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Who is borrowing – for what – and can they 
afford it? A study of comprehensive micro 
data for Norwegian households trough 2006

Bjørn Helge Vatne, special adviser, Financial Markets Department and Research Department1

New micro data enable us to analyse household debt behaviour through 2006. We can identify 
households that borrow net and households that repay debt. Even though we only follow house-
holds over one year, the information on the distribution of borrowing and repayments across 
households sheds new light on important questions in the assessment of household credit risk.

Half the households increased their debt in 2006. Most new loans were small, but gross debt 
growth is dominated by a relatively small number of large loans. Loans are mainly given to house-
holds with sufficient debt-servicing ability. Many households take on as much debt as they can 
bear. The total debt to disposable income ratio has increased. An increasing percentage of debt 
is found among households with a high debt to income ratio. If we adjust income for basic living 
expenses, the analysis shows essentially unchanged credit risk. The data indicate that young first-
time homebuyers do not have a larger probability of default than other groups.

1 Introduction

Household debt behaviour is important when assessing 
the risk of the loan portfolios of financial institutions. 
First, a widespread failure in the ability of households 
to service their debt will increase financial institutions’ 
losses on loans to households. Second, households in 
financial distress will tend to reduce their demand for 
goods and services from the corporate sector. In turn, 
this will reduce corporate earnings and increase the 
probability of default on corporate loans.

Household debt-servicing capacity is primarily depend-
ent on household income.

We assume that households prioritise basic consump-
tion such as food and clothing before they service their 
debt. The level of basic consumption will vary across 
households depending on their size and composition as 
well as individual preferences. Liquid financial assets 
may increase household debt capacity in the short run.

Total debt growth in the household sector is driven 
by demand for loans and the willingness of financial 
institutions to grant loans. Debt-servicing capacity is the 
primary criterion when a loan application is considered. 
The size of the loan, the lending rate and other lending 

terms are often determined by the quality of the col-
lateral.

Credit risk is influenced by developments in vulner-
able groups of households. We are especially interested 
in households that increase their debt. We assume that 
households that are able to pay both interest and prin-
cipal on their loans are less likely to default. Credit risk 
can be analysed further by dividing households into age 
and income groups. Distribution over age groups gives 
information about the life-cycle considerations of the 
households. It is commonly assumed that households 
use the credit market to smooth consumption over the 
life cycle. Investments in housing are the main reason 
for taking on debt. Households commonly buy their first 
home early in their working life. Distribution over income 
gives insight into debt-servicing capacity. Households 
with higher income can, all other things equal, service 
more debt than households in low-income groups.

In Section 2, we describe and motivate the use of micro 
data. In Section 3, we look at debt behaviour by age and 
household income. Section 4 explores the connection 
between debt behaviour and changes in capital assets 
such as houses and cars. We focus on debt-servicing 
capacity in Section 5 and identify households that take 

1 Thanks to Statistics Norway for support in building up the data set. Thanks to Sigbjørn Atle Berg, Steinar Selnes, Jens Olav Sporastøyl, Helle Snellingen and 
Raymond Lokshall for useful comments. Earlier articles about this topic are published in Economic Bulletin no 2/2006 and 4/2006
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on debt that seems to exceed their capacity. In particular, 
we look at the situation of homebuyers. The results are 
used to assess the development in credit risk in relation 
to the increase in debt in the household sector. Section 6 
provides a summary.

2 Background
Why study debt behaviour at the household 
level?

The analysis of micro data is demanding. Considerable 
work is required to understand the definitions and con-
struct the data set. In addition, micro data are not up-to-
date. Production of the statistics often takes more than a 
year. So why bother?

The behaviour of the household sector is important for 
financial stability. Households account for an increasing 
percentage of total loans. Households are heterogene-
ous, as is their financial situation. Not every household 
has debt. Most households have few problems servicing 
their debt. Thus, potential credit risk is concentrated on 
a limited number of households in a distressed finan-
cial situation with large amounts of debt. A thorough 
analysis on large micro data sets can be used to identify 
these pockets of credit risk. Identifying these households 
and understanding their financial situation is the key 
to understanding the development of credit risk in the 
financial sector.

Many central banks are now using micro data to 
analyse risk in the household sector. Most micro data 
are survey data based on interviews. Some examples 
of such surveys are the British Household Panel Study, 
see Redwood and Tudela (2004) and the Household, 
Income and Labour Dynamics in Australia Survey (see 
Rochelle Belkar and Edwards (2007)). In recent years, 
register-based data sets from sources such as tax returns 
have been made available for analysis. Especially in the 
Nordic countries, these data have become an important 
tool for understanding the household debt situation (see 
Johansson and Persson (2006), Riiser and Vatne (2006) 
and Herrala and Kauko (2007)). Micro data information 
has become an important part of the financial stability 
reports of central banks (see Norges Bank (2006)).

Stress tests and sensitivity analyses are currently import-
ant tools in assessing financial stability. Some important 
issues are how debt growth is distributed across house-
holds, and how sensitive households are to changes in the 
economic environment such as interest rate changes. To 
answer these questions, we need to understand economic 
developments at the household level.

 The data set
The primary data source used in this analysis is Statistics 
Norway’s Income Statistics for Households Statistics 
Norway (2008). The data include all persons registered 
in the national register. In the analysis we follow the debt 
behaviour in private households between 31 December 
2005 and 31 December 2006.

We have made the following extract for this analysis:
• All persons registered in the national register both 

at 31 December 2005 and 31 December 2006, i.e. 
births, deaths, immigrations and emigrations are 
excluded.

• Households with registered debt at 31 December 
2005 and/or 31 December 2006.

• Private households, i.e. self employed are excluded 
(since it is hard to distinguish private economy from 
the economy of the firm).

• Households with positive after-tax income.

Each person is connected to a household. A household 
is mainly persons registered at the same address at 31 
December 2006. On average, a household consists of 2.1 
persons. Table 1 gives an overview of the data set. 81 % 
of the private households reported debt at 31 December 
2006.

Table 1 Number of households and debt in sample 
and in total data set 

Debt

House-
holds 
(1000)

Mean 
(NOK 
1000)

Total 
(NOK 

billions)

All households at 31 Decem-
ber 2006

2 191 735 1 610

Private households at 31 
December 2006

2 096 697 1 461

Private households with debt 
at 31 December2006

1 696 861 1 461

Private households with debt 
at 31 December 2005 and/or 
31 December 2006 and with 
positive income

1 733 836 1 450

Sources: Statistics Norway and Norges Bank

The data on income, bank deposits, interest expenses 
and financial assets have been drawn from tax returns 
for all members of the sample households. The age of 
the households is given in the data as the age of the 
main income earner. Data on tax-free income have 
been obtained from a number of public registers. 
Using the standard budget for households developed 
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by the National Institute for Consumer Research, SIFO 
(2008), we can calculate the cost of a reasonable level 
of consumption for an average household of varying 
size; reasonable implies a level that is acceptable to the 
majority of households. This consumption level meets 
requirements for normal health and nutrition standards 
and allows household members to participate in the most 
common leisure activities. We have included home-
related living expenses other than interest and principal 
payments, such as electricity and maintenance, as these 
are not included in the SIFO budgets.

3 Household borrowing and loan 
repayment

Half of the households increased their debt. 
Debt growth is dominated by a relatively 
small number of large loans

We divide the households in the data sample into two 
groups:

1. Borrowers: households with a net increase in debt in 
2006

2. Repayers: households with a net reduction in debt (or 
constant)

Half of the households that reported debt were net bor-
rowers (see Table 2). At the beginning of 2006, the 
borrowers had an average debt of NOK 702 000 and 
an average debt increase of NOK 320 000. This results 
in a debt growth of 46% for borrowing households. 
The average disposable income of this group was NOK  
370 000.

The other half of the households makes loan repay-
ments, on average 16% of existing debt. If we assume 
linear repayment this corresponds to a repayment time 
of 6.25 years on existing loans and about 12.5 years on 
new loans. This is a faster repayment rate than we had 
expected given that the mean term of loans has increased 
considerably over in recent years and is now over 
20 years (see the Financial Supervisory Authority of 
Norway (2008)). About 90% of loans to private house-
holds are mortgage loans.

According to the micro data, overall debt growth in 
2006 was 13% (see Table 2).

Borrowing is often connected to investments in larger 
purchases such as housing and cars. Thus, we expect 
that total debt growth is driven by a limited number of 
households taking on large loans. This hypothesis is 
confirmed by the data (see Chart 1). Loans of more than 

NOK 1 000 000 000 account for more than half the total 
debt growth. However, only 10% of the loans are this 
large. More than one third of the new loans were less 
than NOK 50 000.

The credit risk of debt growth depends on which groups 
of households take on debt. In the following, we divide 
the households into groups according to age and income 
at 31 December 2006. We study life-cycle behaviour 
through the age groups. The households are divided into 
five equal-sized groups by rising after-tax income.

Debt growth is highest among young house-
holds and households with low income

Growth in total debt for younger households and house-
holds with middle to low income is higher than for the 

Table 2 Key statistics, borrowers and repayers in 
2006

Borrow Repay Total

Number of households (1000) 861 873 1 733

Per cent of households 50% 50% 100%

Total debt at 31 December 2005 
(NOK billions)

677 604 1 281

Debt at 31 December 2005, mean 
(NOK 1000)

702 775 739

Debt change from 31 December 
2005 to 31 December 2006, mean 
(NOK 1000)

320 –122 97

Debt change from 31 December 
2005 to 31 December 2006, per 
cent

46% –16% 13%

Disposable income at 31 December 
2005, mean (NOK 1000)

370 396 383

Change in debt as percentage of 
disposable income , mean

86% –31% 25%

Sources: Statistics Norway and Norges Bank

Chart 1 Borrowing in 2006 by size. Per cent of borrowers 
(households) and per cent of total debt accumulation
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average household (see Charts 2 and 3). Overall, the dis-
tribution of debt is shifted towards younger households 
and households with lower income through 2006 (see 
Charts 4 and 5). In isolation, this is a sign of increased 
credit risk on loans to households. However, the favour-
able development in income and cost of living may have 
improved the debt-servicing ability of these groups. We 
look more closely at debt-servicing ability in Section 5.

The age group 25–34 years accounts for a 
large share of borrowing. Many households in 
this group borrow and the amounts are high

We assume that the group of household that takes on 
new debt is especially important for the development of 
credit risk. Total debt growth can be decomposed into 
the number of households in each group that increases 
debt multiplied by average borrowing in the group.

It is common to assume that households use the credit 
market to smooth their consumption over the life-cycle. 
The income of the household often increases through 
working life and decreases towards retirement, i.e. 

young households take on debt in early years and repay 
later in life. Investment in housing is a main reason why 
households incur debt. We expect high debt growth in 
age groups where households normally buy their first 
home or upgrade to larger houses. Chart 6 confirms 
that the age group 25–44 accounts for the larges share 

Chart 3 Debt growth in 2006 across income groups. Per cent 
of debt in  group  at the beginning of the year
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Chart 5 Percentage of total debt across income groups  at 
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Chart 6 Borrowing and repayment in 2006 across age groups. 
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Chart 2 Debt growth in 2006 across age groups. Per cent of 
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of borrowing (53% of total volume). More than 40% of 
households that borrow are in this group (see Chart 7).

The percentage of households that borrows decreases, 
as expected, by age. In the youngest age groups, 80% of 
the households in the sample borrow. Many households 
in this group are new households and many are students. 
Student loans have more favourable lending terms than 
regular loans. The average loan size is highest in the age 
group 25–34 years at NOK 420 000 (see Chart 8). The 
average loan size decreases with age, but not as fast as 
we expected. Note that there are many households that 
reported no debt in the analysis period and are thus not 
included in the sample. Households older than 55 years 
account for 17% of total borrowing. A reason for this 
may be that banks have marketed new products, such as 
credit lines secured on dwellings with low loan-to-value 
ratios, to these age groups.

Repayments peak in the age group 35–44 years. Younger 
households account for a substantial share of repayment.

The percentage of households that borrow is 
almost constant across income groups. High 
income households take on larger loans

The debt-servicing capacity of a household is depend-
ent on income growth over the term of the loan. Young 
households on average have lower income than older 
households. We expect to find high debt growth among 
households with high income. On the other hand, high 
income groups might repay their loan faster.

Chart 9 shows that both borrowing and repayment 
increase with income. The households are divided into 
five equal-sized groups by income after tax. One third 
of the debt increase is found in the group with the high-
est income. The same group accounts for almost half of 
total repayment. Repayment is more income-dependent 
than the increase in debt. An explanation can be that 

households often are in a higher income group when 
they repay loans than when they borrow.

Except for the lowest income groups the proportion of 
households that borrows is fairly constant across income 
groups (see Chart 10). About 45% of the households 
in these groups borrow. This suggests that all income 

Chart 7 Borrowers in 2006 across age groups. Per cent of all 
borrowers across groups and per cent in group that borrowed
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Chart 8 Average loan size and repayment in 2006 across 
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Chart 9 Borrowing and repayment in 2006 across income groups. 
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Chart 10 Borrowers in 2006 across income groups. Per cent of 
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groups have good access to the credit market. The high 
rate of borrowing in the lowest income group can be 
explained by student loans. The average size of loans 
increases significantly by income group (see Chart 11). 
The loans of the highest income groups are on average 
four times as large as in the lowest income groups. There 
is a clear correlation between the size of the loans and 
debt-servicing ability.

