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What real interest rate should a central bank aim for if it wishes to attain a normal level 

of resource utilisation? In modern monetary policy theory, the real interest rate that is 

consistent with a normal level of resource utilisation is usually called the ‘natural interest 

rate’. One way of determining whether monetary policy is expansionary or contractionary 

is to compare the actual real interest rate with the natural interest rate. One important 

characteristic of the natural interest rate is that its level varies over time. This article 

analyses how different types of macroeconomic disturbances of the type that were seen 

in the financial crisis can impact the natural interest rate in a theoretical model of the 

economy.

The nominal interest rate is the compensation that a borrower pays to a lender in addition to the 

borrowed amount. it is measured as a proportion of the borrowed amount and is expressed as a per-

centage. For example, banks often offer loans and savings at nominal interest rates.

The real interest rate can be calculated as the nominal interest rate over the loan’s maturity minus 

expected inflation over the same period. The real interest rate shows the purchasing power a borrower 

must relinquish to gain access to the loan, and is the most relevant factor for households and firms 

when they decide to borrow money.

The policy rate or repo rate is the nominal interest rate at which banks can borrow from or invest in 

the riksbank over the short term. The policy rate can also be calculated in real terms by adjusting for 

expected inflation, which is more relevant when analysing the development of the real economy. 

The natural interest rate is the real interest rate that would prevail if resource utilisation in the eco-

nomy was normal today and was expected to remain normal in the future.  

what do we mean when we say that a certain monetary policy is expansionary or 

contractionary? most of us would probably agree that an expansionary monetary policy 

means that the central bank holds the policy rate at a low level so as to increase resource 

utilisation. conversely, a contractionary policy means that the policy rate is set at a 

relatively high level, which, in normal cases, leads to the dampening of resource utilisation. 

but what would be a more precise definition of the concepts of ’expansionary’ and 

‘contractionary’ monetary policies? is it possible to determine an exact cut-off point for the 

1 we have received assistance from many of our colleagues, and would particularly like to thank  
Lars e.o. svensson and Ulf söderström.
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interest rate, below which a certain monetary policy can be characterised as expansionary 

and above which it can be said to be contractionary? in modern monetary policy theory, 

such a cut-off point exists for the real interest rate, that is, the nominal interest rate minus 

expected inflation. This cut-off point is usually called the ‘natural real interest rate’ or, more 

succinctly, the ‘natural interest rate’. one important characteristic of the natural interest 

rate is that its level varies over time as a result of macroeconomic disturbances affecting the 

economy. in theory, the level of the natural interest rate must first be established, before it 

can be determined whether a certain monetary policy is expansionary or contractionary.

The aim of this article is to discuss what is meant by the term ‘the natural interest rate’. 

its starting point is a description of the economy that forms the mainstream of current 

research on monetary policy, sometimes known as new keynesian theory. in the article, 

we describe some central relationships in a simple version of a new keynesian model, and, 

on the basis of these relationships, discuss the concept of the ‘natural interest rate’.2 The 

appendix includes a brief mathematical description of the model. The article also includes 

a section with examples showing how the natural interest rate is affected by a number of 

different macroeconomic disturbances.

The natural interest rate and monetary policy

according to modern macroeconomic theory, a central bank normally wants to control 

both the rate of inflation and the level of resource utilisation in the economy. a central 

bank that conducts inflation targeting and tries to hold inflation stable around an inflation 

target usually has two reasons for influencing resource utilisation, the first of which is 

directly linked to the task of maintaining price stability. resource utilisation affects firms’ 

costs, and the costs are decisive when firms price their products. For a central bank aiming 

to stabilise inflation around an inflation target, it is thus very important to also stabilise 

resource utilisation so that the general cost level rises at a rate that is compatible with the 

inflation target.

in addition to the target of stabilising inflation, the central bank may also consider the 

stabilisation of the real economy to be part of its objective. This need not conflict with the 

task of maintaining price stability: given that households and firms trust that the central 

bank returns inflation to target in the long term, there is normally scope for trying to find 

a balance in the short and medium term between the target of stabilising inflation and the 

ambition of stabilising the real economy. such trade-offs are relevant when the economy 

is affected by macroeconomic disturbances driving inflation and resource utilisation in 

2 The concept of a natural interest rate was introduced by knut wicksell in a series of theoretical works published 
around 1900. by the ‘natural interest rate’, wicksell meant a real equilibrium interest rate that was independent 
of the actual bank interest rates and which was determined by the real disturbances affecting the economy. 
a central bank wishing to hold prices stable should take action aimed at holding the actual bank interest rates 
level with the natural interest rate. in recent decades, this concept has become an important component of 
what is known as new keynesian theory, although the meaning of the concept has partly changed. wicksell’s 
influence on modern monetary policy theory is considered to be highly significant by a number of researchers, 
and, consequently, the term ‘neo-wicksellian model’ is occasionally used instead of ‘new keynesian model’. see 
wicksell (1898) and woodford (2003), particularly chapters 1 and 4.



– 9 –

sveriges riksbank economic review 2011:2

opposite directions, for example supply shocks. another reason for the central bank to 

influence resource utilisation may thus be that the stability of the real economy is seen as a 

monetary policy target in itself.

Under an inflation-targeting regime, monetary policy is normally a matter of finding 

a path for the policy rate that gives good forecasts for inflation and resource utilisation. 

