the methods and 
possibilities available for estimating the long-term equi-
librium real interest rate.

Methods for estimating the neutral real 
interest rate

There are a number of methods for assessing the neutral 
real interest rate (see Giammarioli and Valla (2004) for 
an overview). One possible estimate of the neutral real 
interest rate is the average of historical real interest 
rates. If the neutral real interest rate is constant over 
time, an average of historical real interest rates over an 
entire business cycle will provide an indication of the 
level of the neutral real interest rate. The problem with 
the method is that the neutral real interest rate cannot be 
assumed to be constant over time. It can also be difficult 
to decide when a business cycle starts and ends.

Other methods attempt to measure market participants’ 
expectations regarding future short-term real interest 
rates. This is done by means of real return bonds, mar-
ket surveys (for example by Consensus Forecasts) and 
by estimating market participants' future interest rate 
expectations via market rates (implied rates17). The 
shortcoming of these methods is, first, that they do not 
necessarily capture market participants' actual interest 
rate expectations, and second that market participants' 
future interest rate expectations may deviate from the 
neutral real interest rate.

One commonly used method for estimating the neu-
tral real interest rate is to specify an econometric model, 
combine actual data and a priori assumptions about 
developments in the unobservable variables (often other 
unobservable variables, such as potential output and 
equilibrium unemployment, are also included), and to 
use the Kalman filter to estimate the neutral real inter-
est rate. The problem with the method is that the model 
that forms the basis for the calculations is often highly 
simplified compared with reality. The estimates are 
generally sensitive to a number of technical choices in 
the estimation process, and are therefore shrouded in 
uncertainty.

The neutral real interest rate can also be estimated 
using dynamic stochastic general equilibrium (DSGE) 
models, which are often based on New-Keynesian the-
ory. In these models, the participants are forward-look-
ing, while the central bank sets the interest rate with a 
view to stabilising inflation and output over time. Wages 
and prices are sticky in the short term, but flexible in 
the long term. If the assumption about sticky nominal 
wages and prices is relaxed, the flexible price version of 

14 See ECB (2005) and Trichet (2005).
15 See for example Financial Times (2006a, 2006b) and the IMF (2006).
16 This is Norges Bank’s estimate of potential mainland growth in Inflation Report 3/06.
17 For estimation and interpretation of implied rates, see Kloster (2000) and Myklebust (2005).
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the model emerges, i.e. the developments in economic 
variables that would have occurred if all prices had been 
flexible. In these models, the neutral real interest rate 
is interpreted as the real interest rate that applies in the 
“flexible price” version (see Appendix 1). This method 
of estimating the neutral real interest rate is on the one 
hand theoretically appealing, as there is a relationship 
between the neutral real interest rate and other variables, 
like the output gap, which is consistent with theory. This 
is not necessarily the case with the other more “tradi-
tional” methods described above. On the other hand, 
a model with quantified coefficients is required. The 
model does not necessarily have to be true to reality. 
The estimate of the neutral real interest rate is therefore 
sensitive to the choice of model and the estimation 
and calibration of the model’s parameters. For further 
details, see Gali (2002) and Giammarioli and Valla 
(2004). Amato (2005) discusses some differences in the 
“flexible price” solution for the neutral real interest rate 
and more traditional empirical methods.

It is clear from the above that there is no simple meth-
od for estimating the neutral real interest rate. A number 
of methods exist, and there is uncertainty attached to all 
of them. Nevertheless, the literature, in which a broad 
range of different methods are used, can generally con-
tribute to providing an overall picture of the magnitude 
of the neutral real interest rate.

Estimates of the global neutral real 
interest rate

The ECB (2004) points out that many estimates of the 
neutral real interest rate in the euro area lie in the interval 
2–3 per cent, but also refers to the substantial uncertainty 
associated with the estimates. The ECB argues that the 
neutral real interest rate in the euro area may have fallen 
in the past 10–15 years as a result of lower productivity 
and population growth in the euro area, the elimination 
of exchange rate risk within the euro area after the intro-
duction of a common currency, improved public finances 
prior to the implementation of the common currency and 
a fall in the inflation risk premium due to a fall in infla-
tion expectations to a stable, low level.18

Giammarioli and Valla (2003) present arguments for 
a gradual fall in the neutral real interest rate in the euro 
area, from about 4 per cent in the mid-1990s to around 
3 per cent in 2000. Cuaresma, Gnan and Ritzberger-
Gruenwald (2003) indicate that the neutral real interest 
rate in the euro area has fallen somewhat since 2000, 
and propose a level of around 2 per cent at the end of 
2002. Garnier and Wilhelmsen (2004) also find that the 

neutral real interest rate has fallen in recent years, both 
in the euro area and in Germany. Goldman Sachs (2004) 
maintains that the neutral real interest rate in the euro 
area has fallen over the past 15 years, and estimates it at 
around 2 per cent in October 2004.

Laubach and Williams (2003) estimate the neutral real 
interest rate in the US from the early 1960s up to 2002. 
They find that the neutral real interest rate has fallen 
gradually over time. A possible explanation for this 
trend may be a fall in the inflation risk premium. Aside 
from the general fall in the long-term trend, Laubach 
and Williams find that the neutral real interest rate was 
temporarily low in the mid-1990s, but rose in the latter 
half of this decade. A widely accepted explanation for 
the latter is the high productivity growth (new economy 
wave) of the latter half of the 1990s. In the first few 
years of this century, the neutral real interest rate in 
the US fell, which can be explained by the sharp fall in 
equity prices and slower growth in these years. Laubach 
and Williams estimate the neutral real interest rate in the 
US at about 3 per cent in mid-2002. The OECD (2004) 
updates the Laubach and Williams study, and finds that 
the neutral real interest rate in the US may be just over 
2 per cent at the end of 2004.19

In a speech given in October 2004, Roger W. Ferguson 
refers to a fall in US interest rates from 2001 to 2004, 
and points out that even though short-term real inter-
est rates fell substantially, the neutral real interest rate 
fell at the same time. Factors contributing to the fall in 
the neutral real interest rate included: “... an unusual 
hesitancy on the part of businesses to hire and spend 
emerged in 2001 after the collapse of equity prices ... 
and ... the restraint imposed on domestic consumers 
from an increase in the cost of energy.”20

Manrique and Manuel Marques (2004) estimate the 
neutral real interest rate in the US and Germany from 
the mid-1960s to the end of 2001. Their results for the 
US are comparable with those of Laubach and Williams. 
Whereas the neutral real interest rate rose somewhat in 
the latter half of the 1990s, it fell in the years imme-
diately after the turn of the century. Towards the end 
of 2001 it was estimated at about 2½ per cent. Amato 
(2005) argues that the neutral real interest rate in both 
the US and the euro area may be in the range 2½–2¾ per 
cent, which is consistent with the estimates of the BIS 
(2005). Goldman Sachs (2005) estimates the neutral real 
interest rate in the US at about 2.5 per cent. Wu (2005) 
argues that the neutral real interest rate in the US has 
varied between 4 and 2 per cent since the 1960s and that 
it was around 2½ per cent in early 2005.

The neutral real interest rate is also mentioned from 

18 Uncertain future inflation may lead to an inflation risk premium and higher real interest rate. The nominal interest rate can be expressed as i = re + πe + rpπ + rpterm, 
where i is the nominal interest rate, re is the expected real interest rate, πe is expected inflation, rpπ is an inflation risk premium and rpterm is the term premium. While 
the term premium reflects the extra expected return investors require for investing in fixed-income securities with a long maturity, the inflation risk premium reflects 
the extra expected return they require because future inflation is uncertain. Uncertain future inflation makes the real value of investments uncertain. Investors may 
require extra compensation – a risk premium – for this. As inflation fell in the 1980s and 1990s, so that inflation expectations became entrenched at a low and stable 
level, it is reasonable to believe that the inflation risk premium also fell, which contributes to a lower real interest rate.

19 Laubach and Williams (2003) are the first to use the Kalman filter to estimate the neutral real interest rate, and the article is one of the most widely quoted works in 
the empirical literature on the neutral real interest rate. A number of subsequent studies for both the US and other countries are based on the “Laubach and Williams 
method”. The estimates are very uncertain and sensitive to a number of choices associated with the method. Ferguson (2004) therefore maintains, with reference to 
Laubach and Williams’ estimates, that “... clearly, this estimate is not measured sufficiently precisely to be a useful guide to policy ...”.

20 See Ferguson (2004). Ferguson was Vice Chairman of the US Federal Reserve Board from 1999–2006.
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time to time in the press. The Financial Times (2005) 
refers to a neutral nominal policy rate (the federal funds 
rate): “... generally seen as a range centred around 4¼ 
per cent ..., and ... the central bank’s presumed 1–2 per 
cent comfort range based on the core personal consump-
tion expenditure measure ...”. This implies a neutral real 
interest rate of around 2.75 per cent. In an article of 12 
July 2004, the same newspaper refers to Robert Parry, 
former president of the San Francisco Federal Reserve, 
who is of the opinion that an estimate of the neutral 
real interest rate may be: “... the average for the real 
federal funds since the 1960s of 2.5–3.5 per cent.” If 
we take account of the widespread view that the neutral 
real interest rate has fallen gradually during this period, 
Parry’s lower limit may be a reasonable estimate.

There are also studies for other countries. Björksten 
and Karagedikli (2003) and Lam and Tkacz (2004) 
present arguments for a fall in the neutral real interest 
rate in New Zealand and Canada, respectively. Brzoza-
Brzezina (2006) finds that the neutral real interest rate is 
somewhat higher in Poland than in the US and the euro 
area. Sveriges Riksbank (2006) finds that 3½–5 per cent 
may be a reasonable range for the neutral nominal key 
rate in Sweden.

Estimates of the neutral real interest rate 
in Norway

We shall look more closely at the neutral real interest 
rate in Norway. Chart 8 shows developments in infla-
tion, measured by changes in consumer prices and the 
short-term real interest rate since 1987. The chart also 
shows an estimate of long-term inflation expectations 
since the early 1990s. It is reasonable to believe that, 
as inflation became entrenched at a low level in the 
1990s, long-term inflation expectations became simi-
larly entrenched. The long-term inflation expectations 
are measured by average inflation up to the time when 
the inflation target was introduced in March 2001 (about 
2 per cent), thereafter by the inflation target of 2.5 per 
cent. Low and stable inflation has probably contributed 
to a permanent fall in the inflation risk premium and 
accordingly the neutral level. In the past 10–12 years, 
the real interest rate has largely ranged from just under 
1 per cent to just over 6 per cent. High values for the 
real interest rate indicate that it has been higher than the 
neutral real interest rate, while low values indicate that 
it has been lower than the neutral level.

Chart 9 shows implied long-term forward rates de-
flated by long-term inflation expectations. The starting 
point for the calculation is nominal implied five-year 
rates five years ahead, which is an estimate of market 
participants’ expectations regarding the future nominal 
interest rate. To the extent that implied rates are unaf-
fected by cyclical factors, they may reflect the expected 
interest rate level when the output gap is closed in the 
future. This measure of market participants’ expected 

real interest rate five years ahead has ranged from just 
over 1 per cent to about 4 per cent in the last 7–8 years. 
In recent years it has fallen, and is now about 2 per cent. 
As discussed above, implied interest rates do not neces-
sarily provide a reliable estimate of market participants’ 
interest rate expectations, and their expectations regard-
ing the future real interest rate may differ from the neu-
tral real interest rate. Implied interest rates, in particular, 
may partly reflect cyclical factors and as a result not be 
entirely in line with the interest rate level that is consist-
ent with a closed output gap in the medium term.21

A Taylor rule can also be used as the starting point 
for estimating the neutral real interest rate. A rule of 
this kind says something about how the interest rate 
should be set, depending on the size of the inflation gap 
(inflation less the inflation target) and the output gap. 
When both gaps are zero, the interest rate should be set 
at the neutral rate. The constant in the Taylor rule can 
therefore be interpreted as the neutral nominal interest 
rate. We have estimated a Taylor rule for Norway for the 

21 This is also pointed out by First Securities (2006).

Chart 8 Inflation measured by the consumer price index, long-term 
inflation expectations and short-term real interest rate*. Norway. 
Quarterly figures
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period 1997–2006, in which the estimate of the neutral 
nominal 3-month interest rate is just under 6 per cent. 
When the inflation target of 2.5 per cent is subtracted, 
this implies an estimated neutral real interest rate of 
just over 3 per cent on average over the whole period. 
Alternatively, the Taylor rule can be solved for the con-
stant for given values of the coefficients of inflation and 
the output gap.22 Measured in this way, the neutral real 
interest rate has ranged in the last couple of years from 
just under 2 per cent to just over 3 per cent (see Chart 
10).23 There is considerable uncertainty associated with 
these methods. Central banks never set the interest rate 
solely on the basis of a Taylor rule. In consequence, 
mechanical calculation of the constant will not neces-
sarily produce a reliable estimate of the neutral real 
interest rate. In Chart 10, for example, the estimated 
neutral real interest rate around the peak in 2002/2003 is 
clearly too high, and reflects the actual interest rate set-
ting rather than the level of the neutral real interest rate.

Chart 11 shows an estimate of the neutral real interest 
rate in Norway which has been arrived at by specifying 
a very simple econometric model and estimating the 
neutral real interest rate by means of the Kalman filter. 
The chart indicates that the neutral real interest rate 
may now be less than 2½ per cent. For a more detailed 
discussion of the method, see Appendix 2.

The methods used above do not provide an exact esti-
mate of the neutral real interest rate in Norway, which 
we estimate will normally lie in the interval 2½–3½ per 
cent. In recent times, with low real interest rates glo-
bally, we cannot exclude the possibility that it may be 
even lower. In recent years, historical real interest rates 
have moved around this range. Moreover, the methods 
based on implied interest rates, the Taylor rule and the 

Kalman filter are consistent with this level.
The estimates of the neutral real interest rate in 

Norway have been reduced over time. On the basis of 
historical data, Hammerstrøm and Lønning (2000) find 
that 3–4 per cent may be a reasonable range for the 
neutral real interest rate in Norway. In view of develop-
ments in estimates for the global neutral real interest 
rate and different estimates for the neutral real inter-
est rate in Norway, it appears reasonable to revise this 
somewhat downward. A lower inflation risk premium, 
in particular, may have contributed to this (see footnote 
18). After a period of falling inflation in the 1980s, it 
took some years before inflation became entrenched 
at a low and stable level (see Chart 8). From the mid-
1990s, it is reasonable to believe that the inflation risk 
premium has been considerably lower than in the 1980s 
and early 1990s. This points towards a lower neutral 
real interest rate.