Chart 12 shows borrowing across age (5-year inter-
vals) and income levels (20 groups) simultaneously. As 
previously observed, borrowing increases with income. 
However, we can see that the age profile differs across 
income groups. In the highest income groups, the dis-
tribution of borrowing is more bell-shaped. This might 
reflect lower investment in housing among high-income 
groups than among lower income groups. As mentioned 
there are more wealthy households in older age groups. 
In middle-income groups we observe an increase in bor-
rowing in the age group over 50 years. These households 
may raise debt secured on dwellings with a low debt-to-
value ratio. The distribution of the lowest income group 
is an outlier. There may be two explanations. First, this 
group may include some wealthy households with low 
income due to tax planning. Second, this group may con-
tain young households with mortgages secured by their 
parents’ income or dwellings.

4 Loans and investment in consump-
tion capital

The data include information on the value, assessed 
for tax purposes, of housing, holiday homes and boats. 
Unfortunately, the assessed value does not correspond 
to the market value of the assets. However, the assessed 
value can be used to ascertain whether the household 
has bought new assets, i.e. the assessed values have 
increased more than the adjustments provided by the 
taxation authority (25% in 2006).

One third of loans are connected to housing 
investment

Housing is the most important asset when households 
take on debt. 34% of new loans were granted to house-
holds with dwellings whose assessed value increased 
(see Chart 13). This level is consistent with figures 
from a survey conducted by The Financial Supervisory 
Authority of Norway (2008). Half of the loans were 
first-time home loans, loans to households that had 
not reported the assessed value of the home before 
loan approval. Car and boat loans also accounted for a 

substantial share, i.e. 24% of the total. Holiday homes 
accounted for 17% of the loans. 40% of the loans relate 
to households with no increase in assessed value of 
any of these assets. This debt may have been used for 

Chart11 Average loan size and repayment in 2006 across 
income groups. NOK 1000 
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other purposes such as refurbishing of existing housing, 
financial investments or consumption. Note that these 
investments are not mutually exclusive, i.e. a household 
can buy a house and a car in the same year. The sum of 
the fractions does not add up to 100.

5 Household debt raising and debt 
capacity

The risk of default in financial institutions’ household 
loan portfolios is linked to the debt-servicing capacity 
among borrowing households. According to banks, debt 
capacity is the prime criterion when loan applications 
are considered. Collateral comes second. We use two 
indicators to calculate debt capacity:

1)  Debt burden, i.e. debt in per cent of disposable 
income. Disposable income is income after tax less 
interest on loans. Debt burden can be interpreted as 
the number of years it takes to repay the loan given 
that all disposable income is used for this purpose.

A problem with using relative debt burden as a measure of 
credit risk is that a high income household can service more 
debt relative to income than a low income household given 
the same living expenses. Thus, we also use a measure that 
adjusts for the development in living expenses:

2) We define the financial margin of a household as 
income after tax, interest on loans and basic living 
expenses. We divide the margin by monthly after-tax 
income. The interpretation is how many months of 
income the household can loose before experiencing 
financial stress.

Financial margins from a historical  
perspective
Analyses of financial margins in micro data were first 
published by Sveriges Riksbank, (see Johansson and 
Persson (2006)). Vatne (2006) describes the development 
of financial margins in Norway in the period 1987–2004. 
Overall household margins have increased substantially 
in the past 20 years (see Chart 14). The reasons for this 
are strong income growth combined with low growth 
in living expenses, mainly due to cheap imports and 
relatively low interest rates. The share of income used 
to cover ordinary living expenses and borrowing costs 
has decreased. Most households have solid margins, 
although some households have small or negative mar-
gins. The share of households with negative margins has 
decreased over the period analysed.

Households with good debt-servicing ability 
account for most of the borrowing. Many house-
holds take on as much debt as they can bear

A rule of thumb says that the debt burden should be less 
than three times gross income. Three times gross income 
roughly corresponds to 4–5 times disposable income. 
In 2006, more than 70% of the loans were extended 
to households that have debt below 3 times disposable 
income prior to the new loans (see Table 3). 11% of total 
loans were granted to households with more debt than 
5 times disposable income. After loan disbursements, 
half of the loans can be found in households with a debt 
burden over 5. As a result, the distribution of debt in all 
private households is shifted towards a higher debt bur-
den (see Chart 15). This indicates increased credit risk 
on banks’ loans to households.

Chart 14 After tax income ex dividends , divided into living 
expenses, interest and margin. Total private households. 
Billions of  2006-NOK. 1986-2006

0

200

400

600

800

1986 1989 1992 1995 1998 2001 2004
0

200

400

600

800
Living expences
Interest
Margin

Sources: Statistics Norway, National Institute for Consumer 
Research and Norges Bank

Debt burden at 31 December 
2006

Debt burden at 31 December 
2005

0–1 1–3 3–5 5– Total

0–1 4 10 11 13 37

1–3 0 10 11 14 35

3–5 0 0 6 10 16

5– 0 0 1 11 11

Total 4 20 28 48 100

Table 3 Loans in 2006 by debt burden1) before and 
after loan disbursements. Per cent of total loans

1) Debt as percentage of disposable income
Sources: Statistics Norway and Norges Bank



11 NORGES BANK ECONOMIC BULLETIN 2/2008

On the other hand, if we consider the development in 
credit risk by financial margins we obtain a different pic-
ture to that provided by debt burden (see Table 4). 21% 
of the loans were extended to households with a margin 
of less than 3 months of after-tax income. After bor-
rowing, the percentage of total debt in households with 
negative or small financial margins is nearly unchanged 
(see Chart 16). By this indicator the credit risk associ-
ated with loans to households has not increased much 
through 2006.

Are young first-time homebuyers more finan-
cially distressed than other households?

Some argue that due to the sharp rise in house prices 
over the past decade young households buying their first 
home are forced to take on higher loans than they can 
afford and thus constitute a pocket of risk in financial 
institutions’ loan portfolios. To investigate this hypoth-
esis we take a closer look at loans granted to households 
aged 24–35 years that bought their first home in 2006. 
This group accounts for 7.6% of total borrowing.

The data does not support the hypothesis that young 
first-time homebuyers are especially financially dis-
tressed (see Chart 17). Loans with negative or small 
margins occur in a smaller percentage of the loans in 
this group than among other homebuyers and other bor-
rowers. Over 80 % of the borrowers in this group have a 
margin of 3 months after-tax income or more.

There may be several reasons for this. First, first 
homes tend to be smaller and more affordable than sec-
ond homes. Furthermore, it might be the case that the 
credit rating in banks is stricter for this group. Only the 
young households with the strongest financial position 
are granted loans by financial institutions. Young house-
holds have on average lower income and little security.

Is debt growth backed by financial assets?

Household financial assets, i.e. bank deposits and secu-
rities, have increased in the period of debt growth (see 
Norges Bank (2008)). To what extent can these assets 
serve as security for the debt accumulated? To answer 

Table 4 Loans in 2006 by margin1) before and after 
loan disbursements. Per cent of total loans

1) Margin in months of after tax income
Sources: Statistics Norway, National Institute for Consumer 
Research and Norges Bank

Margin at 31 December 2006

Margin at 31 
December 2005

Nega-
tive

0–3 3–6 6–9 9–12 Total

Negative 5 2 2 0 0 10

0–3 1 5 4 0 0 11

3–6 1 4 27 5 0 37

6–9 0 1 8 26 1 35

9–12 1 0 1 3 2 7

Total 9 12 41 35 3 100

Chart 16 Total debt in 2005 and 2006 by margin. Margin in 
months of after tax income. All private households. 
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Chart 17 Loans in 2006 by margin. Margin in months of after 
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this question, we look at the ratio of debt to the assessed 
value of financial assets (see Chart 18). Half the borrow-
ing is found in households where the value of financial 
assets is less than 10% of the debt. Only 20% of borrow-
ing relates to households where financial assets amount 
to more than half the debt. We can conclude that debt 
is secured on financial assets to only a limited extent. 
This is no surprise. It seldom pays to borrow rather than 
drawing on the financial assets.

6 Summing up

New comprehensive micro data on households from 
Statistics Norway enable us to identify households that 
borrow net and households that repay debt through 
2006. This information can be used to identify pockets 
of credit risk in the financial institutions’ loan portfo-
lios. We can also observe changes in the stock of capital 
assets such as houses and cars. Some main results are:

• Half of the households borrowed in 2006. Most 
loans are small. Total debt growth is dominated by 
relatively few but large loans.

• The debt behaviour of the households shows a clear 
life-cycle profile with borrowing being highest 
at early ages, but older households borrow more 
than we expected. Both borrowing and repayments 
increase with income.

• Relative debt growth among young households and 
in households with low income is higher than aver-
age. Strong income growth combined with a low 
increase in basic living expenses and low interest 
rates might have increased the debt-servicing ability 
of these household groups by more than average.

• More than one third of the borrowing relates to 
housing investment. Half of this is related to first-
time home investments. One fourth of total borrow-

ing is used for boats and cars. 40% does not involve 
raising tax values of real capital. A considerable 
share of this is probably used for refurbishing exist-
ing homes, financial investments or consumption.

• Loans are mainly extended to households with suf-
ficient debt-servicing ability. Many households take 
on as much debt as they can bear.

• Young first-time homebuyers do not seem to have 
a higher probability of default than other household 
groups.

• Household borrowing is only to a limited extent 
secured by financial assets.

• We are not able to conclude whether the credit 
risk associated with the loans to households has 
increased or decreased trough 2006. On the one 
hand, the debt to income ratio has increased. On 
the other hand, if we adjust income for changes in 
basic living expenses the analysis shows essentially 
unchanged credit risk. Irrespectively, we have to 
consider a longer period of analysis before a conclu-
sion can be drawn.
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Price-setting behaviour of Norwegian firms – 
results of a survey
Nina Langbraaten, Monetary Policy Department, Einar W. Nordbø, Economics Department, and Fredrik 
Wulfsberg, Research Department1

In the first half of 2007, Norges Bank conducted a survey of price-setting behaviour among a ran-
dom sample of Norwegian firms. This article presents the results of the survey. The background to 
the survey is that modern monetary policy theory makes a number of assumptions about how the 
individual firm sets its prices. For example, it is often assumed that all firms are alike, that there is 
a certain interval between each time a price is changed, and that price-setters are forward-looking. 
At the same time, aggregate price movements are a result of all participants’ pricing decisions. 
An insight into what determines prices at the individual firm is therefore very useful for a central 
bank. The results of the survey support a number of key theoretical assumptions. Almost half of the 
firms in the survey stated that they change their prices only once a year. Firms have some market 
power and set the price as a mark-up over costs, and expectations of the future play a role when 
firms set the price. Other results from the survey fit less well with the assumptions often made in 
the literature. For example, there are clear differences in price-setting behaviour between different 
types of firms. There is also little support for the direct costs associated with changing the price 
being an important reason why many prices remain unchanged over time.

1 Introduction
Monetary policy in Norway is oriented towards main-
taining low and stable inflation. Importance is also 
attached to stabilising output and employment. To be 
able to understand and predict how monetary policy 
impacts on macro variables such as output, employment 
and inflation, it is useful to have information on what 
lies behind the choices made by each individual agent in 
the economy. Which factors determine firms’ price-set-
ting is a particularly important question. This is because 
modern monetary policy theory is based directly on how 
each individual firm is assumed to set its prices.

In theoretical models, it is often assumed that there is a 
certain interval between each time the price of a particu-
lar good or service is changed. It is this sluggishness in 
price-setting that enables monetary policy to impact on 
the real interest rate – and thereby also on real variables 
such as output and employment – in the short term. In 
the long term, monetary policy determines only inflation. 
The stickier prices are, the greater the potential monetary 
policy will have to even out fluctuations in output and 
employment. In other words, how slowly prices in the 
economy are adjusted is a key issue for a central bank.

Regardless of theoretical standpoint, it is interesting 
to learn about price-setting at firms because aggre-
gate inflation is a result of all price-setters’ decisions. 
Norges Bank has therefore conducted a survey of price-
setting among a sample of Norwegian firms. The survey 
focused on questions such as the frequency and scale of 
price changes, which factors cause prices to be raised or 
lowered, and why many prices are left unchanged over 
time. This article presents the results of the survey.

One advantage of surveys is that they can shed light on 
the motives and reasons behind observed price-setting 
and about factors that we cannot otherwise observe in 
other data sources. Wulfsberg (2008) looks at the actual 
individual prices that make up the Norwegian consumer 
price index. The results of surveys can complement the 
findings of such studies of actual prices.

The use of surveys to gain a better insight into firms’ 
price-setting behaviour was largely pioneered by the 
work of Blinder (1991) and Blinder et al. (1998) in the 
US. This led to similar surveys in the UK (Hall et al., 
1997), Sweden (Apel et al., 2005) and the euro area 
(Fabiani et al., 2006).2

1 Many thanks to all the firms that took part in the survey. We are also particularly grateful to Trond Halvorsen, Thomas Lystad and Agnes Marie Simensen for 
their valuable help with collecting and processing the data, and would like to thank other staff at Norges Bank for their useful comments. Any remaining errors 
are the responsibility of the authors
2 In recent years, there have also been a large number of studies of actual individual prices, based both on data included in the calculation of statistics offices’ 
price indices and on scanner data from various stores (Altissimo et al., 2006; Bils and Klenow, 2004; Nakamura and Steinsson, 2008a).
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3 Before the questionnaire was sent out, we conducted a pilot survey of a selection of firms from Norges Bank’s Regional Network to test some of the questions. 
We also tested the complete questionnaire on a few selected firms. The questions were then adjusted to avoid ambiguities.
4 In an analysis of the data included in the Norwegian consumer price index from 1975 to 2004, Wulfsberg (2008) found that price increases are more frequent 
during periods of high inflation.