‘good forecasts’ mean a forecast for inflation that deviates as little as possible from the 

inflation target, and a forecast for production and employment that deviates as little as 

possible from a normal level of resource utilisation.

normaL resoUrce UTiLisaTion anD The naTUraL inTeresT raTe

resource utilisation is thus one of the most important macroeconomic variables for a 

central bank. but how can the level of resource utilisation be measured, and what is meant 

by the expression ‘a normal level of resource utilisation’?

one frequently used measure of resource utilisation is the output gap, which measures 

the difference between the actual output level (actual gDP) and the potential output level 

(potential gDP). when actual gDP is equal to potential gDP, the output gap is zero and 

resource utilisation is said to be normal. if the output gap is positive, so that actual gDP 

is higher than potential gDP, resource utilisation is said to be higher than normal, while, 

conversely, a negative output gap means that resource utilisation is lower than normal.3

so what is meant by the ’potential output level’, and how can it be that the actual 

output level can differ from the potential level? in new keynesian theory, potential gDP 

is usually defined as the level of output that would arise if all prices and wages were fully 

flexible. Full flexibility means that all prices and wages are adjusted immediately to changes 

in economic conditions. 

however, there is a lot of evidence that suggests that prices and wages change relatively 

infrequently – they are sluggish. so, why is it reasonable to define potential gDP as the 

level that would prevail if all prices and wages were flexible? according to the theory, the 

sluggishness is the reason that actual gDP generally differs from its potential level. in a 

market economy, prices and wages play a central role, in that they convey information 

from one firm to another, and between firms and households. Prices convey information 

to households regarding firms’ marginal cost levels: different firms’ relative prices signal 

differences between their relative production costs. if prices are sluggish, there is a risk 

that households will get the wrong signals concerning relative costs and will thus demand 

too much of those goods that are comparatively expensive to produce. This could lead to 

the misallocation of resources within individual firms and industries, and in the economy 

as a whole. This latter situation will be the case if the economy’s average price or wage 

level is not adjusted fast enough when the economy is affected by aggregate disturbances. 

3 however, there are several other measures of resource utilisation in addition to the output gap. examples of 
other measures are the hours gap, which measures the deviation between the actual number of hours worked 
and the potential number of hours worked, and the unemployment gap, which specifies the difference between 
the actual level of unemployment and unemployment when prices and wages are flexible.
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if, on the other hand, prices and wages are fully flexible, no such mismanagement of the 

economy’s total resources will arise. For this reason, we let potential gDP be equal to the 

level of output that would arise if price and wage levels were flexible. This level of output 

is also occasionally called the ‘natural output level’.4 however, if an economy reaches its 

potential output level and has a normal level of resource utilisation, this does not mean 

that this economy will always grow in accordance with the economy’s long-term growth 

rate. For example, productivity and demand shocks will affect an economy with flexible 

wages and prices, thus diverting the economy from its long-term growth rate. 

one price that is of particular interest for monetary policy is the return on savings – 

the interest rate. when firms and households decide to borrow or save money, the real 

cost or return is determined by the real interest rate. The real interest rate corresponds 

approximately to the nominal interest rate minus the inflation that is expected to occur 

during the period which the money was lent. as prices of goods and services in general 

change fairly infrequently, inflation is relatively sluggish. of course, the sluggishness of 

price and wage formation means that the rate at which prices increase – inflation – changes 

more slowly than would have been the case had all prices and wages been flexible. Just as 

sluggishness in price and wage formation creates a gap between actual gDP and potential 

gDP, the same sluggishness creates a gap between the actual real interest rate and the 

interest rate that would apply if all prices and wages were flexible. consequently, to the 

natural or potential output level there is a corresponding concept of a natural interest rate, 

that is, the real interest rate that would arise if prices and wages were fully flexible and 

resource utilisation was normal. The natural interest rate can be regarded as the interest 

rate that would prevail if there was no need for monetary policy to stabilise the real 

economy.

before we discuss the question of which factors determine the natural interest rate, 

there may be reason to comment on the definition of the term we are using here. in the 

theoretical literature on monetary policy, the potential output level and the natural interest 

rate are determined by the equilibrium of flexible prices and wages. in the empirical 

literature, other definitions of the term ‘potential output level’ are often used. naturally, by 

analogy with such alternative definitions of the output gap, alternative definitions of the 

level of the real interest rate that is compatible with a normal level of resource utilisation 

can be made. 

whaT DeTermines The naTUraL inTeresT raTe? 

The interest rate is determined by demand and supply in the credit market. To understand 

which factors influence this market, it is helpful to start by examining a stylized model, in 

which a representative household decides how much money to save (or borrow), and how 

much to use for consumption. in modern macroeconomic theory, it is assumed that the 

4 misallocation of resources can arise for many other reasons than just nominal constraints. however, when 
discussing monetary policy, it is natural to focus on these nominal constraints, since these are the causes of  
misallocation that the central bank can affect.
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household’s choice will be forward-looking – the household will choose consumption and 

savings to maximize the payoff from consumption today and in the future. To understand 

households’ behaviour, two basic assumptions are made regarding how consumption is 

valued over time. 