6 Conclusions

Whereas the long-term real interest rate is determined 
by economic fundamentals such as potential growth and 
private saving behaviour, the neutral real interest rate 
is additionally affected by disturbances of a more tem-
porary nature which influence the supply and demand 
sides of the economy.

The neutral real interest rate can be defined as “the real 
interest rate level which in the medium term is consistent 
with a closed output gap”. Protracted disturbances to the 
economy may affect the prospects of closing the output 
gap in the medium term. For example, expansionary 
shocks will tend to widen the output gap. This means that 

22 This method is used by Sveriges Riksbank (2006).
23 The estimated Taylor rule is given by i3M = 5,7 + 2,2 (π – π*) + 0,3 (Y–Y*), where i3M,  (π – π*) and (Y–Y*) are the three-month nominal money market rate, the 

inflation gap and the output gap, respectively. In order to provide a sufficiently long period for estimating the equation, we have used quarterly data since 1997, i.e. be-
fore inflation targeting was introduced in March 2001. The starting point was chosen partly because it was “from this point in time [January 1997] that daily quotations 
and month-to-month variations in the exchange rate show that the krone is floating.” (Gjedrem, 2000). The output gap coefficient is not significantly different from 
zero, and sensitive to the estimation period that has been chosen. The other coefficients are significantly different from zero. The magnitudes of the coefficients appear 
reasonable and are in line with estimates for other countries. In the calculations upon which Chart 10 is based, the inflation gap coefficient is 1.5, while the output gap 
coefficient is 0.5. These are the same coefficients as used by Taylor (1993).

Chart 10 Short-term real interest rate* and estimated neutral real interest 
rate based on the constant in a Taylor rule. Norway. Quarterly figures
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the neutral real interest rate has increased. The neutral 
real interest rate may deviate from the long-term equili-
brium real interest rate, but will vary and, in the absence 
of new shocks, move towards the long-term equilibrium 
real interest rate over time.

Because of free movements of capital between countri-
es, the interest rates in a small open economy, including 
the neutral rate, are dependent on global interest rates. 
However, there is no simple relationship between the 
global neutral real interest rate and the neutral real inte-
rest rate in a small, open economy. The relationship will 
depend on how the economies function, and the shocks to 
which they are exposed. Global shocks may have ripple 
effects for the demand and supply sides of a small, open 
economy – which may affect the prospects of closing the 
output gap in the medium term.

In a small, open economy, exchange rate factors may 
influence the neutral real interest rate. It is the overall 
orientation of monetary policy – the combination of the 
real interest rate and the real exchange rate – which is 
decisive for economic activities and hence for the pro-
spects of closing the output gap in the medium term. In 
isolation, a stronger exchange rate will dampen economic 
activity. The prospects of closing the output gap in the 
medium term must therefore be assessed in the light of 
the effect that assumed interest rate movements abroad 
and in Norway have on the exchange rate.

There are several methods for estimating the neutral 
real interest rate, but there is substantial uncertainty 
attached to all of them. Nevertheless, a broad spectrum of 
methods can provide a picture of the range in which the 
neutral real interest rate lies. An overall evaluation implies 
that a range of around 2½–3½ per cent may normally be 
regarded as covering both the long-term equilibrium real 
interest rate and the neutral real interest rate in Norway. 
In recent times, with low real interest rates globally, we 
cannot exclude the possibility that the neutral real inte-
rest rate in Norway may be even lower. The neutral real 
interest rate, both globally and in Norway, has probably 
fallen compared with the 1980s and the first half of the 
1990s. One reason for this is probably lower inflation 
risk premia as inflation and inflation expectations have 
become entrenched at a low and stable level.

Appendix 1. New-Keynesian theory 
on the neutral real interest rate
In New-Keynesian models, the output gap is interpreted 
as the difference between overall output and the level of 
output that is consistent with flexible wages and prices 
(hereafter called potential output).24 The neutral real 
interest rate can thus be interpreted as the real interest 
rate that applies when wages and prices are flexible. A 
strength of this definition is that there is a theoretically 
consistent relationship between the neutral real interest 

rate and other variables in the economy, such as the out-
put gap. A weakness is that the neutral real interest rate 
in such models is sensitive to the model specification. 
Woodford (2003) has pointed out that it may be optimal 
in terms of welfare to use monetary policy to steer the 
economy towards equilibrium with flexible prices.25

Developments in the economy based on a New-
Keynesian model can be expressed by two equations, 
one for the output gap, xt (the IS curve), and one for 
inflation (the Phillips curve), πt, see equations (1) and 
(2) respectively.

(1)  xt = Etxt+1 – σ (it – Et πt+1 – rt*)

(2)  πt = β Etπt+1 + κ xt

The IS curve is based on the Euler equation for opti-
mal adaptation of private consumption over time, where 
it is the short-term nominal interest rate and Et πt+1 is 
expected inflation in the next period. The coefficient 
(σ) expresses the intertemporal substitution elastic-
ity, i.e. how much consumers are willing to postpone 
consumption if the real interest rate increases by one 
percentage point. The difference (it – Et πt+1) expresses 
the short-term real interest rate (ex ante), while rt* is the 
neutral real interest rate. Output depends one-to-one on 
expected output, because households want to smooth con-
sumption over time. When the real interest rate is higher 
than the neutral real interest rate or is expected to be in the 
future, this will contribute to reduced consumption and a 
smaller output gap. The Phillips curve is based on optimal 
wage and price setting. The coefficient β can be interpreted 
as enterprises’ discount factor, which is normally assumed 
to be close to 1. When the output gap increases, it adds 
to pressure on wages and prices because wage earners 
demand higher real wages for working more (because  
κ > 0), and enterprises will increase prices because pro-
duction costs are assumed to increase at the margin.

In the short and medium term, monetary policy can 
be used to stabilise developments in output and prices. 
As a result of the implied and explicit costs associated 
with changes in prices and wages, it may take time 
before economic disturbances feed fully through to 
prices and wages. By adjusting the nominal interest rate 
(it) and having a rule for how the interest rate should be 
adjusted in the future, the central bank can influence the 
real interest rate and market participants' expectations. 
If, however, wages and prices are fully flexible, the cen-
tral bank has no part to play in stabilisation policy. The 
reason is that a change made by the central bank in the 
nominal interest rate will lead to an equivalent change 
in expected inflation, so that the real interest rate is not 
affected. The real interest rate will thus always be equal 
to the neutral real interest rate when prices and wages 
are flexible.
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In this model, disturbances to the supply and 
demand sides of the economy lead to changes in the 
neutral real interest rate. Thus disturbances that lead to 
an increase in the neutral real interest rate imply that 
monetary policy may be perceived as expansionary. It 
may therefore be necessary to increase the policy rate in 
order to avoid pressure on wages and prices. The neutral 
real interest rate can be written (see Gali, 2002)26:

(3)  rt* = ρ + ρaΔat + (1 – ψg)(1 – ρg)gt

The neutral real interest rate can be divided into three 
components:

• Household demand/discount factor (ρ): If house-
holds place a high value on consumption now, 
relative to consumption in the future, this discount 
factor will be higher. A higher real interest rate will 
then be necessary to ensure that overall demand is 
not higher than potential output.

• Productivity growth (Δat): When productivity growth 
increases, so does the neutral real interest rate. The 
persistence of a productivity growth shock depends 
on ρa (0<ρa<1). Over time, increased productiv-
ity means increased output and income. Since the 
households in this model prefer to smooth their con-
sumption over time, they will increase consumption 
immediately when their lifetime income increases. 
The real interest rate will therefore have to rise to 
ensure that demand does not increase more than 
potential output. The more persistent the produc-
tivity growth shock is (ρa is higher), the more the 
neutral real interest rate will increase. It follows from 
this that a one-off change in the productivity level  
(ρa = 0) will not change the neutral real interest rate.

 Empirically, however, there is little to indicate that 
consumption changes suddenly as a result of, for exam-
ple, a change in productivity growth. The model above 
can be expanded to include an assumption of habit per-
sistence in consumption.27 This means that consumption 
and the neutral real interest rate will increase less in 
connection with a higher lifetime income than without 
such a condition. If productivity growth increases while 
habit formation remains strong, the neutral real interest 
rate may fall to motivate households to increase their 
demand as much as potential output. Otherwise there 
will be idle economic resources.

• Demand shock (gt): When public authorities increase 
their demand, this also contributes to a rise in the 
neutral real interest rate. If the demand shock is 
permanent (ρg approaches 1), the real interest rate 
increases less. The reason is a condition in this 
model relating to balanced government budgets. 
Permanently increased public sector demand means 
higher taxation, lower household lifetime income, 
and hence lower private consumption.

 If the labour market is not very flexible (ψg 
is low), the labour supply and hence potential 
output will only increase slightly when public sec-
tor demand increases. The real interest rate must 
accordingly increase more to prevent total demand 
from being higher than potential output.

The neutral real interest rate will therefore depend on 
both short-term and long-term disturbances that influ-
ence the supply and demand side of the economy. The 
above model can be expanded to include fixed invest-
ment and capital, but this will not have any significant 
impact on the qualitative results.

Appendix 2. Estimating the neutral 
real interest rate with a Kalman filter
The neutral real interest rate cannot be observed. A  
method frequently used to estimate unobservable vari-
ables is the Kalman filter. By combining actual data and 
a priori assumptions about developments in unobservable 
variables, the Kalman filter provides estimates of the 
latter. The neutral real interest rate is defined as the real 
interest rate level which is consistent in the medium term 
with a closed output gap. According to economic theory, 
the neutral real interest rate will depend on unobservable 
variables such as time preferences and growth in poten-
tial output. Empirical studies seek to use these relation-
ships to estimate the neutral real interest rate at the same 
time as other unobservable variables (see for example 
Laubach and Williams (2003), Garnier and Wilhelmsen 
(2004) and Larsen and McKeown (2004)).

In this article, we use the Kalman filter to estimate the 
neutral real interest rate with a highly simplified econo-
mic model as the starting point. First, we assume that the 
real interest rate (rt) can be split into a trend component 
(rt*) and a cyclical component (et) (see equation (1)):

(1)  rt = rt
* + et  where et ~ N(0, σe

2      )

The trend component is defined here as the neutral real 
interest rate. We furthermore assume that the neutral 
real interest rate depends on a constant (μ), which can 
be interpreted as a long-term equilibrium real interest 
rate, and disturbances (zt) which cause the neutral real 
interest rate to deviate from the long-term equilibrium 
real interest rate. The disturbances are assumed to fol-
low an AR1 process, i.e. they depend on the disturban-
ces in the previous period and any new shocks in the 
current period (εt).

(2)  rt* = μ + zt 
(3)  zt = ρzt–1 + εt where εt ~ N(0, σε2  )

These three equations can be used alone to estimate the 
neutral real interest rate and can thus be regarded as a 
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the Euler equation of expanding the household utility function to include this habit formation.



one-sided Hodrick-Prescott filter, because the filter does 
not use information about the real interest rate ahead in 
time to estimate the real interest rate today. However, we 
also want to use information about a possible economic 
relationship to estimate the neutral real interest rate and 
assume that the output gap (xt) depends on the real inte-
rest rate gap (rt – rt*) as follows:

(4) xt = αxt–1 – β(rt–1 – r*t–1) + ηt where ηt ~ N(0, ση
2  )

This equation is a simplified version of the IS curve in 
Norges Bank's macroeconomic model (see Husebø et al. 
(2004)). By setting up these equations in “state-space” 
format, we can estimate the parameters (ρ, α and β), the 
standard deviation of the shocks et, εt and ηt and calculate 
the neutral real interest rate.28 We take the output gap 
from Inflation Report 3/06 as given, and therefore do not 
estimate this variable. We place restrictions on the variance 
of the shocks (ση

2  =2.5, σe
2 =0.02 and σε2 =0.02) to ensure 

a relatively smooth path for the neutral real interest rate. 
These restrictions also contribute to the neutral real inte-
rest rate being influenced by both actual developments in 
the real interest rate and the economic relationship (4). 
Without these restrictions, the neutral real interest rate 
has a tendency to be estimated as equal to the actual real 
interest rate or the long-term equilibrium real interest 
rate. This is because the model (1)–(4) is very simple. 
The long-term equilibrium real interest rate (μ) is assu-
med here to be constant over time and is set at 2.5, and 
can be regarded as a measure of underlying productivity 
growth in the Norwegian economy.

Table 1 Parameter estimates
Parameter Estimate Standard deviation

α 0.97 0.006

β 0.17 0.005

ρ 0.99 0.001

The parameter estimates for the period 1981 Q1 – 2006 
Q3 are shown in Table 1. They show that the output gap 
is strongly dependent on the output gap in the previous 
period, and that the real interest rate gap has a negative 
impact on the output gap. The coefficient ρ is approxi-
mately equal to 1, which means that developments in the 
neutral real interest rate can be regarded as a “random 
walk”, i.e. that changes in the neutral real interest rate are 
permanent. However, this may be because the model that 
has been used is too simple. The estimates of the neutral 
real interest rate are shown in Chart 11.
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1 Introduction
One of Norges Bank’s key tasks is to monitor the finan-
cial system. The banks play a central part in the finan-
cial system as providers of credit and payment services. 
Norges Bank therefore closely monitors developments 
in the banking sector. Attention is particularly focused 
on developments which in the short or long term may 
weaken stability in the banking sector and prevent banks 
from discharging their responsibilities in a satisfactory 
manner. The experience of Norway and other countries 
shows that developments in problem loans along with 
losses on bank lending have a considerable impact on 
banks’ ability to channel credit.2

Problem loans consist of both non-performing loans 
and non delinquent loans which the banks consider to 
be particularly doubtful.3 Banks have to estimate their 
expected losses on problem loans if a borrower goes 
bankrupt or is, for other reasons, unable to service his 
debt. To a large extent, recorded losses consist of chan-
ges in these loss estimates4. There will thus be a close 
connection between banks’ problem loans and recorded 
losses. However, recorded losses are also affected by 
unexpected losses and reversals of previously recorded 
losses, and the lag between developments in problem 
loans and recorded losses may vary.