Interpreting the results of a survey can be problematic. 
Critics point out that the respondents have no incentive 
to answer truthfully, and that the answers will be col-
oured by the formulation of the questions. We have tried 
to take account of this by learning from experience from 
similar surveys in other countries. Furthermore, choos-
ing a price is an important decision for most firms, so 
the subject matter should be familiar to the participants 
in the survey. We also tested the questions on a group 
of firms before conducting the actual survey.3 Another 
issue is that this was a one-off survey carried out in 
2007 when the Norwegian economy had been enjoying 
several years of strong economic growth and low infla-
tion. It is difficult to ascertain the extent to which the 
results have been influenced by the economic climate at 
the time the survey was conducted, and how much will 
apply generally over time.4

This article is structured as follows: section 2 presents 
brief details of the survey; section 3 looks more closely 
at the questions on how prices are set and whether firms 
attach importance to historical information or are forward-
looking when setting prices; section 4 examines how often 
prices are changed and the reasons for these changes; sec-
tion 5 looks in greater depth at various theories of price 
rigidity; and, finally, section 6 sums up briefly.

2 Details of the survey

The survey was conducted in the first half of 2007 
and covered a sample of around 3,000 firms. How 
these firms were selected and the survey carried out is 
described in more detail in the appendix to this article. 
We received a response from 725 firms – around a 
quarter of the firms in the sample. The response rate 
was somewhat lower than for similar surveys in other 
countries. In surveys in the euro area, the response rate 
has varied between 30 and 70 per cent. Part of the reason 
why we received fewer responses than in other surveys 
may be that we selected a broader range of firms. For 
example, we included firms of all sizes – from those 
with no employees to those with several thousands. The 
response rate was considerably lower among firms with 
few employees (see Chart 1). As it has been argued that 
small firms may have less flexible prices than large firms 
(Hoeberichts and Stokman, 2006), we nevertheless thought 
it interesting to include the smallest firms in the survey. We 
also included more sectors than many of the European stud-
ies, including the wholesale and retail trade. Fewer than one 

in five firms in the wholesale and retail trade responded to 
the survey, whereas we received a response from two out 
of five manufacturing firms (see Chart 2).

Despite the low response rate, we received answers 
from more than 700 firms with more than 50,000 
employees between them. We have weighted the results 
by each sector’s share of total turnover and employment 
(see appendix for details). We believe that this provides 
a representative basis for investigating price-setting 
behaviour of Norwegian firms.

In the first part of the survey, we asked a number of 
questions about the firm’s customer base, competitive 
situation and cost structure. This information is useful 
when it comes to analysing firms’ price-setting. We will 
mention only a few key statistics here. The median firm 
in the survey generates annual turnover of just over 
NOK 30 million and has just over 20 employees.Wage  
costs account for 30–40 per cent of its total costs, and 
imported inputs for 10–20 per cent.

Almost half of the firms stated that their most impor-

Chart 1 Who responded? Response rate by number of
employees

Source: Norges Bank
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tant market is the local one (municipality, town or vil-
lage), while just over a quarter consider the whole coun-
try to be their main market (see Chart 3). Only 6 per cent 
of firms cited the export market as their main market.

Two out of five firms have other firms as their largest 
customer group, and roughly the same number said that 
consumers make up their largest customer group. This 

indicates that their answers will cover both producer 
prices and consumer prices. In this respect, our survey 
differs from those in other countries, where firms’ cus-
tomer group consisted primarily of other firms.

No fewer than three-quarters of the firms indicated 
that they have long-term relationships with the major-
ity of their customers, but this proportion is somewhat 
lower among firms stating that consumers are their most 
important customers. Only one in five firms said that 
they have mostly occasional customers. Loyalty to cus-
tomers is considered important for firms’ competitive-
ness. The quality and price of products are also deemed 
to be important competitive factors, along with delivery 
times (see Chart 4). The firms in the survey indicate that 
they have a relatively large number of competitors. More 
than 60 per cent stated that they have more than seven 
competitors in the Norwegian market (see Chart 5).

3 Price-setting strategies

In recent macroeconomic theory, it is common to assume 
that the individual firm has some market power, and that 
prices are set as a mark-up over costs. If costs rise, the 
firm can reduce this mark-up and continue to make a 
profit even if prices are unchanged. We therefore asked 
firms to indicate to what extent prices are set as a mark-
up over costs on a scale from 1 (“very limited extent”) to 
4 (“very great extent”). We also asked them to indicate 
the extent to which their price depends on competitors’ 
prices.

The responses to the survey confirm that most 
Norwegian firms set the price as a mark-up over costs. 
Around two-thirds of the firms indicated that they use 
this pricing method to a “fairly great extent” or a “very 
great extent” (see Chart 6). There are only minor dif-
ferences between firms in different sectors. Mark-up 
 

Chart 3 Where is the most important market for the firm’s 
main product? Breakdown of responses. Per cent
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Chart 4 How important are the following factors for the firm’s 
competitiveness? Average score for each factor on a scale 
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Chart 5 How many competitors does the firm have in the 
Norwegian market? Breakdown of responses. Per cent
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pricing attracts the highest score in Hotels and restau-
rants and Manufacturing, and the lowest score in Mining 
and quarrying and Electricity, gas and water supply. 
Firms indicating that they have fixed and long-term rela-
tionships with their customers are more likely to set their 
price as a mark-up over costs than other firms. This may 
be because firms with long-term customer relationships 
have greater market power.

However, the prices charged by firms in the survey 
are determined to an even greater extent by the prices 
of their competitors. Almost four out of five firms indi-
cated that their price depends on competitors’ prices 
to a “fairly great extent” or a “very great extent” (see 
Chart 6). There are clear differences from sector to sec-
tor here. The sectors where competitors’ prices are most 
important are Financial intermediation and Electricity, 
gas and water supply (see Chart 7). Competitors’ prices 
are least important in Education and Health and social 
work. In terms of customer groups, competitors’ prices 
are more important for firms that supply the oil sector or 
other private firms than for firms that have consumers or 
the public sector as their main customers.

Questions about whether firms set prices as a mark-up 
over costs and whether prices depend on competitors’ 
prices have also been asked in many of the national sur-
veys in the euro area. Generally speaking, more firms 
there responded that prices are set as a mark-up over 
costs than that prices depend on competitors’ prices. 
Although prices can be set as a mark-up over costs 
and still depend on competitors’ prices, the differences 
between the results from Norway and the euro area may 
nevertheless be interpreted as an indication that there 
is generally stronger competition between firms in the 
Norwegian market.

Are firms forward-looking when making decisions?

Another key assumption in theoretical macro models 
is that firms base their decisions on expectations of the 
future. Because we have no simple measure of firms’ 
expectations, it is difficult to test this assumption using 
macro data. One alternative is to ask the firms what they 
actually do. In this survey, we asked firms to what extent 
they take account of different types of information when 
setting prices. We gave them three options and, as in the 
previous question, asked them to assign a score to each 
of these options. The three options were:

• Information about present and past developments in 
relevant factors (inflation, demand, costs, competi-
tors’ prices, etc.)

• Information about future developments/forecasts in 
these factors

• The firm uses a rule-of-thumb (such as indexation 
based on the consumer price index/wage growth)

Present and past developments were considered the 
most important source of information by the largest 
number of firms (see Chart 8). All in all, more than 70 
per cent answered that they take account of present and 
past developments to a “fairly great extent” or a “very 
great extent” when setting prices. This source of infor-
mation received the highest score in all sectors. The fact 
that present and past developments are considered the 
most important does not necessarily mean that compa-
nies are not forward-looking: recent developments can 
often be the best indicator of future developments.

Information about future developments and forecasts 
are nevertheless also considered important. Around half 
of the firms stated that they take account of this informa-
tion to a “fairly great extent” or a “very great extent”. 

Chart 7 To what extent is the price dependent on
competitors’ prices? Average score for each sector on a 
scale from 1 ("very limited extent") to 4 ("very great extent")
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5 See Sheshinski and Weiss (1993) and Rotemberg (1982).

We believe this to confirm that economic models should 
assume that participants are forward-looking when set-
ting prices.

Firms in Financial intermediation and Mining and 
quarrying attach the greatest importance to information 
about future developments; while those in Education 
and Real estate, renting and business activities attach 
the least importance to this information (see Chart 9). It 
appears that the higher the proportion of total costs for 
which imported inputs account, the more forward-look-
ing firms are. This may be because costs for imported 
inputs are more variable, partly because they are also 
affected by movements in exchange rates. It is then more 
important to take account of future developments in rel-
evant factors when setting the price.

The use of rules of thumb for price-setting, such as 
indexation based on the consumer price index, does not 
seem to be particularly widespread among Norwegian 
firms. All in all, around 60 per cent of firms taking part 
in the survey responded that they use fixed rules to a 
“very limited extent” or “fairly limited extent”, and 
“very limited extent” alone accounted for more than a 
third of all answers (see Chart 8). The use of fixed rules 
does, however, vary somewhat from sector to sector. 
Of the three options, fixed rules scored lowest in every 
sector except for Education and Health and social work. 
These, together with Transport, storage and commu-
nication, are the sectors where simple rules are most 
widespread (see Chart 10). Fixed rules are also most 
common among firms operating in the local market and 
those with the public sector or other companies in the 
same group as their most important customers.

In the survey of the euro area (Fabiani et al., 2006), 
information about future developments scored highest. 

However, present developments were included in both 
the forward-looking and backward-looking options in 
that survey, whereas we included only future, and not 
present, developments in the forward-looking option. 
This may be part of the reason why current and past 
developments appear to be more important in Norway.

4 When and why are prices 
changed?

Another key question is in which situations prices are 
actually changed. In the literature, there are two compet-
ing approaches to this. The first is termed state-depend-
ent pricing. This means that prices are changed if there 
have been sufficient changes in the economic factors 
that determine the price (such as wage costs or demand). 
It is often assumed that there are costs associated with 
changing prices, and so the price will be changed only if 
the gain in profit exceeds the cost of adjustment.5 Thus 
the decision to change a price depends on economic 
considerations. If pricing is state-dependent, it will typi-
cally be the firms where there is the greatest discrepancy 
between actual price and the price the firm would have 
set in the absence of price rigidities that change their 
prices. It is therefore difficult for state-dependent pricing 
to explain small price adjustments.

The other main approach is termed time-dependent 
pricing. Here it is assumed that there is a certain interval 
between each time a firm can change its price. This will, 
for example, be the case if prices are laid down in contracts 
running for set periods. In these models, the time intervals 
may be fixed, as in the original model by Taylor (1980), 
or stochastic, as in Calvo (1983). Time-dependent pricing 
can explain why price adjustments are often small.

Chart 9 To what extent does the firm take account of 
information on future developments when setting the price? 
Average score for each sector on a scale from 1 ("very
limited extent") to 4 ("very great extent")
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Source: Norges Bank

Chart 10 To what extent does the firm use a rule-of-thumb 
(such as indexation based on the consumer price index) 
when setting the price? Average score for each sector on a 
scale from 1 ("very limited extent") to 4 ("very great extent")
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6 See Caplin and Spulber (1987) and Golosov and Lucas (2007).

If there are changes in the economic climate, it can be 
argued that prices will adapt more quickly under state-
dependent than time-dependent pricing. This is because 
it is the firms with the most to gain that change their 
price under state-dependent pricing, whereas it will be 
entirely arbitrary which firms are allowed to adjust their 
price in the approach taken by Calvo (1983), which is the 
most widely used modelling method for time-dependent 
pricing. This means that monetary policy may play a 
more important role in counteracting the effects of price 
rigidities in an economy with time-dependent pricing than 
in one with state-dependent pricing.6

In practice, it can be difficult to draw any clear dis-
tinction between the two approaches. Even if prices are 
contractually fixed for a set period, it will in principle 
be possible to renegotiate the contract. The most com-
mon response to the survey’s question concerning the 
situations in which firms change the price of their main 
product was a combination of the two approaches above. 
Prices are changed primarily at set intervals, but firms 
will also adjust the price outside these intervals where 
warranted by specific events, such as a marked change in 
competitive conditions. Close to half of the firms chose 
this alternative (see Chart 11). Just over a quarter indi-
cated that prices are changed only at set intervals, while 
around an eighth change their prices only in response 
to specific events. The remainder did not feel that the 
options we gave them were a good fit. Similar surveys 
in the euro area have found that a third of firms employ 
mainly time-dependent pricing, while the remainder 
include an element of state-dependent pricing (Fabiani 
et al., 2006).

Large but infrequent price changes

We asked firms how frequently the price of their main 
product is actually changed. The answers confirm the 
assumption that there is typically a certain interval 
between price changes. As mentioned above, it is this 
sluggishness in price-setting that, in theory, enables 
monetary policy to impact on the real interest rate and 
thereby economic activity in the short term.