The first basic assumption concerns how the household values variations in 

consumption. Let us assume that the household has a given amount of consumer goods 

at its disposal, and that the household must determine how this consumption is to be 

allocated over time. will the household allocate its consumption evenly over time, or will 

it consume large amounts in certain periods and less in others? it is reasonable to assume 

that an increase of consumption is valued relatively highly if the initial level of consumption 

is low, while an equally large increase is worth less if the level of consumption is high. an 

optimising household will thus plan its consumption so that the value of consumption 

increases today and tomorrow are equal. This means that households prefer consumption 

that is fairly equal across time to consumption that varies across time. in other words, 

the household has a basic desire to consume approximately the same amount in all time 

periods. 

an example of this is pension savings. after retirement, income drops significantly for 

most households, and, to avoid an old age spent in relative poverty, it is very common for 

households to save a portion of their income during their working years. another example 

is that households often build up a certain savings buffer that can be used in times when 

expenses are unexpectedly high. The assumption of consumption smoothing has been an 

important part of macroeconomic theory since the 1950s, when modigliani and brumber 

(1954) and Friedman (1957) launched their hypotheses on life cycle savings and permanent 

income.

The second basic assumption is that households gets a higher payoff  from consumption 

early on, rather than consumption taking place at some point far in the future. Quite 

simply, households value consumption taking place today or tomorrow slightly higher than 

equivalent consumption taking place in one year’s time.5 it could be said that the value of 

consumption declines the further ahead in time it takes place.6

The two assumptions of the household’s preferences that we have described determine 

the choice between consumption and saving. The household’s preference for smooth 

consumption means that the household has reason to save during periods in which its 

income is unusually high and to cut back on saving (or borrow money) during periods 

5 in theoretical models, this is captured by the size of the household’s subjective discount factor. a higher value 
for the discount factor means that households value consumption today and in the future more equally.

6 it is possible to describe these two assumptions in a more technical manner. if households choose current and 
future consumption to maximise  
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)( tcu is the households’ benefit from consuming ct, then β 

captures the households’ time preference, and the degree of concavity in u captures the households’ aversion 
for variation of consumption over time. if β is less than one, households are impatient, which is to say that they 
value consumption today higher than consumption in the future.
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in which income is unusually low. by using the credit market, the household can thus 

sever the consumption level from the income level at any point in time. however, the 

household’s impatience is a force pushing in the opposite direction, as this impatience 

means that the household does not necessarily have reason to fully equalize consumption 

across time. instead, consumption is allowed to decline somewhat over time. as we have 

seen, consumption taking place today is valued slightly higher than that taking place in the 

future. 

if the household’s preferences suggest that consumption will decline over time, the 

return on saving (positive interest) creates a counteracting incentive. if the household 

chooses to postpone a little of today’s consumption to a later point in time, the household 

will be compensated via interest and will later be able to consume a little more than it has 

refrained from consuming today. all other factors being equal, the higher the interest rate 

is, the greater the reason for the household to postpone some of its consumption. Thus, 

there is a relationship between consumption and interest rates. in an economy where 

gDP and consumption grow over time, the rate of growth will have a significant impact 

on the real interest rate. as consumption grows, households have incentives to borrow 

to smooth consumption over time. if growth increases, households have incentives to 

borrow more, in turn driving up the real interest rate. in normal new keynesian models, 

the conclusion of this analysis is that the real interest rate is primarily determined by the 

growth in consumption expected by the representative household and by the strength of 

the household’s interest in consuming today rather than at a later date. The household’s 

expected growth in consumption is, in turn, closely linked to the expected growth rate of 

gDP.

because a single household is small relative to the size of the credit market, changes in 

that household’s saving decisions have no impact on the equilibrium interest rate. however, 

the interest rate is affeced if changes occur that cause many households to simultaneously 

change their balance between consumption and saving. assume, for example, that news 

of macroeconomic developments leads the average household to expect higher future 

rises in income than have previously been the case. as households prefer to spread 

consumption evenly over time, the average household thus has reason to decrease its 

current saving level. households cut back on their saving and immediately start to adjust 

their consumption to the higher expected income. The result is that net demand for loans 

increases, which, in turn, leads to a rise in the interest rate. if the average household 

becomes more optimistic regarding future growth rates, this will lead to an increase in the 

natural interest rate.

if uncertainty over its future income increases,  it is reasonable for a household to 

increase its buffer of saved funds, so that these savings can be used in case future income 

should be particularly low. intuitively, we can regard this scenario as an example of the 

average household’s impatience. in this case, many households simultaneously become 

less impatient. The result is that savings increases and the natural interest rate falls. This 

example is a reasonable interpretation of the changes in households’ saving patterns that 
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arose during the deep recession of 2008-2009, when households’ saving, as a proportion 

of disposable income, rose sharply.

The natural interest rate thus primarily depends upon the growth in consumption 

expected by the average household, and on households’ impatience. households’ 

expected growth in consumption is, in turn, closely linked to the expected growth rate 

of gDP. according to theory, there is thus a close connection between macroeconomic 

developments (growth in gDP) and fluctuations in the level of the natural interest rate.

sLUggish Prices give The cenTraL bank Power: The moneTary PoLicy  

Transmission

The natural interest rate is thus the price of saved funds that would have arisen had 

all prices and wages been flexible. however, as actual economies are characterised by 

sluggishness in price and wage formation, there is no reason to expect that the actual real 

interest rate should coincide with the natural real interest rate. instead, in actual economies, 

the short-term real interest rate is determined by the central bank. in this section, we first 

summarise how the central bank determines the real interest rate. Following this, we discuss 

what happens if and when the central bank chooses to set the real interest rate at a level 

differing from the natural interest rate.