In this article, we look at the relationship between 
macroeconomic factors and banks' problem loans. Banks’ 
problem loans serve as an important indicator of financial 
imbalances in the household and enterprise sectors. A 
high share of problem loans indicates that many bor-
rowers are having problems in servicing their debt. This 
may result in higher loan losses for banks.

Developments in the volume of problem loans may 

1  We are grateful to Eivind Bernhardsen, Gunnar Bårdsen, Karsten Gerdrup, Dag Henning Jacobsen, Kai Larsen, Kjersti-Gro Lindquist, Bjørn Naug, Kjell Bjørn   
 Nordal, Bent Vale and Birger Vikøren for their useful contributions and comments.

2  Analyses of Crockett (1997), Gonzales-Hermosillo (1999) and the International Monetary Fund (1998), show that the number of non-performing bank loans increases 

 considerably prior to financial crises.

3  A loan shall be regarded as non-performing when interest and principal payments have not been paid when due. The bank shall then estimate how much it may lose  
 on the loan. Doubtful loans are those where no formal default has occurred, but which the bank still considers to be doubtful. Figures for both non-performing and 

 doubtful bank loans are published quarterly in Norges Bank’s banking statistics. As of 1 January 2007, the banking statistics are published on Statistics Norway's website.

4  Estimates of banks’ expected losses on their problem loans were previously called specified and unspecified loan loss provisions in the previous Loan Loss Regulation 
of 1991. In December 2004, a new regulation regarding the accounting treatment of loans and guarantees (Loan Regulation) was issued. In the new regulation, speci-
fied loss provisions have been replaced by the terms “individual write-downs” and “group write-downs”. The new Loan Regulation is generally more technically 
complicated than the original Loan Loss Regulation. Among other things, greater demands are placed on documentation of loss probability through objective indica-
tions of a fall in the value of loans. The transition to the new rules will primarily affect loan loss provisions, and thereby how book losses are recorded. Problem loan 
holdings will not be affected to any great extent.

An ana lys i s  of  banks ’  p rob lem loans
Tor Oddvar Berge, senior economist, and Katrine Godding Boye, economist, both in the Financial Markets Department of Norges Bank1

In this analysis, we look at the macroeconomic factors which function as driving forces behind developments 
in banks’ problem loans. Problem loans include non-performing loans and other particularly doubtful loans. 
Since the beginning of the 1990s, problem loans as a share of total loans have declined sharply and are now at 
a historically low level. However, the volume of problem loans is highly sensitive to cyclical developments and 
will usually increase during economic downturns. We have analysed banks’ problem loans in the household 
and the enterprise sector respectively, using two empirical models. The analysis reveals that the declining 
share of problem loans in recent years is primarily attributable to developments in real interest rates and 
unemployment. We also project banks’ problem loans based on two macroeconomic scenarios: A baseline 
scenario and a stress scenario which illustrates a deteriorating macroeconomic situation.

Chart 1 Banks’ problem loans, non-performing and doubtful loans. 
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Chart 2 Banks’ problem loans, non-performing and doubtful loans. 
Enterprise sector. Billions of 2003-NOK. 1990 Q3 – 2006 Q3
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primarily be directly related to borrowers’ capacity and 
incentive to service debt. Relevant macroeconomic vari-
ables that affect the capacity and incentive to service debt 
may thus be included as explanatory variables in empiri-
cal models for banks’ problem loans.

In general, a certain proportion of banks’ loans will 
over time be non-performing and later be lost because 
borrowers cannot repay the loan as agreed. However, 
the volume of problem loans is sensitive to cyclical 
developments and will normally be higher in periods of 
contraction and lower in periods of expansion. Charts 
1 and 2 show developments in problem loans in the 
household and the enterprise sector, respectively. In both 
sectors, the volume of problem loans peaked during the 
banking crisis, before falling sharply in the latter half of 
the 1990s. In recent years, the level of economic activity 
has been high and the volume of problem loans has thus 
been low. In addition, debt growth has been high in both 
sectors, resulting in a historically low level of problem 
loans as a share of total loans (see Chart 3).

In this article, we will try to answer the following 
questions:
− What are the most important macroeconomic expla-

natory factors for developments in banks’ problem 
loans?

− How quickly and strongly do problem loans react to 
changes in these factors?

− What has driven developments in problem loans in 
recent years?

− How are problem loans expected to develop over the 
next few years?

In the next section, we discuss factors that may affect 
banks’ problem loans. Section 3 presents two empiri-

cal models for problem loans in the household and the 
enterprise sector, respectively. In Section 4, we take a 
closer look at the contributions of each of the explana-
tory factors over the past few years. We further present 
projections of problem loans based on expected macro-
economic developments as outlined in Inflation Report 
3/06. We also present projections based on a stress sce-
nario which illustrates a deteriorating macroeconomic 
situation. Section 5 concludes.

2 What influences banks’ problem 
loans?
Factors that determine developments in banks’ non-
performing loans and losses have previously been the 
subject of a number of analyses5. Several of the analyses6 
have been based on an expression which indicates the 
expected level of non-performing loans:

where NPL = non-performing loans; pi = the prob-
ability that borrower i will default on his loan; Li = the 
borrower’s debt i; i = 1, …, n denotes the borrower.

According to relation (1), non-performing loans may 
be analysed based on the probability of the borrower 
defaulting on his loan and the size of the individual loan. 
However, we do not observe the probability of default 
for the individual borrower, pi, but we may assume that 
this depends on the borrower’s capacity and incentive 
to service his debt as agreed, i.e. in accordance with his 
contract with the bank.

Debt-servicing capacity depends on developments 
in borrowers’ income, debt-servicing costs and other 
costs. Banks provide loans based on borrowers’ expected 
future income and expenditure flows. If developments in 
these variables deviate from expected developments, the 
borrower’s debt-servicing capacity may be reduced. In 
periods of weak cyclical developments, when unemploy-
ment is rising and corporate earnings are deteriorating, 
there may be an increase in both non-performing loans 
and banks' losses.

The incentive to service debt will normally depend 
on how the loan agreement is formulated, along with 
developments in collateral values and interest rate levels. 
Other studies have looked at how debt servicing is affec-
ted by borrowers’ opportunity to submit false reports of 
their earnings, the bank’s threat to foreclose the entire 
loan in the event of default, and the significance of the 
collateral. 7

5  Bernhardsen (2001) uses developments in real prices for resale homes and risk-weighted debt as explanatory factors for financial institutions’ losses on loans to enter-
prises. According to Frøyland og Larsen (2002), factors like debt burden, real housing wealth, nominal lending rates and unemployment rates are key driving forces 
behind financial institutions’ losses on loans to households. Eitrheim and Gulbrandsen (2001) model total loan losses for financial institutions where interest expenses 
in relation to income, as well as real interest rates after tax and unemployment are explanatory factors. Benito et al. (2001) model default in the UK household sector 
as a function of income gearing, the unemployment rate, loan-to-value ratio on dwellings for first-time buyers and undrawn equity in houses. They also find that debt at 
risk in the enterprise sector depends on enterprises’ debt in relation to nominal GDP, the output gap, short-term real interest rates and real wages. Pesola (2005) models 
banks’ losses for four Nordic countries. The analysis shows that the decisive factors for banks' losses are financial vulnerability, represented by debt burden, macro-
economic shocks, represented by unexpected GDP growth, and changes in the real interest rate. Rinaldi and Sanchis-Areallano (2006) look at default in the household 
sector by using panel data estimation on seven euro area countries. The analysis shows that debt-to-income ratio, inflation, lending rates, financial wealth and housing 
wealth are important driving forces behind default developments.

6  For instance Benito et al. (2001), Frøyland and Larsen (2002) and Pesola (2005).
7  For a review of theoretical models on the relationship between lender and borrower and contract terms, see for example chapter 4 in Freixas and Rochet (1997).

Chart 3 Problem loans as a share of total loans to the enterprise and 
household sector, respectively. Per cent. 1990 Q3 – 2006 Q3
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Households’ capacity and incentive to service debt
Households’ debt-servicing capacity generally depends 
on developments in their income, debt, borrowing rate 
and collateral values. Higher incomes are expected to 
contribute to reducing the volume of problem loans. 
However, incomes may be unevenly distributed across 
households. When unemployment is rising, many house-
holds may experience a substantial reduction in income. 
Thus, we expect that higher unemployment will lead to 
a higher volume of problem loans. When interest rates 
and/or debt are rising, a larger share of borrowers' cur-
rent income will be used to service debt. In isolation, this 
will contribute to increasing the number of borrowers 
with debt-servicing problems and we expect the volume 
of problem loans to rise. It is reasonable to assume that 
an increase in the collateral value provides borrowers 
with greater opportunities to cope with a strained finan-
cial situation. Borrowers may achieve more favourable 
interest rate terms on their loans or possibly a deferral 
of principal payments. The volume of problem loans is 
therefore expected to decrease if house prices increase.

In general, households have a high incentive to 
service their debt, regardless of the collateral value. A 
large share of household debt is secured on dwellings. 
If the bank wishes to recover the collateral, households 
risk having to move. Moving costs can be substantial. 
Furthermore, in the event of a forced sale, prices for the 
collateral may be lower than the normal market value. In 
addition, households with defaulted debt may have nega-
tive credit information registered with credit information 
agencies, which may make it difficult to raise new loans. 
Even when the collateral value is lower than the debt, 
households will still have a high incentive to service their 
debt as most households will end up having outstanding 
debt after the collateral has been recovered.

Enterprises’ capacity and incentive to service debt
Enterprises’ capacity to service debt generally depends 
on their income and costs, borrowing rates and the size 
of the debt. Developments in corporate earnings will to 
a large extent follow business cycles. Unemployment 
is an indicator of the level of activity in the economy. 
If unemployment is low, domestic demand will be 
relatively high. This normally leads to solid corpor-
ate earnings and increased debt-servicing capacity. 
Therefore, lower unemployment is expected to lead to a 
reduction in problem loans. Oil prices also constitute an 
important cyclical variable in the Norwegian economy. 
This is primarily an important factor for the activity and 
investment level in the petroleum sector, but it also has 
spillover effects for suppliers to this industry. Norway’s 
terms of trade also depends on oil prices. An increase in 
oil prices is expected to reduce the volume of problem 
loans. Developments in earnings for internationally 
exposed enterprises are affected by their competitive-
ness relative to foreign enterprises and by activity levels 
abroad in general. Deteriorating competitiveness and/or 

declining foreign demand are expected to lead to an 
increase in problem loans. Furthermore, a rise in costs is 
expected to increase the volume of problem loans. The 
real interest rate plays an important role in enterprises’ 
debt-servicing capacity. When interest rates and/or debt 
are rising, a larger share of borrowers' current income 
will be used for interest payments. In isolation, this will 
contribute to increasing the number of borrowers with 
debt-servicing problems and we expect the volume of 
problem loans to rise.

Enterprises’ incentive to service debt will generally 
depend on collateral values and interest rate levels. If a 
limited company defaults on its loan and subsequently 
goes bankrupt, creditors will recover outstanding claims 
by liquidating any collateral. However, any outstanding 
debt will be cancelled if the enterprise has limited liabi-
lity. For enterprises, the loss of the collateral and other 
assets would be a cost in the event of default. Therefore, 
an increase in collateral values is expected to reduce 
the volume of problem loans. Default costs may also be 
incurred in the form of difficulty in raising new loans, 
higher risk premiums on borrowing rates and increased 
collateral requirements for future loans. Stiglitz and 
Weiss (1983) and Boot and Thakor (1994) consider 
such possible changes in borrowing terms resulting 
from default. Stiglitz and Weiss (1981) show that inte-
rest rates indirectly influence enterprises’ incentive to 
service debt. When lending rates are higher, borrowers 
may tend to choose more risky investment projects, 
which increases the probability of default.

Based on the discussion above, we may conclude 
that the volume of problem loans will increase with the 
size of debt, the lending rate and costs and decrease 
with collateral values and income (see relation (2)).8

(2) PL = f(L, r, C, CV, I, Z)
            +  + +   -    -

where PL = problem loans; L = debt/loan measured in 
NOK; r = borrowing rate; C  = borrower’s costs; CV = 
collateral value; I = borrower’s income; Z = vector with 
other relevant factors. The sign under each variable 
indicates whether we expect an increase or a decrease in 
the volume of problem loans if the variable increases.

3 Empirical models for banks’ 
problem loans
In this section, we present two empirical models for 
banks' problem loans – one for the household sector 
and one for the enterprise sector. The theoretical discus-
sion in Section 2 provides a basis for specifying general 
empirical models where relevant explanatory factors are 
included. We then reduce and simplify the models by 
omitting insignificant variables and imposing empirically 
valid restrictions.

8 It should be mentioned that banks can also probably influence the volume of problem loans by using more or less resources on reviewing such loans. If banks' influ-
ence has changed structurally over time, and not just over the business cycle, this may constitute a problem for the empirical modelling. Changes over the business 
cycle will probably be captured by the cyclical variables in the model.



E c o n o m i c  B u l l e t i n  2 / 2 0 0 7

68

3.1 The household sector
Using the discussion in Section 2 as a starting point, we 
have the following set of possible explanatory variables in a 
general model for problem loans in the household sector:

- Household real gross debt (measured by banks’ len-
ding to households)

- Real house prices
- Unemployment
- Real disposable income (less reinvested dividends in 

the years 2000–2005)9

- Real interest rates

The preferred model is specified in Box 1. The model is 
an equilibrium correction model of the logarithm of the 
share of problem loans10 in the household sector. The 
model is estimated over the period 1993 Q1—2005 Q4. 
The model includes the effects of household real dispo-
sable income, real house prices, unemployment and real 
interest rates. The expression in square brackets shows 

the long-term relationship between the share of problem 
loans and the model’s four explanatory variables. If the 
share of problem loans lies above (below) the estimated 
long-term relationship in quarter t, the share of problem 
loans will gradually fall (rise) before returning to the 
long-term relationship. Due to lags in the adjustment 
process, it takes approximately 3 years before the share 
of problem loans is back to its long-term level (all else 
being equal). Charts 4 and 5 show that the model fits well 
over the estimation period.

How do shifts in explanatory variables affect the 
share of problem loans?
According to the model, the share of problem loans will 
be reduced by 1.2 per cent in the long run if real dispos-
able income increases by 1 per cent. The adjustment is 
relatively quick, and the full effect is achieved after about 
4 quarters. The rapid adjustment is probably related to the 
importance of households’ income flows for their capa-
city to service debt.