One in ten firms in the survey stated that they change the 
price of their main product at least once a month. Almost 
half said that they change it only once a year (see Chart 
12). The frequency of price changes does, however, vary 
from sector to sector. Unsurprisingly, firms in Electricity, 
gas and water supply change their prices most often (see 
Chart 13). This is because the sector includes power 
companies that follow current market prices on the Nord 
Pool power exchange. The longest intervals between price 
changes are in service sectors such as Education and Real 
estate, renting and business activities.

Chart 12 How frequently is the price of the firm’s main 
product actually changed, and how frequently does the firm 
consider changing its price (without necessarily doing so)?
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Chart 11 When does the firm change the price of its main 
product? Breakdown of responses. Per cent

Source: Norges Bank
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7 We found no clear relationship between the size of a firm’s workforce and how often its price is adjusted. In other words, the results of this survey do not 
support the hypothesis that firms with few employees have stickier prices than those with a large workforce.

It also appears that the more competitors firms have 
in the Norwegian market, the more often they change 
their prices. This result is in line with both theoretical 
and empirical research, which has shown that firms in 
strongly competitive markets adjust their prices more 
frequently than other firms (see Álvarez and Hernando, 
2006). Furthermore, the higher the proportion of total 
costs for which wage costs account, the less often 
firms adjust their prices. This may be because wages in 
Norway are determined primarily through annual wage 
negotiations. Total costs at firms where wage costs are a 
major source of expenditure will therefore be relatively 
stable during the year, and there will be less reason for 
them to change their prices frequently.7

We find a clear seasonal pattern in price-setting by 
firms that change their price just once a year. More than 
half of these firms stated that their price is changed in 
January (see Chart 14). No other months were cited by 
more than 10 per cent of these firms. This is consist-

ent with a study Norges Bank made of the actual price 
data used in the calculation of the Norwegian consumer 
price index (Wulfsberg, 2008). Here too, it emerged that 
January was the month with the greatest number of price 
changes.

Firms consider changing the price more often than 
they actually do so. More than half of the firms indicated 
that they review their price at least every six months (see 
Chart 12). The fact that firms consider price changes 
more often than they actually make them can be inter-
preted as a sign that there are costs associated with price 
changes. It is asking a lot for the factors that play a role 
in pricing not to have changed since the last time the 
prices was adjusted. We return to the reasons why firms 
choose to leave the price unchanged over time in the 
following section.

Although there is typically a certain interval between 
each time firms change their prices, they compensate 
for this by making relatively large adjustments. Almost 
60 per cent of the firms responded that their most com-
mon price increase over the last couple of years had 
been between 3 and 10 per cent (see Chart 15). Studies 
of actual individual prices in both the euro area and 
Norway have found average price increases of more than 
10 per cent (Wulfsberg, 2008; Altissimo et al., 2006). 
The most common price decrease in our survey was 
slightly smaller. Of the firms stating that they had cut 
their prices in the last couple of years, more than half 
indicated that the most common price decrease was up 
to 3 per cent (see Chart 15).

Why are prices changed?

Four out of ten firms taking part in the survey reported 
that they had lowered the price in the last couple of 
years, while nine out of ten had increased the price. 
We asked only those firms that reported price changes 
to indicate how important various factors had been for 
their decisions to raise or lower the price. We asked 
these firms to rank these factors on a scale from 1 (“not 
important”) to 4 (“very important”).

As in the euro area, the responses show that the most 
important reasons for price increases differ from those 
for price decreases. An increase in costs (wage costs 
or suppliers’ prices) is considered the most important 
reason for price increases (see Chart 16). An increase 
in demand is not considered as important a reason. This 
may indicate that firms are worried about being seen as 
disloyal if the price is increased when demand rises. If, 
on the other hand, companies can refer to higher costs, 

Chart 14 In which month are prices changed? Response
from firms indicating that they normally change their price
only once a year. Breakdown of responses. Per cent
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it may be more acceptable for them to raise their price. 
When it comes to price decreases, firms cite market con-
ditions – and in particular increased competition – as the 
most important factors.

Not surprisingly, the importance of wage costs as a  
factor increases as their share of total costs rises. 
Increases in wage costs rank highest in typical service 
sectors such as Hotels and restaurants and Education 
(see Chart 17). On the other hand, wage costs are not 
seen as a particularly important reason for price increas-
es in the Wholesale and retail trade. All in all, three-
quarters of the firms indicate that increases in wage costs 
are “important” or “very important” (see Chart 18).

Increases in suppliers’ prices are the only factor con-
sidered more important for price increases than increases 
in wage costs. As many as half of the firms replied 
that increases in suppliers’ prices are “very important”. 
Increases in suppliers’ prices are most important in the 
Wholesale and retail trade (see Chart 19). Increases in 
suppliers’ prices become, however, less important for 

price increases when wage costs account for a high pro-
portion of total costs.

Behind increases in wage costs and suppliers’ prices, 
the most important reasons for firms’ price increases are 
inflation, increases in competitors’ prices, and increases 
in taxes and duties (see Chart 16). Firms with the public 
sector as their most important customer group are among 
those that attach the greatest importance to inflation. 
This may be because the budgets of some public bodies 
are linked to the consumer price index.

Energy prices have soared in recent years, and increas-
es in energy prices are often mentioned as a possible 
reason for increases in prices for other goods and serv-
ices. According to the firms in our survey, however, 
increases in energy prices have only to a limited extent 
been a reason for them to raise their own prices. Three 
out of five firms indicated that energy prices had been 
“not important” or “slightly important” for their price 
increases. There are, however, considerable variations 
from sector to sector. Unsurprisingly, energy prices are 

Chart 16 Which factors have been important for price
increases in the last couple of years? Average score for each
factor on a scale from 1 ("not important") to 4 ("very
important")
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Chart 18 Reasons for price increases in the last couple of
years. Increases in wage costs and suppliers’ prices. 
Breakdown of responses. Per cent
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Chart 17 How important have increases in wage costs been
for price increases in the last couple of years? Average score 
for each sector on a scale from 1 ("not important") to 4 ("very
important")
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Chart 19 How important have increases in suppliers’ prices
been for price increases in the last couple of years? Average
score for each sector on a scale from 1 ("not important") to 4 
("very important")
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very important for companies in Transport, storage and 
communication and Electricity, gas and water supply, 
which includes power companies, and least important in 
Financial intermediation (see Chart 20).

When it comes to reasons for lowering prices, decreases 
in competitors’ prices are considered the most import-
ant factor (see Chart 21). The next most important are 
decreases in suppliers’ prices, reduced bargaining power 
and lower demand. Firms in the Wholesale and retail 
trade in particular cited price reductions by suppliers as 
a reason for price decreases. The higher the proportion 
of total costs for which imported inputs account, the 
more important decreases in suppliers’ prices become. 
Movements in the exchange rate is not considered a 
particularly important explanation for price decreases in 
general, but the exchange rate is slightly more important 
in the Wholesale and retail trade than in other sectors (see 
Chart 22).

In the surveys in the euro area, changes in demand were 
considered more important for price decreases than for 
price increases. In our survey, changes in demand were 

considered of more or less equal importance for price 
increases and price decreases (see Chart 23). One rea-
son for this may be that most Norwegian firms enjoyed 
strong growth in demand in the years leading up to the 
survey, and few had encountered dwindling demand. 
However, the finding that increased costs are the main 
reason for price increases, while price decreases are due 
more to market conditions, was confirmed.

5 Why are prices sticky?

Our survey has confirmed a number of empirical studies 
that prices for most goods and services typically stay 
the same for long periods. However, these empirical 
studies can shed only limited light on why prices are 
left unchanged over time. A survey can therefore pro-
vide valuable insight when it comes to differentiating 
between different theories of price rigidity.

Chart 20 How important have increases in energy prices
been for price increases in the last couple of years? Average
score for each sector on a scale from 1 ("not important") to 4 
("very important")
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Chart 22 How important have changes in the NOK exchange
rate been for price reductions in the last couple of years? 
Average value for selected sectors on a scale from 1 ("not 
important") to 4 ("very important")
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Chart 21 Which factors have been important for price
decreases in the last couple of years? Average score for each
factor on a scale from 1 ("not important") to 4 ("very important")
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Chart 23 Differences between the factors considered important
for price increases and price decreases. Average score for 
increases on a scale from 1 ("not important") to 4 ("very import-
ant") less average score for price decreases on the same scale1)
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8 See, for example, Fabiani et al. (2006) and Apel et al. (2005). 

We therefore asked firms about the reasons why they 
leave the price unchanged. We attempted to formulate 
different price-setting theories in such a way that the 
participants in the survey would be able to grasp them 
(see copy of questionnaire in the appendix). As with the 
questions concerning reasons for price increases and 
price decreases, we asked firms to rank the importance 
of these different theories on a scale from 1 (“not import-
ant”) to 4 (“very important”).

Probably the best-known explanation for sticky prices 
is “menu costs”. The classic example of this theory is 
that it will cost a restaurant money to print new menus. 
Price changes will therefore pay off only if the gain from 
the change in price is greater than the cost of printing 
new menus. Similarly, printing new price lists, cata-
logues and so on may be an obstacle for price changes. 
However, the firms in our survey provide very little 
support for the menu costs theory interpreted directly 
as we have done here (see Chart 24). More than half of 
the firms indicated that the direct costs of price changes 
are “not important”, and only one in ten responded that 
the direct costs are “important” or “very important”. The 
menu costs theory scores poorly in all sectors.

It will not always be easy to know which price will be 
best for a firm. Obtaining and processing the informa-
tion needed to assess the market for the firm’s product 
can be a costly and time-consuming process, and this is 
another well-known explanation for why there can be a 
certain interval between price changes (see Mankiw and 
Reis, 2002). However, administrative costs – or “costly 
information” as the theory is often known – receive just 
as little support as menu costs in our survey. Around 
half of the firms indicated that administrative costs are 
“not important”, and fewer than one in ten stated that 
administrative costs are “important” or “very important” 
(see Chart 24). It is also a relatively common result in 
other countries for the menu costs and costly informa-
tion theories to find little support in surveys.8

A third well-known theory, denoted “attractive prices”, 
also finds limited support in our survey. Two-thirds of 
the firms indicated that this factor is “not important” or 
“slightly important” (see Chart 24). Examples of attrac-
tive prices are 299, 399, 499 and so on. If, for example, 
a firm’s purchase prices change, it may be that its own 
price will remain unchanged until the “optimum” price 
approaches the next “attractive” price threshold, moving 
from, say, 299 to 399. However, attractive prices are 
considered slightly more important in Education, the 
Wholesale and retail trade and Hotels and restaurants 
(see Chart 25).

Firms cited factors other than those mentioned above 
as the most important reasons why prices are left 
unchanged over time. The price being fixed by contracts 
receives the highest score (see Chart 26). Three-quarters 

Chart 24 Reasons for sticky prices. Administrative costs, 
menu costs and attractive prices. Breakdown of responses. 
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Chart 25 How important is wanting to stick to "attractive" prices
as a reason for prices being left unchanged over time? Average
score for each sector on a scale from 1 ("not important") to 4 
("very important")
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Chart 26 Different theories of sticky prices. Average score on
a scale from 1 ("not important") to 4 ("very important")
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of the firms indicated that this is an “important” or “very 
important” factor. There are, however, major variations 
from sector to sector. In Mining and quarrying, nine out 
of ten firms replied that contracts are a “very important” 
reason for unchanged prices. Contracts are consid-
ered less important in the Wholesale and retail trade, 
Electricity, gas and water supply, Financial interme-
diation and Hotels and restaurants (see Chart 27). Not 
surprisingly, contracts play a smaller role at firms with 
consumers as their customer group. Contracts are also 
more common among firms indicating that they have 
fixed and long-term relationships with their customers.

The risk of a firm’s price falling out of alignment with 
competitors’ prices is highlighted as another important 
factor. This can be viewed as uncertainty about how 
competitors will respond to a price change causing a 
firm not to make a change. Concern that price changes 
will damage customer relationships scores equally high 
(see Chart 26). One can imagine that the firm enters 
into an implicit contract with the customer to supply at 
a stable price, even if this is not laid down in a contract 
(see Okun, 1981). Frequent price changes can make it 
difficult for customers to plan, and keeping track of dif-
ferences between different suppliers’ prices will also be 
more labour-intensive. The potential for price changes 
to damage customer relationships is deemed relatively 
important in most sectors.

The reasons for price rigidities considered most im-
portant in our survey – explicit contracts, implicit con-
tracts and coordination failure – have also been ranked 
as the most important factors in similar studies in other 
countries. The fact that the different surveys have varied 

somewhat in formulation and structure but have still 
obtained more or less the same results would suggest 
that these results are relatively robust.

6 Summary

The results of the survey support some of the most 
important assumptions in recent macroeconomic theory. 
Firms set the price as a mark-up over costs, they are to 
some extent forward-looking when setting the price, and 
there is generally a certain interval between price chang-
es. For example, almost half of the firms in the survey 
stated that they change their price only once a year.