The framework for the implementation of monetary policy takes different forms in 

different countries. in sweden, the riksbank controls the interest rate by determining the 

terms and conditions for the banks’ overnight deposits in and loans from the riksbank. 

These terms and conditions, in turn, set the limits for the interest rate charged by the banks 

to each other when they lend money to each other overnight. by way of repo transactions 

and what are known as fine-tuning operations, the riksbank ensures that this interest rate 

lies close to the repo rate determined by the riksbank’s executive board. by controlling 

the interest rate charged by the banks to each other when they need to borrow money or 

invest a surplus, the riksbank indirectly influences the interest rates offered by the banks to 

their customers, namely households and firms. 

in the previous section, we mentioned that inflation is a sluggish variable. one 

consequence of this is that the central bank’s control of the nominal interest rate also 

means that it controls the real interest rate, as the sluggishness of price and wage formation 

means that inflation changes relatively slowly. when the central bank adjusts the real 

interest rate, by adjusting the policy rate, the total demand in the economy is affected. in 

an actual economy, this takes place through several channels, for example through firms’ 

investment decisions and by influencing the exchange rate. in this article, we focus on the 

channel that depends on households’ choices between consumption and saving.

To briefly describe how changes in the real interest rate influence resource utilisation 

and inflation, we can consider an example in which inflation risks being above target and 

the central bank thus decides to raise the interest rate. assume that resource utilisation is 

normal to start with, but that the private sector has inflation expectations that are clearly 

above the inflation target. This could, for example, be due to expectations of high future 
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wage increases, which, in turn, are influencing the cost situation in the business sector. 

when inflation expectations are high, actual inflation also risks being above target. normal 

resource utilisation means that the actual real interest rate initially coincides with the natural 

interest rate. To prevent inflation from rising above target, the central bank raises its interest 

rate. This higher real interest rate changes the conditions for households’ choice between 

consumption and saving: saving becomes more profitable, at the same time as it becomes 

more expensive to borrow money. when households cut down on consumption, demand 

in the economy decreases. This makes firms decrease production, which means that their 

demand for labor and equipment also declines. in turn, this leads to a gradual decrease 

in the rate of wage increases. The rate of price increase for existing capital also declines. 

when firms realize that cost pressure is easing off, they adjust their prices accordingly: 

inflation becomes lower than it would have been if the central bank had left its interest rate 

unchanged.

by raising the real interest rate above the natural interest rate, the central bank has 

caused a drop in economic activity. The lower level of demand has led to a lower level 

of resource utilisation: firms have reduced both their labour force and their demand for 

equipment. a low level of resource utilisation has, in turn, led firms’ costs to increase at 

a lower rate than would otherwise have been the case, and the rate of price increase has 

thereby been dampened. 

however, the central bank’s ability to influence  the real interest rate is only short-

term. The average real interest rate over longer periods is determined by other factors 

than monetary policy, for example by the economy’s long-term growth rate, household 

impatience and any taxes on capital. The conclusion is thus that the central bank can allow 

the actual real interest rate to deviate from the natural interest rate for shorter periods, but, 

in the long run, the central bank finds itself forced to act so that the actual real interest rate, 

on average, is fairly close to the natural interest rate. 

The naTUraL inTeresT raTe anD The obJecTive oF moneTary PoLicy

The attitude monetary policy should take towards changes in the natural interest rate 

obviously depends on the aims of the central bank. in general, it can be said that the 

greater the emphasis placed by the central bank on stabilising resource utilisation, the 

greater reason it has to adjust the actual real interest rate to changes in the natural 

interest rate. This is a consequence of the definition of the term: we have defined the 

natural interest rate as the real interest rate that corresponds to a normal level of resource 

utilisation. in many cases, an inflation target also justifies adjusting the actual real 

interest rate to fluctuations in the natural interest rates. an actual real interest rate above 

the natural interest rate implies a downward pressure on firms’ cost levels, as resource 

utilisation would then tend to fall below a normal level. This kind of contractionary policy 

thus leads to a lower inflation rate. similarly, an expansionary monetary policy, in which 

the actual real interest rate is held below the natural interest rate, leads to rising cost levels. 

inflation will then tend to rise.
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however, in earlier sections, we have mentioned that various types of macroeconomic 

disturbances tend to drive resource utilisation and inflation in different directions. in 

general, under such circumstances, there is reason for the central bank not to adjust the 

actual real interest rate fully to changes in the natural interest rate. For example, if inflation 

increases at the same time as resource utilisation decreases, a short-term conflict will arise 

between the target of stabilising inflation and stabilising resource utilisation. if the central 

bank only took consideration of the target of stabilising the real economy, fully adjusting 

the actual real interest rate to changes in the natural economy would be justifiable. but 

when consideration is also taken of the target of stabilising inflation, there is reason to 

allow the actual real interest rate to be higher than the natural interest rate for a time. on 

one hand, such a policy would contribute to holding resource utilisation below a normal 

level for a longer period than would otherwise be the case. on the other hand, this 

contractionary monetary policy would also contribute towards preventing inflation from 

rising too far above target.