9  In the period 2000–2005, disposable income is marked by extraordinarily high dividends as a result of the planned changes in the taxation of share dividends. A large 
portion of the dividend payments is probably reinvested in enterprises in the form of loans or share capital. Therefore, estimated reinvested dividends have been de-
ducted from disposable income for the period 2000–2005.

10 In order to arrive at an appropriate model specification for banks’ problem loans in the household sector, modelling problem loans as a share of total loans proved to be 
useful. See Box 1 for further details.

Chart 5 Quarterly change in the share of problem loans. Household 
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Chart 4 Problem loans as a share of total loans to the household 
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Chart 6 Change in the share of problem loans when unemployment 
increases permanently from 3 to 4 per cent. Household sector. 
Percentage change over time. Quarterly figures
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Chart 7 Change in the share of problem loans when banks’ real 
lending rate increases permanently by one percentage point. 
Household sector. Percentage change over time. Quarterly figures
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A rise in the unemployment rate from 3 to 4 per cent 
will increase the share of problem loans by just over 11 
per cent (see Chart 6). This effect would only appear 
after 3 quarters. Households that are affected by a rise 
in unemployment will normally attempt to solve debt-
servicing problems by using financial reserves and/or 
reducing consumption. In addition, they may apply for a 
payment deferral and an interest-only period. This may 
delay the effect on problem loans.

An increase in real house prices of 1 per cent will reduce 
the share of problem loans by 1.2 per cent. The adjustment 
takes place even more quickly than with income changes, 
and the full effect is reached after 3–4 quarters.

An increase in real interest rates of one percentage 
point will increase the share of problem loans by just 
over 7 per cent in the long run (see Chart 7). The effect 
comes gradually, and the full effect is reached after 
approximately 6 quarters.

3.2 The enterprise sector
Using the discussion in Section 2 as a starting point, we 
have the following set of possible explanatory variables in a 
general model for problem loans in the enterprise sector:

- Enterprises’ real gross debt (measured by banks’ len-
ding to private non-financial enterprises)

- Real commercial property prices
- Domestic demand (represented by the unemployment 

rate)
- Real oil prices
- Competitiveness (measured by the real exchange 

rate11)
- Foreign demand (represented by the output gap in 

OECD countries)
- Real unit labour costs
- Real material input costs
- Real interest rates

Some of the explanatory variables proved not to be 
significant. Multicolinearity, i.e. high correlation be-
tween the explanatory variables, may be a problem in 
the general model. If this is the case, it may be difficult 
to identify effects on problem loans of all the variables 
included in the general model. In that event, the coef-
ficients in front of the remaining variables will represent 
gross coefficients and capture effects of other factors that 
have been excluded. Real commercial property prices 
had insignificant t-values in the model. As commercial 
property prices largely vary in step with cyclical develop-
ments, there may be problems with high correlations 
between commercial property prices and other cyclical 
variables in the model. Nor were foreign demand or cost 
variables statistically significant. Borrowing in the enter-
prise sector will normally be based on an estimate for 
expected cost developments in the individual enterprise. 

One possible reason why the cost variables do not have 
significant effects in the model may be that actual cost 
developments have not diverged markedly from expected 
changes at the aggregated level.

In the final empirical model, the remaining effects are 
those of unemployment, real oil prices, real interest rates, 
enterprises’ real gross debt and competitiveness.

The preferred model is specified in Box 2. The model 
is an equilibrium correction model of the logarithm of 
problem loans at constant 2003-NOK. The estimation 
period runs from 1992 Q1 up to 2005 Q4. The expres-
sion in square brackets shows the long-term relationship 
between problem loans and the explanatory variables. If 
the volume of problem loans lies above (below) the esti-
mated long-term relationship in quarter t, the volume of 
problem loans will gradually fall (rise) before returning 
to the long-term relationship. Due to lags in the adjust-
ment process, it takes approximately 3 years before the 
volume of problem loans is back to its long term level 
(all else being equal). Charts 8 and 9 show the model’s 
fit over the estimation period.

11 The real exchange rate is defined as relative labour costs, calculated in a common currency. Jacobsen and Kloster (2005) also use the real exchange rate, defined in 
the same way, as a measure of competitiveness in their analysis of bankruptcies in the enterprise sector.

Chart 8 Problem loans in the enterprise sector. Actual and predicted. 
Billions of 2003-NOK. 1992 Q1 – 2005 Q4
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Chart 9 Quarterly change in problem loans. Enterprise sector. 
Actual and predicted. Per cent. 1992 Q1 – 2005 Q4
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Estimation period: 1993 Q1 – 2005 Q4. Estimation 
method: Ordinary least squares.

Absolute t-values are shown in brackets under the 
coefficient estimates. The equation satisfies the 
requirements (diagnostic tests) relevant for a well-
specified model.

Δ is a difference operator: ΔXt = (Xt – Xt–1), 
Δ2Xt = (Xt – Xt–2),   Δ3Xt = (Xt – Xt–3)

The variables are defined as (lower case letters 
indicate that a variable is measured on a logarithmic 
scale):
plh   =  Banks’ problem loans in the household 

sector. Problem loans consist of non-per-
forming and other particularly doubtful 
loans. Sources: Norges Bank and Statistics 
Norway.

lh = Banks’ lending to households. Sources: 
Norges Bank and Statistics Norway.

cpi = Consumer price index. Source: Statistics 
Norway.

Rh = Real interest rate measured by banks' avera-
ge lending rate less four-quarter rise in 
cpi. Sources: Norges Bank and Statistics 
Norway.

u = Unemployment rate. Source: Norwegian 
Labour and Welfare Organisation.

inc = Disposable income adjusted for reinvested 
dividends between 2000 and 2005. Source: 
Norges Bank and Statistics Norway.

ph = Price index for existing dwellings. Source: 
NEF, EFF, FINN.no and ECON.

ε = Regression residuals (unexplained variation 
in left-hand variable).

R2 is the share of the variation in the left-hand variable that 
is explained by the model, σ is the standard deviation 
of the regression residuals, AR1–4 is a test for 4th 
order autocorrelation in the residuals, ARCH1–4 is a 
test for 4th order ARCH residuals, NORM is a test of 
whether the residuals are normally distributed and 
HET is a test for heteroscedasticity.

The expression in square brackets measures the 
deviation from an estimated long-term relationship 
between the share of problem loans and the unem-
ployment rate, real interest rates, household real 
disposable income and real house prices.

Testing for non-stationarity shows that banks’ len-
ding to households is most likely integrated of order 
2 over the estimation sample 1993 Q1 – 2005 Q4. 
We have chosen to solve this problem by modelling 
the share of problem loans instead of problem loans 
directly.

The dating of the variables in the long-term relati-
onship is a result of a method where we date the indi-
vidual levels variables at the longest significant lag 
(see for example Bårdsen and Fisher (1999)). This 
method has the advant-age of making the dynamic 
coefficients easier to interpret. The lag structure of 
the long-term relationship will not be of importance 
in the long run. 

The model also includes effects of seasonal varia-
tions.

BOX 1. A model for banks’ problem loans – the household sector
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How do shifts in explanatory variables affect develop-
ments in problem loans?
The unemployment rate is included in the model as a 
proxy for of domestic demand. According to the model, 
a negative shift in demand will increase banks’ volume 
of problem loans. Problem loans react relatively strongly 
and quickly to changes in unemployment. For example, a 
rise in unemployment from 3 to 4 per cent would in iso-
lation increase problem loans by just under 50 per cent in 
the long run (see Chart 10). This indicates that the busi-
ness cycle is crucial for developments in problem loans.

According to the model, a rise in real interest rates, 
i.e. debt-servicing costs, would lead to an increasing 
volume of problem loans. An increase in real interest 
rates of one percentage point will increase the volume of 
problem loans by just over 4.6 per cent in the long run 
(see Chart 11). The full effect will unwind after about 
2½ years.

Strong wage growth in the internationally exposed 
sector, or an appreciation of the krone exchange rate, 
will imply a deterioration of Norway's competitiveness 
in relation to our trading partners. The model implies 
that problem loans will increase by approximately 0.7 
per cent in the long run if competitiveness deteriorates by 
1 per cent. The adjustment takes place relatively slowly 
and the full effect is reached after 3½ years.

Fluctuations in real oil prices also have an impact on 
problem loans. According to the model, a rise in real oil 
prices of 1 per cent will lead to a reduction in problem 
loans of about 0.5 per cent in the long run. The full effect 
of a change in oil prices unwinds after about 3 years.

The volume of problem loans increases when banks' 
lending increases. In the short term, an increase in loans 
to enterprises of 1 per cent will lead to an increase in pro-
blem loans of 1.7 per cent. Thus, problem loans increase 
more than loans in the short run. This may capture the 
fact that the volume of problem loans is larger among 
newer than among older loans. One reason may be that 

the bankruptcy frequency generally is higher among new  
enterprises than among established enterprises.12 
However, in the long run an increase in loans of 1 per 
cent will entail a similar increase in problem loans.13 

This indicates that a considerable share of new problem 
loans is considered “healthy” after a short period, or that 
banks recognise loan losses. In both cases, the loan will 
be removed from the problem loan holdings.

4 What drives developments in  
problem loans?
In this section, we take a closer look at the driving forces 
behind developments in problem loans in recent years. 
We then present projections of problem loans in both 
sectors based on expected macroeconomic developments 
as described in Inflation Report 3/06. Finally, we present 
projections of problem loans in a stress scenario, based 
on a deteriorating macroeconomic situation.

Contributions from each of the explanatory factors
Banks’ problem loans rose sharply in 2002 and 2003. 
Problems in the enterprise sector were the main factor 
behind this increase. However, the trend was reversed 
through 2004 and 2005, and problem loans in both 
the enterprise and household sectors are now at a his-
torically low level. By using the models for problem 
loans, we can take a closer look at the contributions of 
each of the explanatory factors in recent years. We have 
decomposed the two models for the period from 2002 
Q1 – 2005 Q4.14

There has been a steady decline in the share of 
problem loans in the household sector in the period 
over which the model is estimated. As a result of 
the rising volume of problem loans during 2002 and 
2003, the virtually continuous decline in the share 
of problem loans since the beginning of 1990s level-
led off somewhat. Decomposition of the share of  

12 See for instance Eklund et al. (2001).
13 The long-term homogeneity between banks’ lending and problem loans is a tested restriction which was not rejected by data.
14 The decomposition method is described in Jacobsen and Naug (2004).

Chart 10 Change in problem loans when unemployment increases 
permanently from 3 to 4 per cent. Enterprise sector. Percentage 
change over time. Quarterly figures 
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Chart 11 Change in problem loans when banks’ real lending rate 
increases permanently by one percentage point. Enterprise sector. 
Percentage change over time. Quarterly figures
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problem loans (see Chart 12) shows that this was largely  
attributable to negative contributions from high real 
interest rates in 2002, along with rising unemployment 
in the period from 2001 to the end of 2003. However, as 
from 2004, the share of problem loans fell again. This 
was particularly due to lower real interest rates from 
2003 onwards. In addition, the negative contributions 
from high unemployment were reversed as unemploy-
ment gradually fell. Real income and real house prices 
have contributed to a reduction in problem loans for vir-
tually the entire period. This effect has to some extent 
become more pronounced in the past two years.

Problem loans in the enterprise sector increased 
strongly through 2002 and 2003. Chart 13 shows that 
the increase in unemployment, i.e. weaker domestic 
demand, was the primary cause of this increase, but low 
oil prices and weakened competitiveness also contribu-
ted to some extent. In the period 2004–2005 problem 
loans were sharply reduced. Lower unemployment has 
made an increasing contribution to this development. 
The decline in interest rates in the period 2002–2004 
also made a contribution. Enterprises experienced a 

sharp reduction in their financing costs and thereby an 
increase in profitability. Oil prices are also seen to have 
been an important factor behind the decline in problem 
loans in the period 2004–2005. Oil prices rose sharply 
during this period, from about USD 30 per barrel at the 
beginning of 2004 to USD 60 per barrel at end-2005. 
High activity in the petroleum sector has made a posi-
tive contribution to the mainland business sector (see 
Section 3).

Future developments in problem loans
We have made projections of banks’ problem loans by 
assuming that the model’s explanatory variables move in 
line with the baseline scenario in Inflation Report 3/06. 
Given these assumptions, Chart 14 shows developments 
in problem loans up to and including 2010.

Problem loans in the household sector accounted for 
0.8 per cent of total loans to this sector at the end of the 
third quarter of 2006. Projections from the fourth quarter 
of 2006 onwards show that the share of problem loans 
in the household sector will be reduced further over 
the next two years. Continued very low and somewhat 
declining unemployment, along with continued high 
increases in real house prices over the next few years, 
will be contributing factors (see Chart 15). In 2009 
and 2010, the share of problem loans will rise slightly 
as a result of higher real interest rates and somewhat 
higher unemployment. The positive contribution from 
real house prices will also be gradually reduced later in 
the projection period as the rise in house prices slows. 
Problem loans in the household sector are estimated to 
account for approximately 0.6 per cent of total loans to 
the sector in 2010.

Problem loans in the enterprise sector accounted for 
just over 2 per cent of total loans to this sector in the 
third quarter of 2006. Projections from the fourth quar-
ter of 2006 onwards show that the volume of problem 
loans will increase as from 2007, but at a slower pace 
towards the end of the projection period (see Chart 16). 
Strong lending growth, somewhat higher unemployment 
and rising real interest rates will contribute to pushing 
up the volume of problem loans. Due to strong growth 
in lending to the enterprise sector, problem loans as a 
share of total loans are not expected to increase until 
2008. Problem loans in the enterprise sector are estima-
ted to account for approximately 3.5 per cent of total 
loans to the sector in 2010.

Problem loans in a stress scenario
We have made projections of banks’ problem loans 
based on a stress scenario designed to illustrate a dete-
riorating macroeconomic situation. Although this sce-
nario is unlikely, it is useful to test such stress scenarios 
in order to assess how vulnerable households and enter-
prises are to changes in macroeconomic conditions.