However, the results of this and similar surveys also 
present clear challenges for work on theoretical models. 
For example, many modern macro models assume that 
all agents are alike. This is, of course, a simplification 
made to make these models manageable. If a model is 
too large and complex, it loses much of its utility as 
an analytical tool. At the same time, it is important to 
analyse how the results will be affected if allowance is 
made for there being different types of participants in 
the economy. In response to many studies having shown 
that there are big differences in the frequency of price 
changes in different sectors, a body of literature looking 
at the consequences of this has emerged. One example is 
Nakamura and Steinsson (2008b), who show that mon-
etary policy has a much greater impact in an economy 
where the cost of changing prices varies between dif-
ferent types of firm than in an economy where all firms 
face the same cost.

Another challenge is to gain a better understanding 
of why prices are left unchanged over time. Like other 
similar surveys, our survey shows that those who actu-
ally set the prices in the economy do not really see 
themselves in any of the best-known theories to explain 
sticky prices, such as menu costs and administrative 
costs. Instead, the emphasis is on prices being fixed 
in contractual arrangements and the potential for price 
changes to harm customer relationships. All in all, the 
reasons why prices are sticky is a field in which we still 
have much to learn – particularly given how important 
this assumption is in the theoretical literature. It is to 
be hoped that this and other surveys can contribute to 
improvement in our understanding in this area. The 
survey will also make a useful contribution to modelling 
work at Norges Bank and to the further development of 
economic analysis work at the Bank in general. 

Chart 27 How important are contracts as a reason why prices
are left unchanged over time? Average score for each sector
on a scale from 1 ("not important") to 4 ("very important")
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Appendix
Further information about the survey

The survey was conducted among a sample of Norwegian 
firms in different sectors. Around 3000 firms were 
drawn at random from Statistics Norway’s Central 
Register of Establishments and Firms. Sectors that are 
either greatly affected by economic aid/subsidies or 
do not sell any product in a market were excluded. We 
excluded firms in the following sectors: Agriculture, 
hunting and forestry; Fishing; Public administration 
and defence;   Extra-territorial organisations and bod-
ies; and Domestic services.

Around 475000 firms were included in the register 
when the sample was drawn. Almost 400000 of these 
had no more than four employees. An entirely random 
sample from the entire register would therefore have 
contained a very high proportion of firms with no or 
very few employees. Price-setting by large firms will 
normally have a greater economic impact than price-
setting by smaller firms. As a result, for each firm 
with no employees that we selected, we also selected 
one firm with 1–4 employees, three firms with 5–9 
employees, five firms with 10–19 employees, ten firms 
with 20–49 employees, 30 firms with 50–99 employees 
and 50 with more than 100 employees. This meant that 
we selected 0.3 per cent of all registered firms with no 
employees but 14.8 per cent of all registered firms with 
100 or more employees (see Chart A1). We also decided 
to select more firms from sectors with high levels of 
turnover and/or employment. This meant that we had 
more firms from the Wholesale and retail trade and from 
Manufacturing in our sample than would otherwise have 
been the case.

In order to be able to analyse differences in price-
setting between different sectors, we also decided that 
there must be at least 88 firms from each sector in the 
sample. The sectors that were affected by this require-
ment were Mining and quarrying; Electricity, gas and 
water supply; Hotels and restaurants; Financial inter-
mediation; Education; and Other community, social 
and personal service activities. The other sectors were 
reduced proportionally. The percentage of the popula-
tion in each sector that was selected is shown in Table 
A1. All in all, we selected 0.8 per cent of the firms in 
the entire population. In the sectors affected by our 
requirement of at least 88 firms from each sector, the 
percentage is therefore higher than this. In Mining and 
quarrying, for example, we selected no less than 7.1 per 
cent of registered firms. The reason why we selected 1.5 
per cent of registered firms in the Wholesale and retail 

trade and Manufacturing is that these sectors account 
for higher levels of turnover and employment than the 
other sectors.

Once we had aggregated the responses from the firms 
in the different sectors, we first calculated the break-
down of responses and average values for each specific 
sector. At this level, all of the firms in each sector count 
equally. We then weighted the answers from the differ-
ent sectors on the basis of each sector’s share of total 
turnover and employment. The weights used are shown 

Chart A1 Percentage of population selected for the survey. 
Breakdown by number of employees
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Sector

Percentage 
of sector in 

sample  

Weight 
by turn-
over and 
employ-

ment (per 
cent)

C – Mining and quarrying 7.1 0.2

D – Manufacturing 1.5 8.4

E – Electricity, gas and water supply 4.9 0.1

F – Construction 0.3 7.1

G – Wholesale and retail trade, repair 
      of motor vehicles and personal 
      and household goods 

1.5 41.8

H – Hotels and restaurants 0.7 0.8

I –  Transport, storage and communi 
      cation 

0.6 6.2

J –  Financial intermediation 2.0 0.3

K –  Real estate, renting and business 
      activities 

0.4 29.5

M – Education 0.8 1.1

N – Health and social work 0.3 2.9

O – Other community, social and  
      personal service activities 

0.2 1.4

Total 0.8

Table A1. Percentage of the population in each sec-
tor in our sample, and each sector’s weight based 
on its share of total revenue and employment
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in the far right-hand column of Table A1. As can be seen, 
the Wholesale and retail trade, repair of motor vehicles 
and personal and household goods sector has by far the 
heaviest weight, followed by Real estate, renting and 
business activities. Weighted in this way, the aggregate 
results we present in the article should paint a repre-
sentative picture of price-setting by Norwegian firms 
as a whole, even though the response rate varied some-
what from sector to sector, and even though we made a 
number of adjustments to the sample to ensure adequate 
representation of all sectors.

The survey was conducted in the period February–
May 2007. The questionnaire was sent to all of the firms 
by post, and is reproduced at the end of this article. The 
questionnaire could be answered either by posting back 
the hard copy or electronically by logging into a dedi-
cated page on Norges Bank’s website. All companies 
that did not initially respond were given a reminder by 
e-mail, telephone or a second letter.

Most firms sell more than one type of product. In the 
guide to the questionnaire, we therefore asked respond-
ents to base their answers on the firm’s main product – 
in other words, the product that accounts for the largest 
proportion of the turnover or best represents the firm. 
When it came to the price concept that respondents were 
to use, we asked them to use actual selling price (includ-
ing value-added tax) in Norwegian kroner. If the firm 
had a set list price but normally applied a price other 
than the list price for some reason, we asked for the 
actual selling price to be used. If the firm charged differ-
ent prices to different customers, we asked for answers 
to be based on the price charged to the most common 
customer group (largest customer). If the firm sold prod-
ucts both in Norway and abroad, we asked for answers to 
be based on its main product sold in Norway.

Enclosed: Questionnaire
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PART I GENERAL INFORMATION 

Background information 
A.  What is the firm’s main product/product category? ....................................................................................... 
B.  Annual turnover: ............................................................................................................................................ 
C.  Percentage of turnover generated in Norway: ................................................................................................ 
D.  Questionnaire completed by: ......................................................................................................................... 

Question 1.  
Where is the most important market for the firm’s main product? Please choose one only. 

 Local (municipality, town, village etc.) 
 Regional (wider area) 
 National (whole country) 
 EEA 
        Other countries: .................................................................................................................................……… 

Question 2.  
What is the largest customer group for the firm’s main product? Please choose one only. 

 Consumers 
 Oil sector 
 Other companies in the same group 
 Other private firms/industry 
 Public sector 
      Other:................................................................................................................................................................ 

Question 3.  
What kind of relationship does the firm have with the majority of customers for its main product?  

    Fixed long-term relationship  
    Few regular customers, mostly occasional customers   
    Other: ................................................................................................................................................................. 

Question 4a.  
Is your main product imported?  

    Yes  go to question 4b 
    No  go to question 5 

Question 4b.  
In which currency does the firm pay for the product? 

 NOK  
 EUR  
 USD 
        Other. Please specify: ...................................................................................................................................  
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Question 5.  
How many competitors does the firm have in the Norwegian market? Please answer based on your main 
product. 

 We have no competitors 
 1-2 competitors 
 3-7 competitors 
 More than 7 competitors 

Question 6. 
A variety of factors can determine a firm’s competitiveness. How important are the following factors for your 
firm? Please answer based on your main product. 

 
Not 

important 
Slightly 

important Important 
Very 

important 
Not relevant/
Don’t know 

A. The price of our main product ............................      

B. The quality of our main product .........................      

C. The degree to which our main product stands 
out from competitors’ products ..........................      

D. Delivery times ....................................................      

E. Loyalty to customers ...........................................      

F. Service agreements (after the main product has 
been sold) ...........................................................      

G. Marketing ............................................................      

H. Other important or very important factors. Please specify: …………………………………………………… 

Question 7.  
For roughly what proportion of the firm’s total costs do wage costs account? Please indicate with a cross on 
the scale below. 
 

0
 10 20 30 40 50 60 70 80 90 100 
     per cent 

Question 8.  
For roughly what proportion of the firm’s total costs do costs for imported inputs (goods/services) account? 
Please indicate with a cross on the scale below. 
 

0
 10 20 30 40 50 60 70 80 90 100 
     per cent 
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PART II PRICE-SETTING 

Question 9. 
Which of the following alternative best describes who determines the price of your main product? 

 The firm is able to set the price itself, market conditions given 
 The price is determined through negotiations/contracts with the customer 
 The price is determined entirely by a Norwegian parent company/group, market conditions given 
 The price is determined entirely by a foreign parent company/group, market conditions given 
        The price is determined outside the firm in some other way (e.g. by the authorities or by customers). 

  Please specify: ............................................................................................................................................... 

Question 10.  
To what extent are the following pricing methods used in your firm when setting the price of its main 
product?  

 

Very 
limited 
extent 

Fairly 
limited 
extent 

Fairly 
great 
extent 

 Very 
great 
extent 

Not relevant/ 
Don’t know 

A. The price is set as a mark-up over costs.....................      

B. The price depends on our competitors’ price.............      

C. Other. Please specify: ................................................      

Question 11.  
To what extent are the following statements true for your firm? 

 

Very 
limited 
extent 

Fairly 
limited 
extent 

Fairly 
great 
extent 

 Very 
great 
extent 

Not relevant/ 
Don’t know 

A. The price of the firm’s main product is the same 
for all customers........................................................

     

B. The price of the firm’s main product depends on 
the quantity sold ........................................................

     

C. The price of the firm’s main product is decided 
from case to case .......................................................

     

D. Other. Please specify:................................................      
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Question 12.  
To what extent does the firm take account of the following information when setting the price of its main 
product?  

 

Very 
limited 
extent 

Fairly 
limited 
extent 

Fairly 
great 
extent 

Very 
great 
extent 

Not relevant/
Don’t know  

A. Information about present and past developments in 
relevant factors (inflation, demand, costs, 
competitors’ prices, etc.) .............................................

     

B. Information about future developments/forecasts in 
relevant factors (inflation, demand, costs, 
competitors’ prices, etc.) .............................................

     

C. We use a rule-of-thumb (such as indexation based 
on the consumer price index/wage growth) ................

     

D. Other. Please specify:...................................................      

 
 

PART III PRICE CHANGES 

Question 13a.  
When does the firm change the price of its main product? Choose the option that best describes your firm.  
In practice, we change the price of our main product… 

 ... at certain intervals  
 ... mainly at certain intervals, but also in response to specific events (e.g. as a result of marked changes in  

    input prices, competitive conditions, etc.)  
 ... only in response to special events  
 Other. Please specify: ……………………………………………………………………………………… 

Question 13b.  
How frequently is the price of the firm’s main product actually changed? 

 Several times daily 
 Daily  
 Weekly  
 Monthly  
 Quarterly  
 Biannually  
 Annually. If so, please specify in which month: .....................................................................................   
 Biennially. If so, please specify in which month:....................................................................................   
 Other. Please specify: .............................................................................................................................   
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Question 14a.  
To what extent does the firm consider changing the price of its main product (without necessarily doing so)? 
Choose the option that best describes your firm.  

We consider changing the price of our main product… 
 ... only at certain intervals (e.g. monthly, quarterly, annually) 
 ... mainly at certain intervals, but also in response to special events (e.g. as a result of marked changes in  

    input prices, competitive conditions, etc.)  
 ... only in response to special events  
 Other. Please specify: ..................................................................................................................................  

Question 14b.  
How frequently does the firm consider changing the price of its main product (without necessarily doing so)? 

 Several times daily 
 Daily  
 Weekly 
 Monthly  
 Quarterly  
        Biannually  
        Annually. If so, please specify in which month:...........................................................................................  
        Biennially. If so, please specify in which month: ........................................................................................  
        Other. Please specify: ...................................................................................................................................  

Question 15.  
Based on changes made to the price of your main product in the last couple of years, how big was the most 
common price change? 

 Not relevant – we have not made any price changes in the last couple of years 

 Up to 3% 3-10% 11-20% 21-50% Over 50% 

A. Most common price increase (choose 
one only)      

B. Most common price decrease (choose 
one only)      
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PART IV REASONS FOR CHANGING PRICES  

Question 16.  
Based on increases made in the price of your main product in the last couple of years, which typical factors 
have played an important role in these increases? Please indicate how important each factor has been for 
your firm.  

 Not relevant – we have not made any price increases in the last couple of years 

 
Not 

important 
Slightly 

important Important 
Very 

important 

Not 
relevant/ 

Don’t know
A. An increase in wage costs .......................................      
B. An increase in energy prices (electricity, oil, 

petrol etc.)  .........................................................      