in practice, it is difficult to estimate the level of the natural interest rate, just as it is 

difficult to estimate the potential level of output.7 when the level of economic activity 

changes, it can take time before the central bank (and other analysts) can determine 

which underlying circumstances have changed and what the consequences will be for 

future economic development. resource utilisation can then fall below or rise above 

normal levels before monetary policy can react. in addition, it can take time to return 

resource utilisation to normal levels using monetary policy. it is thus difficult to prevent 

resource utilisation from occasionally lying above or below normal levels.8 

changes in the natural interest rate – some examples

an economy is continually affected by different types of disturbances. This, in turn, affects 

important macroeconomic aggregates such as consumption and gDP. The aim of this 

section is to explain, with the help of a relatively simple macroeconomic model, how some 

of these disturbances affect the natural interest rate. The purpose is to describe, in an 

intuitive manner, the relationship between the real economy and the natural interest rate. 

To this aim, we use a variant of a model presented by gali (2008). we have attempted 

to select disturbances that could have caused the deep recession of 2008 and 2009. The 

model is simple and cannot explain every aspect of the crisis. consequently, we do not 

attempt to relate the analysis included in the following section to any empirical evidence.

7 see, for example, Justiniano & Primicieri (2010) and Laubach & williams (2003).
8 For these reasons, there may be reason to differentiate between the natural interest rate that applies if resource 

utilisation is initially at a normal level, and the natural interest rate that applies if resource utilisation is initially 
below or above a normal level. in the latter case, we are thus interested in the level of the real interest rate 
that, if implemented, would be expected to return the economy to its potential gDP and growth rate within 
one or two quarters. This distinction is related to the difference made in the theoretical literature between an 
unconditional and a conditional output gap. see also adolfson, Laséen, Lindé & svensson (2010).
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UnexPecTeD changes in ProDUcTiviTy

Productivity varies over time and can have major effects on economic developments. when 

making assessments of the level of resource utilisation and the natural real interest rate, it 

is important to attempt to determine the extent to which positive or negative productivity 

disturbances have been temporary or permanent. in practice, productivity can be affected 

by many factors – for example, variations in the size of the capital stock or in how well 

the capital stock and the labour force’s capacity is being utilised (labour hoarding). in 

the model used here, productivity disturbances are changes in total factor productivity.9 

Disturbances in production technology can be divided up into temporary and permanent 

disturbances.10 we will now examine examples of how a negative productivity disturbance 

affects the economy, and analyse the difference between temporary and permanent 

negative disturbances.

Natural interest rate
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Figure 1. The effect on the natural interest rate of unexpected changes 
in productivity

The red dashed line shows the effect on the natural interest rate of a temporary 
and unexpected negative change, while the blue dashed line shows the effect 
of a permanent and unexpected negative change. The scale on the vertical 
axis is the yearly interest rate in percent.

The black line in Figure 1 shows the natural interest rate when the economy in the model 

grows along a balanced growth path with an annual real growth rate of 2 per cent. 

growth is driven by gradual and permanent improvements in the productivity of the labour 

force. The level of the interest rate can be related to the households’ choice between 

consumption and saving. as the economy is growing by 2 per cent per year, household 

consumption is also growing by 2 per cent per year, which, in turn, leads to an interest rate 

level that is constant over time. The interest rate level will then depend on the long-term 

9 a change of the total factor productivity means that the output level changes, even though the use of labour, 
capital and other inputs remain constant.

10 in this section, we use a simple new keynesian Dsge model, similar to the model described in chapters 2 and 5 
in gali (2008) (see appendix). The economic environment is very simple: we analyse a small, open economy in 
which the labour force is the only factor of production.
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growth rate and on household impatience. a long-term growth rate higher than 2 per cent 

will mean that the interest rate will rise. as households prefer a smooth consumption level 

over time, a higher expected growth rate means that household demand for loans will 

increase: by borrowing money today, households can immediately start to translate their 

expected future increase in income into higher consumption. This increased demand for 

loans will, in turn, drive up the real interest rate. 

The blue and red lines in Figure 1 show the effect on the natural interest rate of a 

negative disturbance to productivity impacting the economy. The red line shows the effect 

of a temporary disturbance that lowers the economy’s potential growth rate for a limited 

period.11 The effect on the economy’s potential output level is shown in Figure 2. initially, 

gDP develops according to the solid black line. before the temporary disturbance affects 

productivity, firms and households expect the potential gDP level to continue to grow 

according to the dashed black line. instead, in period 1, labour productivity falls quite 

steeply, and, consequently, the potential level of gDP also falls, as shown by the red line 

in Figure 2. however, this fall in gDP is temporary, and, after the disturbance in period 1, 

the potential growth rate becomes slightly higher than 2 per cent. in the long term, the 

economy is expected to recover from the entire fall in output level.

Figure 2. Impact on potential output level of an unexpected change of productivity

Production

GDP level

0 2 4 6 8 1210

The black dashed line shows private-sector expectations, in period zero, of the potential 
output level ten quarters ahead. The blue and red dashed lines show expectations in 
period one, following a temporary (red line) and permanent (blue line) disturbance to 
productivity.  

Quarter

The real interest rate is a forward-looking variable, and consequently, to understand the 

results of the model, it is important to understand how the households in the model form 

expectations of future developments. when households make their consumption and 

savings decision, they base their choice on the real return they expect to receive today and 

in the future. we also assume that households understand how the model economy works. 