In this stress scenario, the key policy rate increa-
ses faster than in the baseline scenario, to about 8 per 
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Chart 12 Annual percentage change in the share of problem loans 
and calculated contributions from explanatory variables. Households. 
Percentage points. Real terms. Quarterly figures. 2002 Q1 – 2005 Q4
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cent in 2009, before declining slightly. This implies 
that banks’ lending rates to households and enterpri-
ses will increase to approximately 9 and 9.5 per cent, 
respectively. Unemployment increases faster than in the 
baseline scenario, and stands at about 4.5 per cent of 
the labour force in 2010. Household disposable income 
increases appreciably more slowly than in the baseline 
scenario. In 2009 and 2010, growth in real disposable 
income is assumed to be close to zero. House prices fall 
by about 30 per cent from the current level in the course 
of 2–3 years. Oil prices are assumed to fall by about 25 
per cent in the same 2–3 year period. The real exchange 
rate appreciates slightly compared with the baseline 
scenario. The reason for such a development might be 
a sharp rise in inflation coupled with a gradual but pro-
nounced decline in economic growth, both globally and 
domestically. This will increase banks’ problem loans 
sharply in both sectors compared with the baseline sce-
nario (see Chart 17).

Problem loans in the household sector will increase 
from the current very low level, particularly as a result 
of a sharp rise in real interest rates and a fall in house 
prices in 2007 and 2008 (see Chart 18). Somewhat later 
in the projection period, higher unemployment and fal-
ling household real disposable income also contribute 
to increasing the share of problem loans. In the stress 
scenario, problem loans in the household sector are 
estimated to be just over 1.5 per cent of total loans to 
the sector at end-2010.

Problem loans in the enterprise sector will increase 
sharply. In 2007, higher real interest rates, lower oil 
prices and continued high lending growth will be the 
primary factors contributing to the increase in pro-
blem loans (see Chart 19). Lending growth will be 
rapidly reduced as the economic outlook deteriorates. 
Increasing unemployment will make a negative con-
tribution from 2008. Problem loans in the enterprise 
sector are estimated to account for just over 8 per cent 
of total loans to the sector in 2010.

Weaker macroeconomic developments, as illustrated 
in this stress scenario, will influence the financial posi-
tion of both households and enterprises. In both sectors, 
an increasing number of borrowers will have problems 
in servicing their debt. For banks, the consequences will 
depend on the volume of problem loans that are actually 
not repaid and to what extent these loans are secured. 
House prices fall sharply in the stress scenario. This will 
obviously constitute a risk for banks, as a large share 
of banks’ lending is secured on property. A prolonged 
cyclical downturn will increase banks’ vulnerability 
more than a temporary slowdown.

The experience of 2002–2003 showed that banks’ 
problem loans and recorded losses rose somewhat, but 
that neither financial strength nor capital adequacy were 
severely weakened. Banks’ solid capital adequacy and 
financial strength at present imply that there is a high 
probability that banks can cope with a similar downturn 
without creating problems for the banking sector.

Chart 16 Annual percentage change in the share of problem loans 
and calculated contributions from explanatory variables. Enterprises. 
Percentage points. Real terms. Quarterly figures. 
Projections for 2006 Q4 – 2010 Q4. Baseline scenario
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Chart 14 Banks’ problem loans to households and enterprises. 
Percentage of total lending to each sector. 1996 – 20101)
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Estimation period: 1992 Q1 – 2005 Q4. Estimation 
method: Ordinary least squares.

Absolute t-values are shown in brackets under the 
coefficient estimates. The equation satisfies the 
requirements (diagnostic tests) relevant for a well-
specified model.

Δ is a difference operator: ΔXt = (Xt – Xt–1),  
Δ2Xt = (Xt – Xt–2),   Δ3Xt = (Xt – Xt–3)

The variables are defined as (lower case letters 
indicate that a variable is measured on a logarithmic 
scale):
ple =  Banks’ problem loans in the enterprise sector. 

Problem loans consist of non-performing and 
other particularly doubtful loans. Sources: 
Norges Bank and Statistics Norway.

p = Price deflator for mainland GDP. Source: 
Statistics Norway.

Re = Real interest rate measured by banks' average 
lending rate to private non-financial enter-
prises less four-quarter rise in p. Sources: 
Norges Bank and Statistics Norway.

u = Unemployment rate. Source: Norwegian 
Labour and Welfare Organisation.

le = Banks’ lending to mainland private non-
financial enterprises. Sources: Norges Bank 
and Statistics Norway.

poil = Oil price in NOK per barrel Brent Blend, spot 
price. Source: Norges Bank.

e = Real exchange rate (competitiveness) meas-
ured by the trade-weighted exchange rate 
index and hourly labour costs in manu-
facturing for Norway and trading partners, 
respectively. The trade-weighted exchange 
rate index measures the NOK exchange rate 
against the currencies of Norway's 25 most 
important trading partners. Sources: The 
Technical Reporting Committee on Income 
Settlements, the Ministry of Finance and 
Norges Bank.

ε = Regression residuals (unexplained variation 
in left-hand variable).

R2 is the share of the variation in the left-hand varia-
ble that is explained by the model, σ is the standard 
deviation of the regression residuals, AR1–4 is a 
test for 4th order autocorrelation in the residuals, 
ARCH1–4 is a test for 4th order ARCH residuals, 
NORM is a test of whether the residuals are normally 
distributed and HET is a test for heteroscedasticity.

The expression in square brackets measures the 
deviation from an estimated long-term relationship 
between problem loans and banks’ lending to enter-
prises, real interest rates, the unemployment rate, the 
real exchange rate and real oil prices.
  
We have imposed restrictions (that are accepted by 
data) on the estimation coefficients in front of ut–2 and  
(poil – p)t in the long-term relationship to increase the 
degrees of freedom. The dating of the variables in the 
long-term relationship is a result of a method where 
we date the individual levels variables at the longest 
significant lag (see for example Bårdsen and Fisher 
(1999)). This method has the advantage of making 
the dynamic coefficients easier to interpret. The lag 
structure of the long-term relationship will not be of 
importance in the long run.

The model also contains effects of seasonal varia-
tions and a dummy variable for 1998 Q4. The 
dummy variable must be seen in connection with the 
establishment of the mortgage company Bolig- og 
Næringskreditt ASA (BNkreditt) as a subsidiary of 
Bolig- og Næringsbanken (BNbank) on 1 December 
1998. BNbank’s portfolio of loans to the corporate 
sector and housing cooperatives was transferred to 
BNkreditt, and the portfolio was at the same time 
removed from statistics on banks’ problem loans.

BOX 2. A model for banks’ problem loans – the enterprise sector

74



E c o n o m i c  B u l l e t i n  2 / 2 0 0 7

75

5 Conclusion

This article has presented two empirical models for 
banks’ problem loans in the household and the enter-
prise sector, respectively. The model for problem loans 
in the household sector includes the effects of real dis-
posable income, real house prices, unemployment and 
real interest rates. In the model for problem loans in the 
enterprise sector, we find effects of domestic demand, 
real oil prices, real interest rates, enterprises’ real gross 
debt and competitiveness.

In the period 2002–2003, problem loans rose sharply. 
We find that the rise in problem loans is largely attri-
butable to negative contributions from high real interest 
rates and low domestic demand. However, as from 
2004, the negative trend was reversed. Falling real 
interest rates and a strong rise in house prices in recent 
years have made positive contributions to a further 
reduction in problem loans in the household sector. The 
reduction in problem loans in the enterprise sector is 
largely driven by higher domestic demand, lower real 
interest rates and high oil prices.

We have made projections of problem loans for the 
period 2006 Q4 – 2010 Q4 based on two different sce-
narios: A baseline scenario based on expected macro-
economic developments as outlined in Inflation Report 
3/06 and a stress scenario which illustrates a deteriora-
ting macroeconomic situation. In the baseline scenario, 
the share of problem loans in the household sector falls 
further in 2007 and 2008 as a result of continued low 
and falling unemployment and a strong rise in real 
house prices. The share of problem loans for households 
increases slightly towards the end of the projection peri-
od due to rising real interest rates and somewhat higher 
unemployment. Banks’ problem loans in the enterprise 
sector increase as from 2007, but growth slows towards 
the end of the projection period. Strong lending growth, 
higher unemployment and rising real interest rates 
contribute to pushing up the volume of problem loans 
among enterprises.

Weaker macroeconomic developments, as illustra-
ted in the stress scenario, will erode the debt-servicing 
capacity of households and enterprises. Banks’ share of 
problem loans rises markedly compared with the base-
line scenario. Lower house prices, higher real interest 
rates and higher unemployment make a significant con-
tribution to the rise. The significance this will have for 
banks depends on the volume of problem loans that are 
actually not repaid. A prolonged cyclical downturn will 
increase banks’ vulnerability more than a temporary 
slowdown. Banks’ solid capital adequacy and financial 
strength imply that there is a high probability that banks 
can cope with a similar downturn as in 2002–2003 wit-
hout creating problems for the banking sector.

Chart 19 Annual percentage change in the share of problem loans 
and calculated contributions from explanatory variables. Enterprises. 
Percentage points. Real terms. Quarterly figures. 
Projections for 2006 Q4 – 2010 Q4. Stress scenario
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Chart 17 Banks’ problem loans to households and enterprises. 
Percentage of total loans to each sector. 1996 – 20101)
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Chart 18 Annual percentage change in the share of problem loans 
and calculated contributions from explanatory variables. Households. 
Percentage points. Real terms. Quarterly figures. 
Projections for 2006 Q4 – 2010 Q4. Stress scenario
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1 Introduction
Projections for inflation and future economic develop-
ments are an important basis for monetary policy deci-
sions. Therefore, Norges Bank works continuously to 
improve the basis for these projections. Analysing devi-
ations between actual developments and projections is 
an important part of this work. This article evaluates the 
projections for 2006. First, we describe briefly actual 
economic developments in 2006. We then look at the 
deviations between actual developments in 2006 and 
Norges Bank’s projections at different times. We place 
most emphasis on the projections in Inflation Report 
1/05 and subsequently. Next, we compare Norges 
Bank’s projections with those of other institutions. 
Finally, we consider the historical accuracy of Norges 
Bank’s projections.

In the Inflation Reports, Norges Bank has presen-
ted projections for developments during the next three 
years or over a longer period. The methods utilised for 
preparing projections depend on the forecast horizon. 
The two-to-three-quarter-ahead forecasts depend large-
ly on the analysis of the current economic situation and 
an assessment of how various disturbances which have 
affected the economy will unfold. Monetary policy 
influences the economy with a lag. Therefore, the 
interest rate path on which the Report’s projections are 
based will not have a significant impact on the short-
term projections. Simple statistical models where econ-
omic theory is not a main component and econometric 
equations for developments in individual variables are 
useful in preparing the short-term projections.

The projections for developments in the somewhat 
longer run are important for determining the interest 
rate path that is best suited to reaching the inflation tar-
get and stabilising developments in output and employ-
ment. Economic models that incorporate monetary 
policy directly are therefore important for these projec-
tions. At the same time, the assessment of the current 
situation and the short-term projections are an important 
premise for the more long-term projections. The longer-
term projections also depend on developments in the 
exogenous variables, such as government spending 
and global economic developments, being in line with 
projections.2

The projections for economic developments are 
necessarily uncertain. This is partly because the fore-
casts are based on incomplete information about the 
current economic situation, about the driving forces in 
the economy in the period ahead and about the functio-
ning of the economy.3 Therefore, Norges Bank presents 
the projections for the most central economic variables 
with a fan chart.4 According to the Bank’s assessment, 
the most probable outturn is the midpoint on the fan, 
but the probability of realising this exact outturn is rela-
tively small. Therefore, it would be incorrect to say that 
the projections are wrong if actual developments are not 
the midpoint on the fan. A more interesting question is 
whether the fan charts illustrate the correct probabilities 
of different outturns. We will return to this question in 
Section 5. In the following sections, we will concentrate 
on the point forecasts.

1 I would like to thank Leif Brubakk, Anne Berit Christiansen, Karsten Gerdrup, Asbjørn Fidjestøl, Kåre Hagelund and Ingvild Svendsen for valuable comments and 
suggestions. I would also like to thank other colleagues at Norges Bank. Any remaining errors in this article are the responsibility of the author. In addition, I would 
like to thank Leif Anders Thorsrud and Kathrine Hoff Vaagen for their assistance in collecting data.

2  See Kloster and Solberg-Johansen (2006) for a more detailed description of the forecasting work at Norges Bank. Refer also to a box on short-term GDP projections 
in Inflation Report 2/06.

3  Up to and including Inflation Report 2/05, Norges Bank based its projections on technical assumptions concerning the interest rate and the exchange rate. These 
assumptions were based on forward rates. Since Inflation Report 3/05, Norges Bank has based its projections on the Bank’s own interest rate forecasts. Interest rate 
developments shall provide a reasonable balance between the objectives of monetary policy and are thus both a response to and a basis for the other projections.

4  The estimate for the output gap, which summarises Norges Bank’s view of the current economic situation, is also presented as a fan chart backwards in time. This is 
partly because the estimate of the current output gap is based on preliminary national accounts figures which may be revised extensively at a later time. Please refer to 
the boxes in Inflation Report 3/05 and 3/06.

Evaluat ion of  Norges  Bank’s  project ions  for 
2006
Einar W. Nordbø, economist, Economics Department, Norges Bank1

Growth in the mainland economy in 2006 was appreciably higher than projected by Norges Bank and it is 
likely that the output gap was also more positive than projected. At the same time, consumer price inflation 
adjusted for tax changes and excluding energy products was lower than expected. Unexpectedly low inflation 
coupled with higher-than-projected output and employment growth may reflect the influence of unforeseen 
factors on the supply side of the economy. In recent years, for example, inward labour migration has been 
higher than assumed by Norges Bank. This has eased labour shortages and contributed to growth in poten-
tial output. Productivity growth has also been higher than expected in many industries. Other forecasters’ 
projections for developments in output and prices in 2006 were not substantially better than Norges Bank’s 
projections.
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78 2  Inflation, output and interest 
rates through 2006
The economic recovery that has marked the Norwegian 
economy since 2003 continued in 2006. Low interest 
rates, strong and sustained growth in the global econ-
omy and a substantial improvement in Norway’s terms 
of trade have been important driving forces behind the 
upturn. Low interest rates have contributed to strong 
growth in private consumption and housing investment, 
while high oil prices have made it advantageous to 
increase investment in the petroleum sector. Growth 
in business investment and non-petroleum exports has 
also picked up gradually.