C. An increase in capital costs (depreciation of 
machinery, equipment, rent, financial assets, etc.) 
................................................................................

     

D. An increase in prices for inputs other than those 
in A, B and C above................................................      

E. An increase in suppliers’ prices .............................      
F. An increase in taxes and duties ...............................      
G. A change in the NOK exchange rate.......................      
H. An increase in competitors’ prices..........................      
I. Decreased competition............................................      
J. Improved product quality .......................................      
K. Increased demand for the product...........................      
L. Inflation (increase in the consumer price index) ....      
M. An expectation of future cost increases .................      
N. An expectation of future growth in demand............      
O. Price increases were made when entering into 

contracts with new customers .................................      

P. Other important or very important factors. Please 
specify: ...................................................................      

Question 17.  
Imagine the following situation. You are to set a new price for your main product and pick up signals that 
wage costs (or costs for another important input) will rise in the next year. What do you do? Please choose the 
option that best describes your firm. 

 We increase the price even if these costs will not be going up for a while 
 We leave the price unchanged until these costs actually go up 
 We leave the price unchanged and see what our competitors do 
 We leave the price unchanged for other reasons. Please specify: ………………………………………… 
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Question 18.  
Imagine the following situation. You are to set a new price for your product and pick up signals that inflation 
in the next year will be higher than previously expected. What do you do? Please choose the option that best 
describes your firm. 

 We increase the price 
 We leave the price unchanged until this inflation actually materialises 
 We leave the price unchanged and see what our competitors do 
 We leave the price unchanged for other reasons. Please specify: ………………………………………… 

Question 19.  
Based on decreases made in the price of your main product in the last couple of years, which typical factors 
have played an important role in these decreases? Please indicate how important each factor has been for 
your firm.  

 Not relevant – we have not made any price decreases in the last couple of years 

 
Not 

important 
Slightly 

important Important 
Very 

important

Not 
relevant/ 

Don’t know
A. A decrease in wage costs .............................................      

B. A decrease in capital costs (depreciation of 
machinery, equipment, rent, financial assets, etc.) ......      

C. A decrease in prices for imported inputs......................      

D. A decrease in suppliers’ prices.....................................      

E. A decrease in taxes and duties .....................................      

F. A change in the NOK exchange rate............................      

G. A decrease in competitors’ prices ................................      

H. Increased competition ..................................................      

I. Decreased bargaining power........................................      

J. Decreased demand for the product...............................      

K. Low inflation (increase in the consumer price index) .      

L. Improved technology ...................................................      

M. An expectation of future cost decreases ......................      

N. An expectation of a future decrease in demand ...........      

O. Customer wished to renegotiate contract .....................      

P. Other important or very important factors. Please 
specify: ........................................................................      

Question 20.  
Imagine the following situation. Demand for the firm’s main product falls permanently by 10 per cent. What 
do you do? Please choose the option that best describes your firm. 

 We lower the price 
 We leave the price unchanged and cut back production 
 We lower the price and cut back production 
 We cut employees’ wages 
 We leave the price unchanged for other reasons. Please specify: ………………………………………… 
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PART V REASONS FOR LEAVING PRICES UNCHANGED 

Question 21.  
Some firms change their prices frequently, while others leave them unchanged for several months. A number 
of possible reasons why firms leave their prices unchanged are given below. Please indicate how important 
each reason is for your firm, based on what your firm has actually done in the last couple of years.  

 
Not 

important
Slightly 

important Important 
Very 

important 
Not relevant/
Don’t know

A. Risk of price falling out of alignment with 
competitors’ prices...................................................

     

B. Risk of subsequently having to change price back 
the other way ...........................................................

     

C. Price has been fixed through negotiation with 
customers ................................................................

     

D. Price has been fixed in contracts..............................      

E. We like to keep an “attractive” or “psychological” 
price (e.g. NOK 999) ..............................................

     

F. The cost of price changes (advertising, printing 
price lists, etc.) ........................................................

     

G. Price changes can damage customer relationships...      

H. The cost of obtaining the information on which to 
base such a decision................................................

     

I. An important part of our costs are fixed and 
prevent us from lowering our prices in response to 
market conditions ....................................................

     

J. There is a danger of our customers taking a 
reduction in price as a reduction in quality .............

     

K. Our variable costs do not fluctuate much with 
market conditions, so our price is fairly stable.........

     

L. In a downturn, we only retain our most loyal 
customers anyway, so we can leave our price 
unchanged ................................................................

     

M. Other important or very important factors. Please 
specify: ....................................................................      

 
 

Thank you very much for completing this survey. 
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Rising food prices – a driving force behind 
inflation?
Tove Katrine Sand, senior economist, Economics Department, and Bente Støholen, economist, International 
Department, Norges Bank*

Global food prices have risen sharply since the beginning of 2007. In this article, we look at the forc-
es that may explain the rise in food prices both in Norway and abroad. The increase in food prices 
in Norway, as measured in the consumer price index, can be explained primarily by higher prices 
for domestically produced food, which are largely covered by the annual Agricultural Agreement. 
Food price inflation in Norway has been less pronounced than in other European countries due to 
our agricultural policy. Although price increases in Norway have been lower than in other coun-
tries, prices in Norway were higher at the outset. Looking ahead, there is reason to believe that the 
Agricultural Agreement, import restrictions, domestic cost inflation and competitive conditions will 
have a greater impact on food prices in Norway than global conditions, although developments 
abroad will have some influence.

1 Introduction

The sharp rise in food prices has been a prominent feature 
of the global economy over the past two years. Increased 
biofuel production, higher demand from emerging econ-
omies, adverse weather conditions, rising energy prices 
and increased protectionism have pushed up prices for 
grain products and vegetable oils among others. Rising 
commodity prices affect prices for processed food, 
which has led to higher consumer price inflation.

In Norway, food accounts for around 10 per cent 
of the consumer price index. Higher food prices1 will 
therefore be reflected in this measure of inflation. Food 
prices in Norway are primarily influenced by domestic 
factors, such as the annual Agricultural Agreement, the 
Norwegian import regime, and negotiations between 
grocery chains and food producers. However, global 
conditions will have some influence.

In this article, we look at the forces that may explain 
the rise in food prices both in Norway and abroad. We 
examine developments in global food prices and future 
expected price movements. We also look at how the 
Agricultural Agreement and the Norwegian import 
regime protect Norwegian food prices from global 
impulses. Finally, we look at how higher global food 
prices affect the inflation rate.

2 High global food prices

Global food prices have soared in recent years. From 
January 2007 to July 2008, The Economist’s food price 
index climbed more than 70 per cent, and the IMF’s 
food price index more than 50 per cent (see Chart 1).2 
Especially prices for wheat, corn, rice, soybeans and 

* We thank our colleagues in Norges Bank Monetary Policy for useful comments and input, and particularly Agnes Marie Simensen for her assistance with 
data and charts.
1 By food price inflation in Norway, we mean the increase in food prices as measured in the consumer price index.
2 Global food prices are measured in USD in this article. Prices have increased less in EUR and NOK: the increase in The Economist’s food price index from 
January 2007 to July 2008 was 42 per cent measured in EUR and 38 per cent in NOK

Chart 1 Global food price indices. In USD. 
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3 In this article, global food prices refer to prices for food traded on the world market. Corn, wheat, soybean and soybean oil prices are those quoted on the 
Chicago Board of Trade (CBOT). Coffee and sugar prices are those quoted for Arabica and Sugar No. 11 on the IntercontinentalExchange (ICE). Rice prices 
are those for 100% Grade A White FOB Bangkok.

vegetable oils have risen sharply (see Charts 2a and 
2b).3 However, food prices have fallen back somewhat 
in recent months.

Food prices have also risen in real terms in recent 
years. Chart 3 shows movements in nominal and real 
prices since 1970. The increase in real prices came after 
a long period of falling prices. The decrease in real food 
prices in the 1980s and 1990s was partly due to produc-
tivity gains in the agricultural sector.

Three factors distinguish the current period of rising 
food prices from previous periods. First, prices have 
now increased for a wider range of food products. Grain, 
soybean and vegetable oil prices have all increased 
markedly. Second, prices have increased more than in 
previous periods of price upswings since the end of the 

1970s (see Chart 4). Only the surge in the early 1970s 
was stronger than that in recent years. Third, this period 
of price increase has lasted longer than previous periods. 
Since 2001, food prices have been climbing almost con-
tinuously. Normally, food prices tend to fall back after a 
period of rising prices over two to three years.

The rise in food prices in recent years can be attrib-
uted to several factors: increased production of biofuels, 
higher demand from emerging economies, weather 
conditions, rising energy prices, and protectionist trade 
policy.

Chart 2a Global food prices in USD. Index.
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Chart 3 IMF food price index in nominal and real terms. 
In USD. Real prices deflated by the US CPI. 
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Chart 2b Global food prices in USD. Index.
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Chart 4 Food price cycles. Based on the IMF food price
index, converted into real values1). Index at trough (t) = 100. 
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4 Biodiesel is based on renewable raw materials and can be made from natural oils such as rapeseed, soybean and palm oil. Biodiesel has virtually the same 
properties as fossil diesel and can be used in diesel vehicles either on its own or mixed with ordinary diesel.
5 Rapeseed is a cultivated plant with yellow blooms in the cabbage family. The oil pressed from its small black seeds is known as rapeseed oil and can be used 
as culinary oil. The meal left over is used in animal feed.
6 See, for example, Doornbosh and Steenblik (2007) and IMF (2007).
7 Food consumption measured as calories per capita per day.

2.1 Increased production of biofuels

Global biofuel production has more than tripled since 
2000 (see Chart 5). The main reasons for this sharp 
increase are higher oil prices and greater uncertainty 
about future oil supply, together with a more focus on 
carbon emissions, global warming and renewable ener-
gy. Biofuels can be divided into two main types: ethanol 
and biodiesel4. The US is the world’s largest ethanol 
producer, followed by Brazil (see Chart 6). The EU is 
the largest producer of biodiesel.

A variety of food crops are used to produce biofuels. 
Sugar, corn and various other grain products are used in 
the production of ethanol, while biodiesel is produced 
mainly from vegetable oils. In 2007, 18 per cent of the 
US corn crop was utilised in domestic ethanol production. 
The amount of corn used to produce ethanol in the US has 
more than tripled since 2000. In 2006, roughly half of the 
sugar crop in Brazil went into the production of ethanol, 
while 40 per cent of the EU’s rapeseed5 crop went into the 
production of biodiesel. Increased demand for biofuels 
has led to higher prices for these agricultural products.

Rising prices for food that can be used to produce 
bioenergy have led to the cultivation of other agricul-
tural products being displaced. The introduction of 
subsidies has additionally given farmers an incentive to 
adjust production in favour of food used in the produc-
tion of biofuels.

The effect of replacing conventional fuels with biofu-
els has been discussed in recent years. Many point out 
that, with current technology, biofuels will not reduce 
emissions of greenhouse gases relative to fossil fuels to a 
large extent.6 Questions have also been raised as to cost-
effectiveness of biofuels, especially given the subsidies 
introduced in the US and the EU.

2.2 Increased demand from emerging economies

Food consumption is rising in emerging economies, and 
growth in food consumption was particularly high in the 
mid-1990s. Food consumption per capita7 in emerging 
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8 This pattern follows Engel’s law (Ernst Engel (1821–1896), German statistician), according to which, families will spend a smaller proportion of their income 
on food as their income/consumption increases.
9 The BRIC countries are the four largest emerging economies: Brazil, Russia, India and China.
10 As the consumption of meat rises, demand for grain and other animal feed used to produce meat grows more quickly as several kilos of animal feed are 
needed to produce one kilo of meat. Feed-to-meat conversion rates vary widely and depend on the type of meat production and the production method. The 
USDA (Trostle, 2008) estimates that the upper bounds for these conversion rates are as follows: 7 kilos of grain to produce a kilo of beef, 6.5 kilos for a kilo 
of pork, and 2.6 kilos for a kilo of chicken.

economies and developing countries grew by 6 per cent 
from 1990 to 2003 (see Chart 7), with a particularly 
sharp increase in China. In industrial countries, food 
consumption per capita remained unchanged during the 
same period.

The strong growth in food consumption in emerg-
ing economies primarily reflects higher income. There 
is a positive relationship between GDP per capita and 
household food consumption (see Chart 8).8 The number 
of calories consumed increases rapidly with income in 
emerging economies, before gradually levelling out as 
income reaches a certain level.

Rising income and higher standards of living in emerging 
economies have led to a more varied diet and a shift towards 
more protein-rich food. While most of their diet consisted 
of cereals in the 1990s, people in emerging economies are 
now consuming more meat, fish, eggs, dairy products, fruit, 
vegetables and vegetable oils (see Chart 9).

Meat consumption, especially in China and Brazil, has 
increased sharply (see Chart 10). The BRIC countries9 
accounted for 40 per cent of global meat consumption in 
2003, up from 33 per cent in 1993. The BRIC countries 
accounted for more than 60 per cent of the increase in 
global meat consumption from 1993 to 2003, with China 
making the single largest contribution.