11 Potential output level here refers to the production level in an economy with flexible prices.
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households have what are known as rational expectations. after a productivity disturbance 

has taken place in the first period, the households realise that gDP and consumption will 

grow faster than 2 per cent for a number of years, as the economy gradually returns to 

the long-term growth path. This higher expected growth rate means that households have 

a strong incentive to borrow against future income, which, in turn, initially pushes up the 

interest rate. when the economy later approaches the long-term growth rate, consumption 

growth is more in line with the long-term growth rate, which, in turn, means that the 

natural interest rate approaches its long-term level of 2 per cent.

if, instead, the economy is impacted by a negative, permanent productivity disturbance, 

the effect on consumption and interest rates will be quite different. The blue dashed line 

in Figure 2 illustrates that the initial fall in output is smaller12 than when the disturbance 

is temporary. however, the growth rate continues to be comparatively low for a couple 

of years, with no expectation of reaching the old growth path. after a couple of years, 

the potential growth rate again reaches about 2 per cent, but the potential output level 

is permanently lower than households and firms had expected before the disturbance 

occurred.

The effect on the natural interest rate (the blue dashed line in Figure 1) is a direct 

consequence of households’ expectation that the growth rates of gDP and consumption 

will be lower than 2 per cent for the next few years. The lower expected growth rate 

means that households’ incentive to borrow against future income becomes weaker, which, 

in turn, pushes the interest rate down. eventually, the interest rate gradually rises back 

towards its original equilibrium level, as the potential growth rate returns to 2 per cent. 

The conclusion of this analysis is thus that the effect on the natural interest rate of 

a disturbance to productivity depends on whether the disturbance is expected to have 

temporary or permanent effects. we have used a highly stylised model. in a more realistic 

model, for example one including capital, the effects on the natural interest rate will be 

slightly different.13

FiscaL PoLicy: increaseD governmenT sPenDing

when a government formulates its fiscal policy, one of its objectives may be to stabilize 

resource utilisation. so how is the natural interest rate affected by an increase in public 

expenditure? in the simple model we are studying here, it has been assumed that the 

public sector uses a portion of output for government spending. household consumption 

is equivalent to gDP minus government spending and net exports. an increase in 

government spending is modelled as an unexpected increase in the proportion of total 

output utilised for government consumption. The disturbance occurs in period 1, and 

entails an increase in the public sector’s share of gDP, and also that this share is expected 

12 This less severe initial fall is due to the fact that the permanent disturbance initially is fairly small. The 
disturbance does not reach full effect until several quarters later.

13 see also Jonsson (2002).
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to be higher than normal for a number of years. however, over time, government spending 

as a share of gDP falls back to the level prevailing before the disturbance occurs. 

5 10 15 20

5 10 15 20 5 10 15 20

0.04

0.03

0.02

0.01

0

0
-0.02
-0.04

-0.08
-0.06

-0.1

Percentage
change

Percentage
change

Real rate

2

2.02

2.04

2.06

The vertical axis in the figure for GDP and consumption shows the percentage deviation 
from the long-run output and consumption levels. The scale on the vertical axis in the 
figure for the real interest rate is in percent per year. 

Figure 3. Effects on potential GDP, consumption and the natural interest rate of an 
unexpected change in government spending

Production Consumption

Real rate

Quarter Quarter

Quarter

The effects on swedish gDP, consumption and the real interest rate of an increase in 

government spending are shown as the red dashed line in Figure 3. The upper left figure 

shows how the output level changes in relation to the long-run output level of the economy 

(steady state in the stationary model). The increase in government spending leads to an 

increase in aggregate demand, contributing to an increase in gDP. The utilisation by the 

public sector of a larger portion of total output means that private consumption becomes 

lower in relation to the initial position, as the increase in public expenditure via increased 

taxes reduces the private sector’s scope for consumption. however, as the disturbance 

dissipates, both public and private consumption return to the levels expected before the 

disturbance occurred. one consequence of this is that private consumption is initially low in 

relation to its long-term level. households’ willingness to smooth consumption thus pushes 

up the demand for loans, in turn also pushing interest rates up. after a while, the increase 

in government spending goes down, and consumption and the natural interest rate thus 

return to their long-term levels. 

Lower Foreign gDP

in this section, we analyse the effects on the domestic economy of an unexpected fall in 

foreign gDP. The international financial crisis and its effects on sweden’s foreign trade 

have dramatically illustrated the swedish economy’s dependence on foreign countries. The 

effects of a fall in foreign gDP on swedish gDP, consumption and the real interest rate are 

shown as a red dashed line in Figure 4. 
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Figure 4. Effects on potential GDP, consumption and the natural interest rate of an 
unexpected change in foreign GDP 

The vertical axis in the figure for GDP and consumption shows the percentage deviation 
from the long-run output and consumption levels. The scale on the vertical axis in the 
figure for the real interest rate is in percent per year. 

when output falls abroad, foreign demand for domestically-produced goods also falls. 