Strong growth in productivity and a temporary 
decline in sickness absence made it possible to increase 
output without increasing employment for a long per-
iod. Since end 2005 and through 2006, however, increa-
sing demand for labour resulted in strong employment 
growth and a pronounced decline in unemployment (see 
Chart 1). At end 2006, unemployment was in line with 
the level prevailing during the previous boom at the end 
of the 1990s. Some of the increasing labour demand 
has been satisfied by labour inflows from the new EU 
member states (see Chart 2). The output gap, which 
summarises Norges Bank’s view of capacity utilisation 
in the economy, was clearly positive at the end of 2006 
according to the Bank’s assessment.

Consumer price inflation was pushed up by a sharp 
increase in energy prices and was close to the inflation 
target in 2006, but in spite of a boom that had persisted 
for more than three years, underlying inflation remained 
low. Consumer price inflation adjusted for tax changes 
and excluding energy products did not rise from 2005 
to 2006. Other measures of underlying inflation also 
indicated relatively stable developments (see Charts 3 
and 4). The low underlying inflation must be seen in 
the light of relatively low wage growth in relation to 
the economic situation. Increased labour market com-
petition as a result of increased inward labour migration 

and the threat of relocating production abroad may have 
contributed to restraining wage growth. Productivity 
growth has also been high and the continued shift 
towards imports from low-cost countries has contribu-
ted to a low rise in prices for imported consumer goods 
and imported intermediate goods. Increased competition 

Chart 1 Unemployment. LFS unemployment and registered
unemployment. Per cent of labour force. Seasonally adjusted. 
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Chart 2 Registered employees from new EU countries. In thousands. 
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Chart 3 Various inflation indicators. 12-month change. Per cent. 
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Chart 4 Uncertainty interval for underlying inflation. Highest and lowest
indicator.1) 12-month change. Per cent. Jan 2002 – Dec 2006
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in some Norwegian product markets has also been cited 
as one explanation of the low underlying inflation.5

Although underlying inflation has remained low, 
increasing capacity utilisation in the Norwegian econ-
omy has contributed to a gradual increase in the key 
policy rate since early summer 2005 towards a more 
normal level. In 2006, the key policy rate was increased 
by 0.25 percentage point at five out of nine monetary 
policy meetings, and at the end of the year the key 
policy rate was 3.5 per cent (see Chart 5). This was 

1.75 percentage points higher than when interest rate 
increases began in June 2005.

3 Deviations between projections 
and actual developments
Table 1 shows central assumptions and projections for 2006 
in the Inflation Reports published since spring 2005.6

The output gap
The output gap expresses the relationship between the 
actual level of output in the economy and the output 
level that is consistent with stable inflation over time, 
i.e. potential output. Since potential output is not 
directly observable, historical values for the output gap 
must also be estimated. Norges Bank’s projections for 
the output gap in 2006 had been stable at around one per 
cent before they were revised up in the last two Inflation 
Reports in 2006. The projected development in the 
output gap through 2006 has also changed somewhat. 
In Inflation Report 1/05, the output gap was projected 
to peak in the first part of 2006, but since then the esti-
mated cyclical peak has been pushed out in time. At the 
same time, the economic upturn has been stronger than 
projected by Norges Bank (see Chart 6). 

The output gap was revised up in 2006 primarily 

5  In a special survey of Norges Bank’s regional network in February 2007, 58 per cent of the companies responded that competition has intensified in the past two to 
three years. Among these companies, 72 per cent responded that this has curbed the rise in prices (see box in Monetary Policy Report 1/07).

6  Boxes in the different Reports provide a more detailed account of the changes in the projections. 

Chart 5 Interval for the sight deposit rate at the end of each strategy
period and actual developments. Per cent. 1 Jan 2003 – 31 Dec 2006
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Table 1. Assumptions and projections for key macroeconomic variables for 2006. From Inflation Report 1/05 to Inflation 
Report 3/06. Annual rise. Per cent

IR 1/05 IR 2/05 IR 3/05 IR 1/06 IR 2/06 IR 3/06 Preliminary  
accounts

Mainland demanda) 3 ¾ 3 ¾ 3 ¾ 3 ¾ 4 ¼ 4 ¼ 4.3

- Private consumption 3 ¾ 3 ¾ 3 ½ 3 ¾ 3 ½ 4 4.3

- Public consumption 1 ½ 1 ½ 2 2 ½ 3 2 ¾ 2.2

- Fixed investmenta) 6 ½ 6 6 6 8 7 ¾ 7.5
Petroleum investment –5 –5 2 ½ 5 5 5 9.1
Traditional exports 3 ½ 3 ½ 3 ¼ 6 6 ¼ 6 ½ 6.5

Importsa) 3 ½ 3 ½ 4 ¼ 6 6 ¼ 6 ¼ 8.5

Mainland GDP 3 3 3 ¼ 3 ½ 3 ¾ 4 4.6

Potential growth in mainland GDP 2 ½ 2 ½ 2 ½ 2 ½ 2 ½ 2 ½ 3 ¼

Output gap mainland Norwayb) 1 ¼ 1 1 1 1 ¼ 1 ½ 1 ½

Employment 1 ½ 1 ½ 1 ½ 1 ¾ 2 ¼ 2 ¾ 3.1

Labour fource, LFS 1 1 1 1 1 ½ 1 ½ 1.6

LFS unemployment (rate)b) 3 ½ 3 ¾ 4 3 ¾ 3 ¾ 3 ½ 3.5

CPI 2 1 ¾ 2 1 ¾ 2 ¼ 2 ¼ 2.3

CPI-ATE 1 ¾ 1 ½ 1 ¾ 1  ¾  ¾ 0.8

Annual wages 4 ½ 4 ¼ 4 3 ¾ 3 ¾ 4 4.1

Sight deposit rateb) 3 2 ½ 2 ¾ 2 ¾ 2 ¾ 2 ¾ 2.7

Exchange rateb) 93.1 91.1 91.0 92.8 90.3 92.5 92.4

GDP, trading partners 2 ¼ 2 ¼ 2 ½ 2 ¾ 3 3 ¼ 3 ½

External price impulses – ¼ – ½ 0 – ½ – ¼ 1 0.4

Oil price (in USD)b) 49.5 59.0 60.5 62.1 68.2 64.8 64.7

a) Excluding the import of one frigate in 2006
b) Level
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80 because actual growth in the economy has been consi-
derably higher than projected. In Inflation Report 1/05 
and 2/05, growth in mainland GDP was projected at 
3 per cent, but from Inflation Report 3/05 the projec-
tion was gradually revised up, and the first national 
accounts figures published for 2006 as a whole show 
annual growth of 4.6 per cent. Growth in employment 
was also considerably stronger than expected in 2006, 
and unemployment fell appreciably faster than projec-
ted. Employment and unemployment levels in 2006, 
however, were very close to the projections from early 
2005 (see Chart 15 in Section 4).

The estimate for the output gap in 2006 would have 
been significantly higher if Norges Bank had not revised 
up its estimate for growth in potential output.7 Revised 
national accounts figures have shown that recent years’ 
growth in both output and productivity has been stron-
ger than indicated by earlier figures, and since the EU 
enlargement in 2004, the supply of foreign labour has 
increased more than expected. Overall, this indicates 
that potential growth in the Norwegian economy in 
recent years may have been stronger than previously 
assumed by Norges Bank. In Monetary Policy Report 
1/07, the estimate for potential growth in 2006 was 
revised up from 2½ to 3¼ percent. Potential growth was 
also revised up for several of the previous years.

Norges Bank has also revised up the estimate for 
potential output backwards in time in earlier Reports. 
As a result, the Bank now assumes that there was 
somewhat more spare capacity in the economy in 2005 
than projected in the Reports published that year (see 
Chart 6). The third factor that can in principle contribute 
to a larger- or smaller-than-projected output gap, i.e. the 
uncertainty surrounding the level of the output gap at the 
time the projection was prepared, has pointed towards 
a somewhat lower output gap if we look at the Inflation 
Reports published in 2005. The level of the output gap at 
the beginning of 2006 has not been changed significantly.

Revisions of national accounts figures may explain 

to some degree the higher-than-projected mainland 
GDP growth in 2006. In the Inflation Reports published 
in 2005, Norges Bank projected that growth would slow 
somewhat from 2005 to 2006, whereas in the Reports 
published in 2006, the Bank projected that the growth 
rate in 2006 would be approximately the same as in 
2005. The first national accounts figures published by 
Statistics Norway showed 3.7 per cent growth in the 
mainland economy in 2005, whereas the most recent 
preliminary figures showed 4.5 per cent growth. The pro-
jection for 2006 would probably have been higher if the 
earlier figures had indicated such high growth in 2005.

Growth in all sub-components of mainland GDP was 
higher than projected in 2005 (see Table 1). This may 
be attributed partly to the ripple effects of stronger-than-
expected growth in a number of economic aggregates 
over which monetary policy has little influence. First, 
the increase in petroleum investment was appreciably 
stronger than expected. In the 2005 Reports, Norges 
Bank projected a decline or weak growth in petroleum 
investment in 2006, whereas preliminary national acco-
unts figures indicate an increase of 9.1 per cent. Second, 
total GDP growth among Norway’s most important tra-
ding partners was somewhat higher than assumed. This 
may have contributed to considerably higher growth in 
exports in 2006 than projected in the Reports in 2005. 
Prices for many of Norway’s exports have also been 
particularly high. Third, somewhat stronger growth in 
public expenditure has also pushed up GDP growth. 
In addition to these exogenous factors, we cannot rule 
out that low interest rates over time have had a stronger 
effect on housing investment and household consump-
tion than assumed by Norges Bank.

Inflation

The rise in the overall consumer price index in 2006 
was somewhat higher than projected in the Inflation 
Reports in 2005 and Inflation Report 1/06 (see Chart 

7 If GDP growth and growth in potential output are the same for a period of one year, the output gap will not change in relation to the year before.

Chart 6 Estimated output gap in the baseline scenario1) in IR 3/05 with 
fan chart and estimate in other reports. Per cent. 2004 Q1 – 2006 Q4
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Chart 7 CPI projections from IR 1/05 to IR 3/06 and actual
developments. 4-quarter rise. Per cent. 2004 Q1 – 2006 Q4
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7). The projection for the annual rise in CPI inflation 
in Inflation Report 2/06, however, was fully in line 
with the actual rise. The annual rise in CPI inflation 

was higher than projected due to an unexpectedly sharp 
rise in prices for energy products. Low inflows to water 
reservoirs through summer resulted in high electricity 
prices until year end in spite of normalised reservoir 
levels in the last months of 2006. Until autumn, petrol 
prices also contributed to pushing up overall inflation.

The rise in prices for imported consumer goods was 
broadly in line with projections made at various times 
(see Chart 8). One important reason for this was that 
the exchange rate developed approximately as assumed 
in the various Reports (see Chart 9). In the second half 
of 2006, there were larger movements in the krone ex-
change rate, but it normally takes some time before such 
movements affect prices for imported consumer goods. 
At the same time, movements in prices for imported 
consumer goods, measured in international currency, 
were approximately as projected.

The rise in prices for domestically produced goods 
and services in 2006 was considerably lower than 
projected (see Chart 10). Adjusted for tax changes and 
excluding energy products, the rise in prices for domes-
tically produced goods and services was 1.3 per cent.8 
In the Reports in 2005, Norges Bank projected a rise in 
prices for domestically produced goods and services of 
about 2.5 per cent in 2006, whereas in Inflation Report 
1/06, the Bank projected a rise of approximately 2 
per cent. However, the year-on-year rise in prices for 
domestically produced goods and services remained 
at about 1.3 percent throughout the year, after falling 
from 1.9 per cent in December 2005 to 1.3 per cent in 
January 2006.

The rise in prices for domestically produced goods 
and services in 2006 was appreciably lower than pro-
jected by Norges Bank even though wage growth was 
approximately in line with projections. Since the early 
1990s, there has been a close relationship between the 

8  In January 2006, Norway reduced maximum day-care rates and this measure in isolation contributed to pushing down the rise in prices for domestically produced 
goods and services by roughly 0.3 percentage point in 2006. The annual rise in the CPI-ATE was reduced in isolation by 0.2 percentage point. In the Inflation Reports, 
Norges Bank has presented the rise in prices as measured by the CPI-ATE adjusted for the effect of reduced maximum day-care rates. We disregard this adjustment in 
this article to simplify the comparison with other forecasters that have presented unadjusted CPI-ATE projections.

Chart 8 Imported consumer goods. Historical inflation and projections
from IR 1/05 to IR 3/06.  4-quarter rise. Per cent. 2004 Q1 – 2006 Q4
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Chart 9 I-44. Actual developments and projections. 2002 Q1 – 2006 Q4
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Chart 10 Domestically produced goods and services. 
Historical inflation and projections from IR 1/05 to IR 3/06. 
4-quarter rise. Per cent. 2004 Q1 – 2006 Q4
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Chart 11 Annual rise in prices for domestically produced goods and 
services in the CPI-ATE and the output gap level the year before. 
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level of the output gap the previous year and the rise 
in prices for domestically produced goods and services 
(see Chart 11). In 2006, however, the rise in prices for 
domestically produced goods and services was marked-
ly lower than implied by this relationship.

The rise in prices for domestically produced goods 
and services was unexpectedly low, while growth in 
the mainland economy was surprisingly high. This 
may indicate that unforeseen factors on the supply side 
of the economy have influenced developments. The 
unexpectedly high inward labour migration since the 
EU expansion in 2004 has eased labour shortages and 
contributed to growth in potential output. At the same 
time, productivity growth has been higher than assumed 
in many industries. It is likely that the subdued rise in 
prices for imported, processed intermediate goods has 
curbed the rise in prices for domestically produced 
goods and services to a larger degree than expected by 
Norges Bank. It also appears that competition in some 
product markets has been stronger than expected.

Interest rate forecasts

Developments in the sight deposit rate have been 
broadly in line with the interest rate assumptions in the 
Inflation Reports in 2005 and 2006 (see Chart 12). At 
the same time, economic developments have differed in 
some cases considerably from projections. If we com-
pare developments with Inflation Report 3/05, which 
was the first Report where projections were based on 
the Bank’s best judgment concerning future interest rate 
developments, lower than expected inflation, adjusted 
for tax changes and excluding energy products, has 
pointed to a lower interest rate (see Chart 13). However, 
this has been more than offset by unexpectedly strong 
growth in the mainland economy which has resulted in 
a higher-than-estimated output gap. Through its impact 
on inflation and output, a weaker krone exchange rate 
in the second half of 2006 contributed to pushing up the 
interest rate path towards the end of 2006.