Higher meat consumption leads to higher consumption 
of animal feed.10 Global trade in soybeans, which can be 
used as animal feed, has grown substantially since the 
early 1990s. China is now the world’s largest importer 

Chart 8 GDP and food consumption per capita. 1980 - 2003
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Chart 10 Meat consumption. Kilos per capita per year
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Chart 9 Food consumption in the BRIC countries broken 
down by food group. Per cent of total food consumption. 
Based on calories consumed per capita per day.
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11 The world’s five largest exporters of wheat in the 2006/07 marketing year were the US, Canada, the EU, Australia and Argentina.
12 Climate change and global warming may have significant effects on future agricultural output. The UN Intergovernmental Panel on Climate Change (IPCC) 
estimates that potential food production in northern and southern latitudes could increase slightly with a rise in average temperature of 1–3°C, whereas a rise 
in average temperature of more than 3°C would lead to a decrease in food production in these regions. Closer to the equator, even a moderate increase in 
temperature would result in a decrease in agricultural output. Overall, an increase of 3°C or more could lead to a drop in global food production (Easterling et 
al., 2007).
13 Second-generation biofuels will be produced mainly from plant matter, wood and related waste products. The raw materials for this type of biofuel will not 
compete to the same extent with food production.

of soybeans and has accounted for most of the increase 
in global imports of soybeans (see Chart 11). Soybean 
prices more than doubled from January 2007 to July 
2008. China’s membership of the WTO in December 
2001 enabled this rise in imports.

The populations in emerging economies are also 
growing. With more mouths to feed, demand for food 
continues to grow.

2.3 Supply-side factors

While food demand has increased considerably in recent 
years, the supply of food has not increased to the same 
extent. This is due partly to failed harvests. Australia has 
experienced severe droughts for several years in a row, 
and bad weather also damaged the wheat crops in the 
US and Europe in 2007. Among the world’s five largest 
wheat exporters, production fell by altogether 12 per 
cent from the 2005/06 marketing year to the 2006/07 
marketing year.11 Wheat inventories have fallen sharply 
(see Chart 12). Wheat prices climbed more than 70 per 
cent from January 2007 to July 2008, despite a steep 
drop in prices since March this year.

Rising energy prices have led to higher production 
costs in the agricultural sector. Oil prices climbed from 
less than USD 60/barrel at the beginning of 2007 to 
more than USD 130/barrel in July 2008, but have fallen 
back somewhat in recent months. Higher oil prices have 
led most notably to higher fertiliser prices. The cost 

of storing, transporting and distributing food has risen 
sharply as well.

The introduction of trade restrictions has also contrib-
uted to higher food prices. In the first half of 2008, several 
countries introduced export restrictions to protect domes-
tic markets from high global food prices. India, China, 
Vietnam, Cambodia and Egypt, which all introduced 
restrictions on exports of rice in spring 2008, accounted 
altogether for more than 40 per cent of global rice exports 
in the 2006/07 marketing year. Rice prices on the world 
market more than doubled in the first half of 2008.

2.4 Outlook for global food prices

Global growth in food demand will probably remain 
high for several years to come. Higher income in emerg-
ing economies will probably result in continued strong 
demand growth for food in these countries. The effects 
on future food prices will be particularly pronounced if 
strong demand for food is combined with limited spare 
production capacity, pressure on the available land, glo-
bal warming12 and increased biofuel production. In addi-
tion, more protectionist agricultural and trade policies 
may lead to a further tightening of global food markets.

On the other hand, a change in biofuel policy or the 
development of competitive second-generation bio-
fuels13 could ease the pressure on food prices. Higher 
agricultural output as a result of increased productivity 
or the cultivation of new areas of land could also result 

Chart 12 Global wheat stocks and prices. 1960 - 2007
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in lower prices. The OECD and the UN’s Food and 
Agriculture Organisation present in their annual report 
the outlook for agricultural markets over the next decade 
(OECD–FAO, 2008). They predict that food prices will 
fall somewhat in the near term as more normal weather 
conditions, increased productivity in the agricultural sec-
tor and more efficient land use will to some extent offset 
higher demand growth (see Chart 13). However, OECD–
FAO predicts that food prices will not return to the levels 
of the late 1990s, but remain high through to 2017.

Global food prices have fallen somewhat in recent 
months due to a more favourable outlook for this year’s 
harvests. Forward prices suggest that market participants 
anticipate a small increase in global food prices in the 
years to come (see Chart 14).

Although global food inflation is expected to ease in the 
coming years and perhaps turn negative, the feed-through 
to more processed food will persist for some time.

3 Factors behind food price move-
ments in Norway

The rise in food prices in Norway has been considerably 
less pronounced than on the world market. Chart 15 com-
pares food price inflation in Norway with developments 
in Denmark, Sweden, the UK, the US and Switzerland. 
Food prices have increased considerably less in Norway 
and Switzerland than in the other countries. This is 
most likely because agricultural policy in Norway and 
Switzerland to a greater extent shields domestic food 
prices from fluctuations in external prices.

Although the rise in food prices has been less pro-
nounced in Norway than in other countries, they have 
still increased fairly sharply over the past year. Food 
prices were around 5 per cent higher in July 2008 than 

in July 2007, and food prices have increased more than 
prices for other goods (see Chart 16).

Of the food included in the consumer price index, oils 

Chart 14 Food prices in USD. Index, 4 January 2000 = 100.  
4 January 2000 to 15 August 2008. Forward prices from 15  
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Chart 16 Movements in the CPI-ATE1) and the food subgroup. 
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Chart 15 Movements in prices for food and non-alcoholic
beverages in the CPI in selected countries. Year-on-year
change. Per cent. January 2005 - July 2008
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and fats have increased most in price over the past year. 
Prices for milk, cheese and eggs and for bread and cere-
als have also risen (see Chart 17). However, prices in 
most of these food groups have increased to lesser extent 
in Norway than in many other countries (see Chart 18). 
Moreover, unlike in other countries, fruit and vegetable 
prices have decreased in Norway. This was probably due 
to competitive conditions – for example, several grocery 
chains ran cut-price fruit and vegetable campaigns dur-
ing the summer.

3.1 Impact of the agricultural settlement and 
the Norwegian import regime

Agricultural policy is the main reason why food prices 
have shown a less pronounced rise in Norway than in 
neighbouring countries and other European countries.14 

It is primarily food products produced in Norway 
using domestic inputs or using a mixture of domestic 
and imported inputs that have increased most in price. 
These are largely covered by the annual Agricultural 
Agreement and account for most of the food products in 
the consumer price index (see Chart 19).

Prices for food produced in Norway using domestic 
inputs were around 6 per cent higher in July this year 
than in July last year. Prices for food produced domesti-
cally using a mixture of domestic and imported inputs 
increased similarly, if not slightly more (see Chart 20). 
Prices for imported food, on the other hand, have been 
relatively stable. Imported food are more exposed to 
fluctuations in global prices, but account for a rela-
tively small proportion of the food in the consumer price 
index and so do not contribute notably to overall infla-
tion. Prices for imported food and other miscellaneous 

14 Although food price inflation in Norway has been lower than in other countries, price levels in Norway were higher at the outset. This is discussed further 
later in the article.

Chart 19 Food and non-alcoholic beverages in the CPI by 
origin1). Weighting in CPI food index

1) Fish products are not included.

Sources: Statistics Norway and Norwegian Agricultural
Economics Research Institute (NILF)
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15 The index for domestically produced agricultural products is based on NILF’s division of food products in the consumer price index by supplier sector.

products were 0.8 per cent higher in July 2008 than 
a year earlier. The increase in food prices in Norway 
can therefore be attributed mainly to higher prices for 
domestically produced food such as meat, milk, eggs, 
fruit, vegetables and cereals. Prices for these food prod-
ucts – or for most of the inputs used in their production 
– are set in the annual Agricultural Agreement through 
target prices.

According to the Norwegian Agricultural Authority 
(SLF), these target prices are intended to be the prices 
that farmers can obtain based on the import and regula-
tion system that we have in Norway. The target prices 
normally apply from 1 July in the year of the settlement 
until 30 June in the following year, and effectively put 
a ceiling on prices that farmers can obtain for their 
products. The SLF checks that prices for agricultural 
products do not exceed the target prices. If this occurs, 
the customs duties on imports of agricultural products 
are lowered so that prices for Norwegian products fall 
back.

The 2008 Agricultural Agreement granted farmers an 
increase in potential income of NOK 1.9 billion. This 
included an increase in target prices of NOK 1.5 billion. 
This means that the price ceiling has been raised, and 
farmers increase their prices by a total of up to NOK 1.5 
billion. This increase in target prices meant that agricul-
tural commodity prices increased by NOK 870 million 
on 1 July this year and will increase by a further NOK 
635 million from 1 January 2009. The increase in July 
this year contributed to a year-on-year increase in prices 
for food included in the consumer price index of as high 
as 4.8 per cent that month. That was the highest year-on-
year increase since February 1999, when prices jumped 
up 4.9 per cent. If we compare the increase in target 
prices in this year’s agricultural settlement with settle-
ments in previous years, we see that the 2008 settlement 
entailed a much larger increase in target prices (see Chart 

21). The Ministry of Agriculture and Food has estimated 
that the increase in agricultural commodity prices as a 
result of this year’s agreement will, in isolation, push 
up the consumer price index by a quarter of a percent-
age point on an annualised basis. The food component 
of the consumer price index is expected to increase by 
2¼ per cent on an annualised basis, while domestically 
produced agricultural products15 are expected to rise by 
3¼ per cent as a result of the settlement.

Norwegian agricultural commodities covered by the 
Agricultural Agreement are protected from international 
competition with the help of customs duties. Imports 
of these products into Norway are therefore limited. 
Imported products that compete with Norwegian prod-
ucts whose production makes use of imported inputs 
have lower customs duties. For some products that are 
not produced in Norway, there are low or zero customs 
duties. Prices for products with low or zero customs 
duties will fluctuate more with world market prices than 
prices for Norwegian agricultural products, but they do 
not influence inflation to the same degree as prices for 
Norwegian agricultural products because they have a 
small weighting in the consumer price index.

Although external prices for agricultural products have 
increased sharply in the past couple of years, Norwegian 
target prices are mostly still well above the world mar-
ket price. Chart 22 shows movements in milling wheat 
prices in the EU (measured by the German export price) 
and the target price for milling wheat in Norway since 
2004. During this period, the Norwegian target price has 
been substantially higher than external prices, except for 
a period in September 2007 and March 2008. Since then, 
world market prices have fallen back again to below the 
Norwegian target price.

Although food prices have increased less in Norway 
as in other countries, the price level in Norway is higher. 
Food prices in Norway are approximately 50 per cent 

Chart 21 Change in farmers’ income due to higher target 
prices in the annual agricultural settlement. Millions of NOK. 
Current prices. 2001 - 2008

0

500

1000

1500

2001 2002 2003 2004 2005 2006 2007 2008
0

500

1000

1500

Source: Norwegian Ministry of Agriculture and Food

Chart 22 Milling wheat prices. NOK per ton. 
Week 1 2004 - week 33 2008

0

500

1000

1500

2000

2500

2004 2005 2006 2007 2008
0

500

1000

1500

2000

2500

Norwegian target price

German export price (NOK/ton)

Sources: International Grains Council and Norwegian
Agricultural Authority (SLF)



43 NORGES BANK ECONOMIC BULLETIN 2/2008

higher than those in the EU, largely because of agricul-
tural policy. Norwegian prices for most food, with the 
exception of fish, are also substantially higher than those 
in Denmark, Sweden and the UK (see Chart 23).

A further rise in Norwegian food prices is expected 
ahead. Target prices will increase again from 1 January 
2009. After that, the outcome of next year’s agricul-
tural settlement remains to be seen. Other factors also 
affect food prices. Due to the focus on high food prices 
in Norway, it may have been easier for grocery chains 
to raise their retail prices further than the increase in 
agricultural commodity prices would justify. The chains 
may therefore have increased their margins. On the other 
hand, wage growth has been relatively high and energy 
prices have soared. This has probably led to higher costs 
for the grocery chains, which may, in turn, have fed 
through to food retail prices.

4 Effects of higher food prices on 
inflation at home and abroad

4.1 Direct effects

High global food prices have led to higher inflation in 
many countries. Food accounts for approximately 10–15 
per cent of the consumer price index in the countries 
with which Norway tends to be compared (see Table 1). 
Food prices’ contribution to consumer price inflation has 
increased significantly in the past year (see Chart 24). 
In the EU and the US, the contribution from food to the 
year-on-year rise in the consumer price index has been 
0.8–1.3 percentage points. The contribution from food in 
Norway and Switzerland has been lower.

In emerging economies and developing countries, food 
accounts for a larger share of household expenditure 
than in the OECD countries and therefore has a higher 

weighting in the consumer price index. Food consump-
tion in emerging economies also includes large propor-
tions of cereals and other agricultural commodities. As 
a result, an increase in prices for these commodities 

CPI
Year-on-year increase 

July 07 to July 08

Food in CPI
Year-on-year increase 

July 07 to July 08

Food’s share of CPI
Per cent

Food’s contribution to 
increase in CPI over the 

past 12 months

Norway 4.3 4.8 10.3 0.5

Sweden 4.4 8.4 11.8 1.0

Denmark 4.0 10.2 11.0 1.1

Switzerland* 3.1 3.7 11.1 0.4

UK 4.4 13.7 9.5 1.3

EU25 4.4 8.3 14.6 1.2

US 5.6 6.0 13.8 0.8

Table 1 Food prices’ contribution to increase in consumer price index

  * Includes beverages.
Sources: Thomson Reuters and Norges Bank.