This leads, in turn, to a fall in domestic output and consumption.14  as in the case of 

a disturbance of government spending, this lower current consumption means that 

households expect more rapid growth in their consumption in the future. households’ 

willingness to maintain a smooth level of consumption thus pushes demand for loans 

upwards for a period, and thus also pushes the natural interest rate upwards. There is 

an indirect positive relationship between the natural interest rate abroad and the natural 

interest rate in sweden – falling output abroad pushes down consumption abroad, which, 

in turn, increases the natural interest rate abroad. conversely, a fall in the natural interest 

rate abroad entails a fall in the natural interest rate in sweden.

increaseD PrecaUTionary saving

in times of economic uncertainty, there may be reason for households to increase their 

savings. For example, consumption fell sharply during the international crisis of 2008, when 

the economic situation was more uncertain than normal. recessions normally also entail 

lower demand for labour, which can impact individual households via unemployment, 

temporary dismissals and other risks affecting income from work.15 here, we carry out 

14 among other factors, the mechanism described here depends on households’ preferences: if the model’s 
parameters assume other values, the effect on domestic production, consumption and thus the real interest rate 
can be the reverse. 

15 The models we have used for our analysis in this section do not allow any formal analysis of how uncertainty 
affects decisions by households and firms. The method most frequently used to analyse monetary policy models 
entails linearising the model’s equations around the model’s steady state. one characteristic of this linear 
model is that agents only take account of the expected future values of the stochastic variables affecting their 
decisions; uncertainty concerning these variables that are captured by second-order terms or higher are not 
taken into account. on the other hand, the effect of households temporarily becoming more patient can be 
analysed.
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a simplified analysis of such risks by studying the effects of a reduction in household 

impatience. 
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Figure 5. Effects on potential GDP, consumption and the natural interest rate of an 
unexpected fall in households’ willingness to consume today 
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a temporary fall in households’ willingness to consume today temporarily pushes 

consumption down. as consumption propensity is low in times of crisis, households will 

wish to increase their saving. in turn, the reduced net demand for loans will push the real 

interest rate down.

concluding remarks

how monetary policy affects the economy depend on the relationship between the level 

of the actual real interest rate and that of the natural interest rate. The usual starting 

point is that monetary policy is characterised by its effect on resource utilisation.  we 

call a monetary policy ’contractionary’ if, in the medium term, it is expected to result in 

resource utilisation below the normal level, while a monetary policy that leads to resource 

utilisation above the normal level is called ‘expansionary’. in this perspective, the definition 

of what constitutes a normal level of resource utilisation is central to the question of how 

monetary policy should be assessed. here, we have used the new keynesian definition 

of normal resource utilisation. The potential or ‘natural’ output level and growth rate are 

those that would prevail if all prices and wages were fully flexible. The sluggishness of price 

and wage formation normally give rise to a difference between actual gDP and the actual 

growth rate, on one side, and natural gDP and the natural growth rate on the other. These 

differences imply deviations in resource utilisation from its normal level.

Just as nominal sluggishness gives rise to differences between actual and natural gDP, 

a difference also arises between the actual real interest rate and the real interest rate that 
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would arise if prices and wages were flexible – the natural interest rate. in other words, the 

natural interest rate is the interest rate that is compatible with a normal level of resource 

utilisation. if the central bank equates the actual real interest rate with the natural interest 

rate, resource utilisation can be expected to be normal. an actual real interest rate that 

is lower than the natural interest rate means that actual gDP will be higher than natural 

gDP, so that resource utilisation will be higher than normal. when the central bank sets 

the actual real interest rate below the natural interest rate, monetary policy can thus 

be said to be expansionary. conversely, an actual real interest rate above the natural 

interest rate leads to resource utilisation being lower than normal. monetary policy is then 

contractionary. 

it could be asked in which way the definition of the natural interest rate contributes 

towards a constructive discussion on monetary policy. after all, whether a particular 

announced monetary policy is expansionary or contractionary can be determined through 

an examination of the forecast for resource utilisation and inflation included in the 

announced policy. 

The definition of the natural interest rate is reminiscent of an important insight supplied 

by new keynesian theory. The level of the real interest rate that is compatible with a 

normal level of resource utilisation varies over time. The efforts of a central bank to 

normalise resource utilisation in a given situation is thus not the same thing as that central 

bank’s efforts to bring the interest rate to a certain average, constant level. The level of the 

real interest rate that is compatible with a normal level of resource utilisation is, instead, 

highly dependent on the currently prevailing macroeconomic circumstances.

a problem is the significant difficulties associated with each estimation of the natural 

interest rate. it is often difficult to rapidly and correctly identify the disturbances affecting 

the economy. as we have seen above, a change in productivity (for example) can have 

completely different effects on the natural interest rate, depending on whether this change 

is temporary or permanent. a closely-related difficulty is formed by what is known as 

model uncertainty. results from the scientific literature indicate that different economic 

models give different predictions of how the natural interest rate is affected by different 

disturbances. empirical studies of the natural interest rate in other countries also seem to 

produce quite varied views of the natural interest rate.16

another important aspect deals with the difference between the real interest rate at 

present and the private sector’s expectations of future real interest rates. new keynesian 

theory usually assumes that all households and firms take conscious and fully-informed 

decisions. one result of this is that expectations of future developments play an important 

part in most economic decisions. instead of only talking about the natural interest rate, it is 

thus often appropriate to consider the expected path for the natural interest rate.