4 A comparison of projections for 
2006 from Norges Bank and other 
forecasters
In this section, we compare Norges Bank’s projections 
for 2006 with the projections of other forecasters. Such 
a comparison can clarify whether Norges Bank has 
made good use of the available information when the 
projections were prepared. If we look at projections for 
a single year, however, it is difficult to determine the 
accuracy of the analysis on which the projections were 
based because developments in a single year may be 
marked by events that are impossible to predict.

Charts 14 to 18 show Norges Bank’s and other 
forecasters’ projections for 2006 for mainland GDP, LFS 
unemployment, annual wages, CPI-ATE inflation and 
CPI inflation.9 The highest and lowest projections from 
other forecasters are shown as an interval. The charts also 
show an average of all other forecasters’ projections.

None of the forecasters projected that mainland 
GDP growth would be as high as preliminary national 
accounts figures indicate (see Chart 14). Norges Bank’s 
projections were generally closer to actual develop-
ments than other forecasters’ projections. Norges Bank’s  
projections, like those of other forecasters, were revised 
up gradually through the period observed here.

Early in 2005, Norges Bank was the only institution 
that projected that LFS unemployment would be as low 
as it actually was in 2006 (see Chart 15). Like some of 
the other forecasters, however, the Bank revised up its 
unemployment projections for 2006 when unemploy-
ment was higher than expected through 2005. At the 
same time, the Bank was somewhat slower than others 
to revise down its projections again when unemploy-
ment began falling in earnest from the end of 2005 and 
through 2006.

9  Forecasters: The Ministry of Finance, Statistics Norway, DnB NOR, Nordea, Fokus, SEB and Handelsbanken. The chart with projections for CPI-ATE inflation also in-
cludes projections from a simple model developed by Professor Ragnar Nymoen at the University of Oslo. Mr. Nymoen has published semi-annual inflation projections 
since summer 2004. See http://folk.uio.no/rnymoen/forecast_air_index.html.

Chart 12 Interest rate assumptions and actual interest rate. 
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Chart 13 Sight deposit rate in the baseline scenario with a fan chart
and the baseline scenario in IR 3/06 and the isolated effect of a higher
output gap and a weaker exchange rate as well as lower inflation. 
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An average of other forecasters’ projections for 
wage growth was more accurate than Norges Bank’s 
projections (see Chart 16). The Bank’s projections early 
in 2005 were too high and were also higher than many 
other forecasters’ projections at the time. This must be 
seen in the light of the Bank’s expectations of a tighter 
labour market in 2006 than envisioned by many others. 
Projections for wage growth were then revised down 
gradually in pace with upward revisions of unemploy-
ment projections for 2006. Projections for wage growth 
were revised down excessively, however, if we look at 
the preliminary figures from the Technical Reporting 
Committee on Income Settlements.

None of the forecasters considered in this article 
were able to project the low level of CPI-ATE inflation 
in 2006 until well into the year (see Chart 17). Norges 
Bank’s projections were always relatively low compared 
with the other institution’s projections, with the excep-
tion of Inflation Report 3/05. The Bank revised down its 
projection fairly quickly in 2006, and actual figures were 
broadly in line with projections through the year.

Chart 15 LFS unemployment. Projections for 2006 published at 
different times.1) Per cent of the labour force. Monthly figures. 
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Chart 16 Annual wages. Projections for annual growth in 2006 
published at different times.1) Per cent. Monthly figures. 
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Sources: Statistics Norway, Technical Reporting Committee on Income Settlements, Norges 
Bank and reports from the different forecasters

Chart 17 Projections for annual CPI-ATE inflation in 2006 published at 
different times.1) Per cent. Monthly figures. Jan 2005 – Dec 2006
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Chart 18 Projections for annual CPI inflation in 2006 published at 
different times.1) Per cent. Monthly figures. Jan 2005 – Dec 2006
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Chart 14 Mainland GDP. Projections for annual growth in 2006 
published at different times.1) Per cent. Monthly figures. 
Jan 2005 – Dec 2006
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The rise in CPI inflation was more in line with the 
projections of Norges Bank and other forecasters (see 
Chart 18). More accurate projections from some of the 
other forecasters must be seen in the light of Norges 
Bank’s projections of relatively low CPI-ATE inflation, 
which also has a considerable influence on projections 
for CPI inflation. The Bank was somewhat slower, 
however, than some other forecasters about revising up 
its projections for the rise in energy prices in 2006.

We have pointed out that unforeseen factors on the 
supply side of the economy may have resulted in lower-
than-projected inflation in 2006 at the same time as 
GDP growth was higher than projected. Norges Bank’s 
projections for the rise in consumer prices adjusted 
for tax changes and excluding energy products were 
generally somewhat lower than an average of other 
forecasters’ projections. At the same time, the Bank’s 
projections for mainland GDP growth were consistently 
higher than other forecasters’ projections. It appears, 
therefore, that the other forecasters considered here 
did not have a significantly better understanding of the 
factors that coloured economic developments in 2006 
in advance.

5 Norges Bank’s projections for 
several periods
It is useful to analyse why actual developments deviate 
from the projections in a single year, but it is necessary 
to look at projections for several periods to be able to 
identify systematic weaknesses in the forecasting work. 
In this section, we will formally evaluate Norges Bank’s 
short-term inflation projections. We will then evaluate 
the inflation projection fan charts before we compare 
the accuracy of Norges Bank’s projections for seve-
ral key macroeconomic variables with the accuracy of 
other institutions’ projections.

Norges Bank’s short-term projections for 
inflation

Formal statistical methods may be useful in the evalu-
ation when we examine projections for several periods. 
For the statistical methods to be meaningful, the projec-
tions considered must as a rule be independent of one 
another. A number of observations are also necessary. 
For example, if we make projections for inflation eight 
quarters ahead, there will be eight quarters between 
each projection that is completely independent of the 
previous one. Therefore, long time series are neces-
sary if we wish to evaluate projections with a horizon 
many quarters ahead. In a box in this article, we have 
illustrated how, when the forecast horizon is several 
quarters ahead, we can get a run of forecast errors, all 

of the same sign, even if we make best possible use of 
all information.

For the short-term projections, however, we have 
more independent observations. Thus, the formal meth-
ods may be useful tools. Although inflation projections 
two to three quarters ahead do not have the largest 
impact on monetary policy, it is still interesting to eva-
luate the quality of these projections because deviations 
from projected short-term developments have an impact 
on longer-term projections. Thus, deviations from projec-
ted short-term developments may also have an impact on 
the Executive Board’s monetary policy assessments.

We have evaluated the projections against establis-
hed criteria for optimal projections in the literature.10 
The first criterion is that the mean projection error 
over time is zero, which means that the projections are 
unbiased. The second criterion is that there should not 
be a systematic relationship between forecast errors 
from one period to the next. If such a relationship exists, 
the forecaster could improve the projections by taking 
this relationship into account. A professional forecaster 
will also strive to be more accurate in projecting econo-
mic developments than a naïve forecaster who predicts 
that inflation will be the same as in the previous period 
throughout the projection period.11

We have described the empirical tests used and 
reported the actual test results in the appendix to this 
article. Here, we will only present some of the main 
results. We have analysed the quarterly projections for 
CPI-ATE inflation and CPI inflation since Inflation 
Report 2/01, but we have also examined the CPI pro-
jections since the first Inflation Report in December 
1994.12

10 See, for example, Timmermann (2006). The criteria mentioned apply if the forecaster has a quadratic loss function with respect to the forecast error, i.e. a projection 
that is too high is as serious as a projection that is too low and large deviations from actual developments are relatively more serious than small deviations.

11 This is not considered to be a formal criterion because the last value for a variable may also be the optimal forecast for developments ahead. On the basis of economic 
theory, one would expect, for example, that the best projection for the exchange rate tomorrow is today’s exchange rate, when it is adjusted for any interest rate differ-
ences between the countries observed.

12 The quarterly projections for CPI inflation are not presented in all of these Reports. Therefore, the analysis is based on internal documentation in some cases.

Chart 19 Projections and actual developments. CPI and CPI-ATE. 
Average forecast error.1) 4-quarter change. Percentage points
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It appears that Norges Bank has systematically 
overestimated CPI-ATE inflation as early as the quarter 
after the publication of the Inflation Report. There are 
no indications, however, that short-term projections for 
CPI inflation in the same period were biased. The same 
applies to the projections for CPI inflation for the entire 
period back to 1994 (see Chart 19). For the longer hori-
zons, actual CPI-ATE inflation has been considerably 
lower than projected. Statistically, however, we cannot 
rule out the possibility that this is due to random factors 
because we have few independent projections.

Moreover, the estimated relationship between fore-
cast errors in the current quarter is negative for the 
projections for CPI-ATE inflation from quarter to 
quarter. This may be interpreted as an indication that 
the Bank has had a tendency to respond too strongly 

to deviations from actual developments in the short 
term. Unexpectedly low inflation in one quarter may 
have prompted the Bank to revise down its projections 
too much for the next quarter so that inflation was then 
higher than projected. This relationship is not signifi-
cant, however, measured by normal statistical criteria, 
and considerable emphasis should therefore not be 
placed on this result.

Norges Bank’s short-term projections for CPI-ATE 
inflation since Inflation Report 2/01 are approximately 
as accurate as projections based on completely naïve 
methods (see Chart 20). We have compared the fore-
cast errors from the Inflation Reports with the forecast 
errors that would have arisen if the Bank had assumed 
that inflation would remain unchanged from the previ-
ous quarter throughout the projection period, i.e. that 
inflation followed a random walk.13 A simple time 
series model would also have projected inflation appro-
ximately as accurately as Norges Bank in this period.14 

That simple models can provide accurate inflation 
projections is not new. Refer, for example, to Stock 
and Watson (2005). The simple models are therefore 
useful in Norges Bank’s work on short-term inflation 
projections.

The fan charts for the CPI-ATE 
projections

Norges Bank presents its projections for the most cen-
tral economic variables as fan charts. An evaluation of 
the Bank’s projections will therefore not be complete 
without an evaluation of whether the fan charts have 
illustrated the correct probabilities for various outturns. 
In this work, it is absolutely necessary to examine the 
projections for several periods since the outturn in each 
period is only a single point on the chart. We have  

13 We have assumed here that the four-quarter rise in CPI-ATE inflation will be the same as in the previous period throughout the forecast period. We have examined 
the four-quarter rise on the basis of the figures for the past three months before the various Reports have been published. For example, in the Reports that have been 
published in June, we have assumed that inflation ahead will be the same as inflation during the period March–May of the previous year until March–May of the year 
in which the Reports were published.

14 We have used the a so-called arima model. Here, the projections are determined solely by the estimated dynamics of the time series.

Chart 20 Forecast errors for CPI-ATE in Inflation Reports and from 
naive models.1) IR 2/01–IR 3/06. Mean square error (MSE)
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Sources: Statistics Norway and Norges Bank

Short-term projections in 2006
The short-term projections for CPI-ATE infla-
tion in the Inflation Reports in 2006 have devia-
ted more from actual inflation than projections 
from naïve models (see Chart 21). The projec-
tions in the Inflation Reports have only predic-
ted actual inflation as accurately as the naïve 
models in the quarter in which the Inflation 
Report was published. This is partly because 
Norges Bank projected that the rise in prices 
for domestically produced goods and services 
would pick up fairly quickly after the twelve-
month rise fell from 1.9 per cent in December 
2005 to 1.3 per cent in January 2006. However, 
the twelve-month rise remained at about 1.3 per 
cent throughout 2006.

Chart 21 Forecast error for CPI-ATE in the Inflation Reports and from 
naive models.1) IR 1/06–IR 3/06. Mean square error (MSE)
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examined the fan charts for the CPI-ATE projections 
from Inflation Report 2/01 to Inflation Report 3/06.15

The fan charts for Norges Bank’s projections illus-
trate an interval within which actual developments are 
expected to lie with a 90 per cent probability.16 Chart 
23 shows the CPI-ATE projections with fan charts from 
Inflation Report 1/05. The black dots along the yellow 
line show actual developments. Nine out of ten outco-
mes are expected to lie within the fan, and the outcomes 
are expected to be evenly dispersed across the entire 
fan over time. This means that three out of ten outturns 
should be in the middle, dark blue area, while one out 
of ten outturns should be in each of the gradually light-
er areas above and below the dark blue area. In other 
words, the outcome may be expected to lie outside the 
dark blue area, which also contains the point forecast, as 
often as seven out of ten times, assuming the fan charts 
provide an accurate picture of uncertainty.

An informal test of the fan charts in retrospect is to 
compare the fans over time with actual outturns. Norges 

Bank has published fan charts to illustrate developments 
in CPI-ATE inflation since Inflation Report 2/01, and 

15 In the Inflation Report, Norges Bank has presented its projections for developments up to 16 quarters ahead, where the first quarter is the quarter in which the Report is 
published. We have examined the fan charts up to and including the eighth quarter. This is because the projections will overlap more frequently at longer horizons, and 
we can therefore expect the outturns to cluster. In addition, we have very few actual outturns at the most distant horizons.

16 The method utilised to estimate the fan charts has been changed somewhat over time. Up to and including Inflation Report 2/05, the fan charts were estimated on the 
basis of Norges Bank’s historical forecast errors. Since Inflation Report 3/05, the fan charts have been estimated using a small macroeconomic model based on histori-
cal disturbances to the economy.

Correlation between forecast 
errors

Using a simple example, we will illustrate why a 
number of forecast errors of the same sign arise 
when the projections observed overlap, i.e. we 
prepare new projections before we pass the horizon 
for the previous projection.1 Imagine, for example, 
that we forecast the four-quarter rise in prices eight 
quarters ahead and we prepare a new projection each 
quarter. We also assume that the best projection for 
inflation ahead is current inflation.2

The blue line in Chart 22 shows the actual quar-
terly rise, whereas the red squares are the best 
projections prepared eight quarters earlier. Initially, 
inflation is 2.5 per cent and remains at this level 
for seven quarters. In the eighth quarter, there is an 
unexpected disturbance. As a result, the four-quar-
ter rise climbs gradually to 4 per cent and remains 
there. The inflation projections prepared before 
the eighth quarter will be consistently lower than 
actual inflation. In the eighth quarter, the forecaster 
becomes aware of the disturbance and can adjust the 
projections. However, the projections will not be in 
line with actual developments again before the 16th 
quarter. The projections prepared at various times 
have always been optimal in that the forecaster 

has made optimal use of all available information. 
Nevertheless, the result is a series of outturns with 
higher-than-projected inflation.

To avoid drawing incorrect conclusions in the 
evaluation of projections with a horizon of several 
quarters, we should study projections that do not 
overlap. This requires long data series if the horizon 
is several quarters. Ten independent projections with 
a projection horizon of eight quarters require, for 
example, 20 years of data.

Chart 22 Best projection 8 quarters ahead, actual and forecast error. 
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Chart 23 CPI-ATE projection with a fan chart from IR 1/05 and actual
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Chart 24 shows the distribution of actual outturns in all 
the fan charts since then, a total of 17 Inflation Reports. 
We have examined the projections with a horizon of up 
to eight quarters, where the first quarter is the quarter in 
which the Report is published. The yellow line shows 
the distribution of actual outturns in the fan chart from 
Inflation Report 1/05 (see Chart 23).

The projections for developments several quarters 
ahead will often overlap from one Report to the next. 
Therefore, the outturns are likely to cluster in the long 
term (see box “Correlation between forecast errors”). 
Chart 24 shows that the fan chart for the CPI-ATE pro-
jections seems to have provided a fairly accurate picture 
of the probability of different outturns in the next few 
quarters, but this does not seem to be the case further 
ahead. Five quarters or more ahead, all the outturns are 
below the midpoint on the fan and a considerable por-
tion of the outturns have been outside the fan.

Since the actual outcome has been outside the fan 
a number of times, one can raise the question as to 
whether the fan charts for the CPI-ATE projections 
have been too narrow. In this discussion, it is important 
to remember that many of the fan charts have overlap-
ped one another to a large degree. Therefore, the basis 
for drawing conclusions about anything other than 
the short-term projections is limited. If we disregard 
this reservation, however, two aspects about the chart 

showing the distribution of outturns for CPI-ATE infla-
tion in the different fan charts are worth noticing. First, 
the actual outturn has been outside the fan more often 
than we would have expected. Second, there has not 
been a single outturn in the upper half of the fan since 
the beginning of the fifth quarter. Ideally, half of the out-
turns should be here. If the fan had been wider and the 
projections the same, fewer of the outturns would have 
been outside the fans, but there would still be no outturns 
on the upper half of the fans from the fifth quarter.

Comparisons with other forecasters over 
time

We have examined the accuracy of the projections from 
the Ministry of Finance, Statistics Norway and Norges 
Bank in the last publication of the previous year for the 
years 1995 to 2006.17 We have examined the projections 
for mainland GDP growth, wages and consumer price 
inflation.18

Charts 25–27 illustrate the three institutions’ mean 
forecast error (ME), mean absolute forecast error 
(MAE) and the mean square error (MSE) for the dif-
ferent variables. The mean error is a measure of bias in 
the forecasts, while the other two are alternative measu-
res of forecast accuracy. Large forecast errors are given 
more weight in the mean square error than in the mean 
absolute error.

All institutions have on average underestimated 
actual mainland GDP growth in the following year, but 
we don’t have evidence, except for Statistics Norway, 
to indicate that the projections have been systematically 
underestimated (see Chart 25).19 Norges Bank’s projec-
tions have been most accurate, but we have no evidence 
to indicate that the projections have been systematically 
better than the projections of other institutions.

The average projections for wage growth from both 
Statistics Norway and the Ministry of Finance have 
been too low whereas Norges Bank’s projections have 
been just above actual wage growth (see Chart 26). 
There is no clear evidence to indicate that any of the 
institution’s projections have been biased or that any of 
the projections for wage growth have been systemati-
cally better.

Consumer price inflation was lower than forecast by 
all institutions, and Norges Bank’s projections were on 
average furthest off the mark (see Chart 27).20 We do 
not have evidence, however, to indicate that any of the 

17 Statistics Norway’s projections are from Economic Survey. The Ministry of Finance’s projections are from the budget balancing proposal from 1994 to 1996, from 
the supplementary budget proposal in 1997 and from the National Budgets for 1999 onwards. The institutions publish projections at different times, and therefore the 
information on which the projections are based differ somewhat. In recent years, Statistics Norway has published its last projections for the year in December. Norges 
Bank has published its last projections around end-October/beginning-November, while the Ministry of Finance has published its last projections at end-September/
beginning-October.

18 National accounts figures may be extensively revised at a later time, and therefore it is not obvious which version of the national accounts should be used in evalu-
ating the projections. Here, we have chosen to compare the projections with the first national accounts figures published in February/March of the year after the year 
for which the projections applied. This is partly because definitions in the national accounts have been changed during this period so that the projections and the final 
figures do not relate to the same measurement system. Statistics Norway projects wage growth per normal person-year. This is also a national accounts variable, and 
we have therefore used the figures from the first publication of the following year. The Ministry of Finance and Norges Bank project annual wage growth according to 
the definition of the Technical Reporting Committee on Income Settlements. Here, we have used the final figures.

19 We have tested this in the same way as when we examined whether Norges Bank’s short-term projections were systematically too high or too low (see equation in the 
appendix). Since we only have observations covering a period of 12 years, however, the robustness of the statistical tests is somewhat limited.

20 We have used the projections for CPI inflation up to and including 2001. Subsequently, we have used the projections for CPI-ATE inflation.

Chart 24 The fan chart and outturns for CPI-ATE. IR 2/01 – IR 3/06. 
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institutions have overestimated inflation systematically. 
Statistics Norway’s forecasts have been most accurate, 
but the accuracy of all institutions is about the same.

6 Conclusions

It is not surprising that economic developments deviate 
from the projected path. Projections for future economic 
developments will always be uncertain, and to illustrate 
this uncertainty Norges Bank publishes its projections 
for the most central economic variables as probability 
distributions – so-called fan charts.

Economic developments in 2006 have differed con-
siderably from projections in some respects. Growth in 
mainland GDP was appreciably higher than estimated 
and the output gap may also have been higher than assu-
med. At the same time, consumer price inflation adjus-
ted for tax changes and excluding energy products was 
lower than expected. This may indicate that unforeseen 
factors on the supply side of the economy influenced 
developments. A comparison with other forecasters has 
indicated that none of them predicted developments 
in output and prices in 2006 considerably better than 
Norges Bank.

Norges Bank’s short-term inflation forecasts in 2006 
were less accurate than the forecasts of naïve models, 
and in this article we have revealed formal weaknesses 
in Norges Bank’s short-term projections. In autumn 
2006, Norges Bank initiated a larger project designed to 
utilise newer econometric methods to forecast develop-
ments in the short term. Hopefully, this will improve the 
quality of the short-term projections over time.

At the same time, Norges Bank has been working 
on the development of a new macromodel for the lon-
ger-term forecasts. This model, which is called NEMO 
(Norwegian Economy Model), will gradually play an 
important role in the forecasting work.21 Since NEMO 
has an explicit theoretical structure, it may also be 
helpful in the Bank’s work on understanding the driving 
forces behind developments in the past.
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Appendix. Empirical tests and 
results
Here, we will describe in more detail the empirical 
tests in Section 5. First, we define the forecast errors in 
period t and t+1:

et = πt –
et+1 = πt+1 –    t+1, t+1-k

πt is inflation (four quarter rise) in period t, while πˆt, 
t-k is the inflation forecast for period t, k quarters ahead. 
Then, we specify the regression equations used:

et = α + εt     (1)
et+1 = α + β et + εt    (2)

Unbiasedness requires that α = 0 in equation 
(1), whereas α = β = 0 in equation (2) implies both 
unbiasedness and uncorrelated forecast errors.1 The first 
regression leads to a simple t-test, whereas we must use 
an F-test to test whether both coefficients are equal to zero 
in the second equation. The forecasts for inflation in the 
present quarter are the only forecasts that are completely 
independent of forecasts from other Inflation Reports. In 
those cases where the forecasts overlap, we have estimated 
standard errors using the method proposed by Newey and 
West (1987) to take into account autocorrelation and hete-
roskedasticity in the residuals. This is indicated by * fol-
lowing the period designation in the table. Also, we have 
only considered non-overlapping projections. We have 
marked this with ** following the period designation.

Table V1 shows the results of the regression equa-
tion (1). The projections for CPI-ATE inflation in the 
quarter after the Report has been published have on 
average been too high. The estimated average is signi-
ficantly different from zero, but otherwise, none of the 
results are significant. There is no evidence to indicate 
that the projections for CPI inflation have been biased 
at any horizon in the periods considered here.

Table V1 Have the projections been unbiased?
 Horizon α (st.e.) p-valueb)

CPI-ATE 2001–2006 1 quartera) –0.01 (0.04) 0.87

 2 quarters* –0.23 (0.10) 0.04

 2 quarters** –0.30 (0.13) 0.05

CPI 2001–2006 1 quarter a) –0.03 (0.04) 0.53

 2 quarters* 0.04 (0.20) 0.86

CPI 1994–2006 1 quarter a) –0.01 (0.02) 0.73

 2 quarters* –0.01 (0.09) 0.95

 2 quarters** –0.03 (0.16) 0.83

 4 quarters** –0.15 (0.16) 0.38

* Standard errors calculated by the method proposed by Newey and West (1987) to take 
into account autocorrelation and heteroskedasticity in the residuals.

** Only used non-overlapping projections. For over two quarters: Projection for Q1 pre-
pared in Q4 of previous year and projection for Q3 prepared in Q2. For four quarters: 
Projection for Q3 prepared in Q4 of previous year.

a) 1 quarter is the difference between actual and projected inflation in the quarter in 
which the Report has been published.

b) The p-value for a t-test of the null hypothesis that α = 0 in equation (1). Normally, the 
null hypothesis is rejected if the p-value is not statistically significant at the 5 per cent 

level. We have marked these occurrences in boldface.

The results of the tests of forecast errors have been 
both uncorrelated and equal to zero on average over time 
as shown in Table V2. In the last column, we show the 
p-value of an F-test of whether both underlying coef-
ficients are zero. We cannot reject this hypothesis in any 
cases. The tests are less powerful when we introduce 
several constraints. This may explain why we found that 
the projections for CPI-ATE inflation for the next quarter 
had been systematically too high, whereas we cannot 
come to the same conclusion now. At the same time, we 
have few observations of CPI-ATE inflation so that the 
conclusions here are in any event not very robust.

Several estimates of the coefficient β, which expresses 
the autocorrelation between the forecast errors, are nega-
tive, but none of the estimates are significantly greater than 
the associated standard errors. Therefore, they are not sig-
nificantly different from zero in an isolated t-test. We have 
not reported the results of these isolated tests here.

Table 2 Unbiasedness and uncorrelated forecast errors
 Horizon α (st.e) β (st.e.) p-valueb)

CPI-ATE    

2001–2006 1 quarter a) –0.01 (0.04) –0.34 (0.29) 0.52

 2 quarters –0.22 (0.13) –0.01 (0.28) 0.18

 2 quarters** –0.26 (0.19) 0.10 (0.35) 0.22

CPI    

1994–2006 1 quarter a) –0.01 (0.02) 0.20 (0.16) 0.43

 2 quarters –0.01 (0.10) –0.23 (0.16) 0.35

 2 quarters** –0.03 (0.17) 0.02 (0.21) 0.97

 4 quarters** –0.19 (0.20) –0.16 (0.36) 0.65

** Only used non-overlapping projections. For projections over two quarters: Projection 
for Q1 prepared in Q4 of previous year and projection for Q3 prepared in Q2. For four 
quarters: Projection for Q3 prepared in Q4 of previous year.

a) 1 quarter is the deviation between actual and projected inflation in the quarter in which 
the Report has been published.

b) The p-value for an F-test of the null hypothesis that α=β=0 in equation (2). Generally, 
the null hypothesis is rejected if the p-value is not statistically significant at the 5 
per cent level.

1  This is often referred to as weak efficiency. There is strong efficiency if none of the information available at the time of the forecast is correlated to future forecast 
errors, i.e. that α=β=0 in the equation et+1 = α + β zt + εt where zt is any given variable that is available at time t.
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Tables previously published in Economic Bulletin
The Statistical Annex in Economic Bulletin has been reduced with effect from no. 1/06. The subsequent issues 
provided an overview of the statistics published up to and including no. 4/05, with website references. As from 
no. 1/07, the Statistical Annex has been removed entirely, partly because the majority of Norges Bank’s statistics 
gathering activities have been transferred to Statistics Norway and partly because the statistics are updated more 
frequently on the Internet. The following is a list of tables published in Economic Bulletin up to and including 4/06, 
with website references.

1.  Norges Bank. Balanse sheet
 http://www.norges-bank.no/publisert/balanse/ 
2.  Norges Bank. Investments for Government Pension Fund – Global
 http://www.norges-bank.no/petroleumsfondet/rapporter/
3.  Banks. Balanse sheet
 http://www.norges-bank.no/front/statistikk/no/fiks/
 http://www.ssb.no/emner/10/13/10/orbofbm/
4.  Banks. Loans and deposits by public sectors
 http://www.norges-bank.no/front/statistikk/no/fiks/
 http://www.ssb.no/emner/10/13/10/orbofbm/
5.  Banks. Profit/loss and capital adequacy data
  http://www.ssb.no/emner/10/13/10/orbofrk/
6.  Banks. Average interest rates on NOK loans and deposits
 http://www.ssb.no/emner/11/01/orbofrent/
7.  Securities registered with the Norwegian Central Securities Depository (VPS), by issuing sector, nominal 

value
 http://www.ssb.no/emner/11/01/vpstat/
8.  Securities registered with the Norwegian Central Securities Depository (VPS), by holding sector, market 

value
 http://www.ssb.no/emner/11/01/vpstat/
9.  Credit indicators and money supply
  http://www.ssb.no/emner/11/01/k2/
  http://www.ssb.no/emner/11/01/m2/
  http://www.ssb.no/emner/11/01/k3/
10.  Financial accounts of the household sector
 http://www.ssb.no/emner/09/01/finsek/
11.  Consumer price indices
 http://www.ssb.no/emner/08/02/10/kpi/ (CPI for Norway only)
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