16 see, for example, andres, Lópes-salido & nelson (2008), who estimate the natural interest rate for the United 
states and compare with other studies. 
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appendix. Permanent output disturbances in gali’s model

in this appendix, we describe how permanent productivity disturbances or shocks can 

be added to a model that closely follows gali (2008).17 in a model with permanent 

productivity disturbances and a growing technology trend, such as the one we analysed in 

section 2, certain variables such as output and real wages, for example, will increase over 

time. The growing variables are ‘detrended’ by dividing the variables that grow over time 

in the model by the (growing) level of technology Zt. This lets us calculate, for example, 

output Yt in terms of what is known as output in efficiency units Yt / Zt, which is constant 

over time.18  The difference between the model in gali and a model with permanent 

disturbances in technology is that the consumers choice between consumption and saving 

– what is known as the euler equation – is modified. without permanent technology 

shocks, this is:
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where ct is aggregate consumption in period t, 
	  
( )1+tt cE  consumers’ expectations in 

period t of consumption in the next period, rt the real interest rate, σ (the inverse of) 

the intertemporal substitution elasticity and 
	  
tρ  a parameter that captures individuals’ 

subjective time preference. in a model with permanent technology shocks19, the euler 

equation instead becomes:
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where 

	  
t
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t Z

Zz 1
1 log +
+ = . individuals also decide how to allocate time between leisure and 

work. specifically, individuals choose leisure and work so that the price of leisure – real 

wages – is equal to the marginal rate of substitution between work (which provides more 

consumption) and leisure:

tttt ncpw += ,  (a3)

where wt is wages, pt the price level, nt hours worked and 	  ϕ  (the inverse of) the elasticity 

of the number of hours worked with regard to changes in real wages – the Frisch elasticity.

17 see gali (2008), chapters 2 and 5.
18 in a model without capital, the (non-logarithmic) production function is 

	  
tttt NZAY =  , in which At is a 

technological process with a constant trend, Zt is a technological process with a growing trend and Nt is hours 
worked. as gDP has a growing trend but hours worked are constant in the long run, we rewrite the production 
function in terms of efficiency units as 

	  
./ tttt NAZY =

19 in a standard model, the (non-logarithmic) euler equation (compare with (7) in gali) is given by 
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− = )()( 1  where Ct is aggregate consumption, β households’ subjective discount factor and Rt the 

real interest rate. as consumption grows over time, we rewrite this as 
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we allow the discount factor to be time-varying and let 
	  

tt βρ log−= .
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capital is ignored in the model, and output yt is then given by:

ttt nay += , (a4)

where at is a temporary output shock. 

Firms maximise their profits, and set prices and determine employment so that labour costs 

– the real wage – are the same as workers’ marginal product: 

,tttt napw =   (a5)

in addition, the economy is open and the model thus includes foreign trade. aggregate 

consumption then consists of goods produced both in the country and abroad. in the 

model, households also have the possibility of investing in domestic and foreign bonds. in 

normal new keynesian models, individuals’ choice of foreign and domestic assets gives an 

interest rate parity condition in terms of nominal exchange rates and interest rates. as we 

are analysing a model with flexible prices and wages, we instead obtain an interest rate 

parity condition in terms of the relationship between changes in the real exchange rate 

qt, the real interest rate differential between sweden and the rest of the world, and a risk 

premium that depends on the net asset position bt towards the rest of the world:
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where 
	  

*
tr  is the real interest rate abroad and εb describes the sensitivity of the real 

exchange rate to changes in the net asset position.20 The net assets depend on yesterday’s 

net asset position and net exports xt:

	  
,1 ttt xbb += −κ

where 	  κ  is a constant. in turn, net exports depend on gross exports which closely follow 

foreign gDP,
	  

*
ty , and gross imports which are determined by domestic consumption and the 

real exchange rate: 
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1
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where α is the share of imports and η is the degree of substitutability between domestically 

produced goods and imported goods. The resource constraint of the economy is given by 

( )( ) ( ) ( ) ttttt ggqgygcgy ++++=
1

1111 * , (a8)

20 in the model, we use the euler equations at home and abroad so that (a6) becomes 
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b
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where gt is government spending, γ is elasticity between imported goods and 
	  
g  is the 

average share of government spending out of gDP. The model then consists of the 

equations (a2)-(a8). 

The two productivity shocks follow the processes:
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where 
	  
zρ  and 
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innovations. Foreign gDP, government spending and individual’s subjective time preference 

follow the processes:
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where
	  
yρ , 
	  
gρ and 

	  
ρρ   are the degree of persistence in the shocks and, 

	  

y
tη , 
	  

g
tη and 

	  

ρη t  are 

innovations.

when calculating the effects of the different shocks, we set the intertemporal substitution 

elasticity 1/σ to 1 (in the case of productivity shocks) or 0.3 (in other cases), labour supply 

elasticity 1/σ to 1 and the import share α to 0.4, elasticity between imported goods γ to 1 

and the proportion of government spending 
	  
g  to 0.2. in addition, we set the risk premium 

parameter εb to 0.01, the degree of substitutability between domestically-produced 

goods and imported goods η to 4 and 	  κ  to 0.9999 (in the case of productivity shocks) or 

0.995 (in the other cases). we set the persistence parameters in both productivity shock 

processes to 
	  

8,0=aρ  and 
	  

7,0=zρ . we also determine the long-term growth rate and 

households’ time preference so that the real equilibrium interest rate is two per cent over 

the long term.  The persistence parameter in the shock processes to foreign gDP is 0.86, in 

government spending 0.9 and in individuals’ subjective time preference 0.8.
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