Chart 24 Contribution to CPI inflation from food and non-
alcoholic beverages. Percentage points. 
January 2003 - July 2008

-0.5

0

0.5

1

1.5

2003 2004 2005 2006 2007 2008
-0.5

0

0.5

1

1.5
Sweden Switzerland Norway

Denmark UK US 1)

1) For the US, the food and beverages index has 
been used.

Sources: Thomson Reuters and Norges Bank

Chart 23 Comparable consumer prices for different foods. 
Price level in EU15 = 100. Price levels in other European
countries indexed accordingly. 2007

80

100

120

140

160

180

Food Bread &
cereals

Meat Fish Milk,
cheese,

eggs

Oils, fats Fruit,
vegetables
& potatoes

80

100

120

140

160

180
Norway Denmark Switzerland Sweden UK

Source: Eurostat 



44 NORGES BANK ECONOMIC BULLETIN 2/2008

16 Inflation expectations from TNS Gallup’s expectations survey. Economics experts and labour market organisations are asked the following question about 
expected future inflation: “What do you think the general rate of inflation in the prices of goods and services will be in two (five) years, as measured by year-
on-year growth in the CPI?” Business leaders are asked: “What do you think inflation will be in two years?” Households are asked: “What do you think the 
general rate of inflation will be in two to three years, in per cent?” For further information about the expectations survey, see www.tns-gallup.no.

will have a greater impact on food prices in develop-
ing countries than in the industrial countries. Consumer 
price inflation has therefore been higher in emerging 
economies and developing countries than in the OECD 
(see Chart 25).

4.2 Indirect effects

Owing to higher food prices, food products have become 
more expensive relative to other consumer goods.    
Milton Friedman (1975) argued that changes in the rela-
tive price of a good, such as food, will not necessarily 
lead to higher overall inflation. Increases in food prices 
will, in isolation, reduce households’ real income and, 
therefore, their demand for other goods and services. 
This suggests a lower rise in prices for other goods and 
services, so that the overall consumer price index will 
not necessarily rise to a considerable extent.

However, higher food prices may have a more indirect 
effect on inflation. Owing to rigidities in price forma-
tion, it can take time for the rise in prices for other 
goods and services to slow as Friedman predicts. The 
increase in the consumer price index may therefore be 
higher for a period than earlier. It is normal to assume 
that economic agents are forward-looking when making 
decisions. If wage-earners anticipate high inflation, they 
will demand higher wages than if they expect low infla-
tion. Likewise, enterprises will raise their prices further 
if they anticipate high inflation. Consumers’ inflation 
expectations can be affected by changes in the consumer 
price index today. Higher food prices can, therefore, put 
pressure on other prices and wages via higher inflation 
expectations.

In countries with an inflation target and monetary poli-
cy credibility, the inflation target is in itself an anchor for 
inflation expectations. If there is reason to believe that 
high food price inflation will persist, or that it will affect 
inflation expectations, it will be appropriate to tighten 
monetary policy. This may, for example, prevent second-
round effects in the form of higher wage demands and a 
rise in prices for other goods.

The actual inflation expectations that underlie the 
representative agent’s behaviour are not directly observ-
able. However, a number of indicators can provide infor-
mation about developments in expectations. Charts 26a 
and 26b show inflation expectations in Norway two and 
five years ahead based on surveys.16 Inflation expecta-

tions two years ahead have increased somewhat in recent 
quarters and are now above the 2.5 per cent inflation 
target. Business leaders’ inflation expectations are par-

Chart 26a Inflation expectations two years ahead in Norway. 
Per cent. Q1 2002 - Q3 2008
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Chart 26b Inflation expectations five years ahead in Norway. 
Per cent. Q1 2002 - Q3 2008

0

1

2

3

4

5

2002 2003 2004 2005 2006 2007 2008
0

1

2

3

4

5
Employee organisations

Employer organisations

Economics experts

Source: TNS Gallup

Chart 25 Year-on-year change in the CPI in the OECD and key
emerging economies. Per cent. January 2003 - June 2008
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17 The inflation expectations in Chart 27 are not directly comparable. The inflation expectations for Sweden are taken from TNS Prospera (reproduced by 
Thomson Reuters). The panel was asked about expected CPI inflation over the coming two/five years (average expected inflation over the period). The infla-
tion expectations for the US are taken from the Federal Reserve Bank of Philadelphia’s Survey of Professional Forecasters (reproduced by Thomson Reuters). 
The panel was asked about expected CPI inflation over the next ten years. The inflation expectations for the euro area are taken from the ECB’s Survey of 
Professional Forecasters (reproduced by Thomson Reuters). The panel was asked about point estimates for expected inflation five years ahead. Thus the indices 
for Sweden and the US also cover short-term inflation expectations and will therefore fluctuate more with current inflation.
18 Implied five-year inflation expectations five years ahead denote the expected average annual rate of inflation over the five-year period starting in five years’ 
time. These are calculated to filter out inflation expectations for the next five years. Inflation expectations for the next five years are an average for those years 
and will therefore be affected to a greater extent by current inflation levels than inflation expectations over the five-year period starting in five years’ time. 
Implied inflation will therefore give a more precise estimate of expectations further ahead.

ticularly high. Inflation expectations five years ahead, 
on the other hand, have been relatively stable around the 
2.5 per cent inflation target in recent quarters. However, 
the rise in inflation expectations is not due solely to 
the increase in food prices. Higher energy prices and 
increased wage pressures have also played a role.

In other countries, where food prices have increased 
considerably more than in Norway and have pushed 
inflation up to a greater degree, it would seem that infla-
tion expectations have risen somewhat in recent quar-
ters. Sweden in particular stands out on the high side, 
while inflation expectations have been relatively stable 
in the US and the euro area (see Chart 27).17

Inflation expectations can also be calculated using 
financial market variables. Chart 28 shows implied five-
year inflation expectations five years ahead in the UK, 
the euro area and the US based on inflation swaps.18 
Long-term implied inflation expectations have trended 
upwards in the UK and, to a lesser extent, the euro area 
in recent months, while expectations have been rela-
tively stable in the US. In the UK, food prices have by 
far made the largest contribution to year-on-year CPI 
inflation; the contribution in the US has been smaller 
(see Table 1 and Chart 24). One would therefore expect 
the high contribution from rising food prices to have 
pushed up inflation expectations in the UK. The Bank of 
England’s August 2008 Inflation Report notes that both 
one-year and longer-term inflation expectations have 
risen. This may be because prices for food and energy 
have risen markedly within a relatively short period, and 
these are products that households rely on and purchase 
often. This means that an increase in these prices will be 
very noticeable and easily affect household budgets.

5 Conclusion

Global food prices have risen sharply since the begin-
ning of 2007. High food prices reflect several condi-
tions. Increased biofuel production and higher food con-
sumption in emerging economies have boosted demand 
for food. Adverse weather conditions and higher energy 
prices have curbed growth in food production. Several 

countries have also introduced export restrictions to pro-
tect domestic markets from high food prices.

The outlook for global food prices is highly uncertain. 
More normal weather conditions, increased productivity 
in the agricultural sector and more efficient use of crops 
may compensate for continued strong demand growth 
and lead to reduced prices. However, food prices will 
probably remain high in the years to come due to con-

Chart 27 Inflation expectations abroad. Per cent. 
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tinued strong growth in demand for food in emerging 
economies and competition from biofuels.

Food price inflation in Norway, as measured in the 
consumer price index, can be explained primarily by 
higher prices for domestically produced food. Prices 
for these food products – or the commodities used in 
their production – are largely covered by the annual 
Agricultural Agreement. These products are therefore 
to some extent shielded from global price fluctuations 
through customs barriers. Food price inflation has there-
fore been far less pronounced in Norway than in other 
countries, although price levels were higher in Norway 
at the outset. Looking ahead, there is reason to believe 
that the Agricultural Agreement, domestic cost increases 
and competitive conditions will have a greater impact on 
movements in food prices in Norway than global condi-
tions, although developments abroad will have some 
influence.

High global food prices have led to increased consum-
er price inflation in many countries. Food prices’ contri-
bution to consumer price inflation has increased substan-
tially in the past year. In Norway and Switzerland, food 
prices have to a lesser extent pushed up inflation than 
in other European countries in the past year. In emerg-
ing economies and developing countries, consumer 
price inflation has been higher than in the OECD. Food 
accounts for a larger proportion of household expendi-
ture in those countries. Inflation expectations seem to 
have picked up in recent months, both in Norway and in 
other countries.
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Stress testing of banks’ profit and capital 
adequacy
Henrik Andersen, senior economist and Tor Oddvar Berge, adviser, both in the Financial Markets 
Department of Norges Bank1

A model system for stress testing financial stability is being developed at Norges Bank. In this 
article, we present two of the models in this system: a macroeconomic model and a bank model 
to analyse developments in banks’ profit and capital adequacy under different scenarios in the 
Norwegian economy. We illustrate important properties of these models by studying a stress sce-
nario for the Norwegian economy involving major shocks. The stress scenario shows that banks’ 
profit will be considerably impaired if house prices are sharply reduced and the interest rate rises. 
Banks’ capital adequacy will also decrease. However, banks in Norway have a solid capital base, 
and our analysis shows that they would be able to weather such economic developments.

1 Introduction

Over the past decades, financial stability analysis has 
been given an increasingly important role in many cen-
tral banks as financial markets have deepened and finan-
cial crises have occurred more frequently. A number of 
central banks have a clear mandate to promote finan-
cial stability2: the situation in the financial system, i.e. 
financial institutions, markets and payment systems, 
are monitored and analysed regularly. An important ele-
ment in the analysis of financial stability is to study how 
vulnerable the financial system is to macroeconomic 
shocks. This can be done by conducting stress tests.

The use of stress testing to assess vulnerability in 
the financial sector has become increasingly common 
among central banks. The methods and models used, 
however, are different. This is partly due to differing 
perceptions of what the most important elements are in 
financial stability analyses, but also to structural differ-
ences in financial systems across countries.

Norges Bank is developing a system comprising a 
number of models for stress testing financial stabil-
ity. In our analyses of financial stability, considerable 
weight is given to assessing developments in banks, 
as banking accounts for most of the financial sector in 
Norway. Banks play a key role in credit provision and 
payment services – and they differ from other financial 
institutions in that their activities are largely funded by 
customer deposits.

The next section provides a brief description of the 
complete model system used for stress testing. Two of 
the models are then presented in more detail: a macro-
economic model for the analysis of financial stability 
and a bank model for analysing developments in banks’ 
profit and capital adequacy. Section 3 contains an exam-
ple showing how the two models are used to assess 
developments in bank’s profit and capital adequacy in 
two different scenarios for the Norwegian economy, a 
benchmark scenario and an alternative scenario involv-
ing major shocks. Section 4 provides a summary.

2 A system for stress testing

The model system3 for stress testing of financial stabil-
ity comprises a macro model, a micro model for default 
probabilities among households, a micro model for 
default probabilities among non-financial enterprises, 
and a bank model for banks’ profit and capital adequacy. 
The models can be simulated independently or as an 
integrated system.

The macro model is a model for the Norwegian econo-
my expanded to include important variables for financial 
stability analysis. The model is used to describe alterna-
tive scenarios for the Norwegian economy in which the 
economy is exposed to extreme, negative shocks. These 
are shocks that are likely to have a negative impact on 
households, enterprises and banks.

1 We are grateful to Sigbjørn Atle Berg, Gunnar Bårdsen, Roger Hammersland, Kjersti-Gro Lindquist, Tommy Sveen and Bent Vale for useful comments.
2 See for example Ferguson (2002)
3 For a more detailed description of the model system used in stress-testing analyses, see Andersen et al. (2008a).
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The micro model for households is a model for pre-
dicting default probabilities in individual households. 
However, there is no information about which house-
holds default on their loans. We therefore introduce an 
indicator for default probabilities by estimating a meas-
ure of household financial margins. Household financial 
margins are defined as income after tax minus interest 
expenses, loan repayments and normal living expenses. 
Outstanding debt in households with negative margins 
is classified in the model as debt at risk. For a more 
detailed description of the household model, see Vatne 
(2006).

The micro model for enterprises is a model for pre-
dicting default probabilities for all Norwegian limited 
companies. Default probabilities are derived from an 
estimated model for bankruptcy probabilities (SEBRA), 
which is based on key variables from the enterprises’ 
accounts, including earnings, liquidity and financial 
strength. Idiosyncratic variables are also included, such 
as industry and the size and age of the enterprise. Default 
probabilities for the individual enterprises are multiplied 
by the enterprise’s outstanding debt and can be inter-
preted as that enterprises’ debt at risk. The sum of risk-
weighted debt for all enterprises will constitute debt at 
risk in the corporate sector. For a more detailed descrip-
tion of the corporate sector model, see Bernhardsen and 
Larsen (2007).

The bank model comprises three main components: 
profit and loss account, balance sheet and capital 
adequacy calculation. This model can be applied to 
individual banks or groups of banks, depending on the 
purpose of the analysis.

Chart 1 illustrates the interplay between components 
in the model system. The structure of the system is 
recursive, with the macro model’s projections of key 
macroeconomic variables being used in the micro part of 
the system, illustrated by the solid arrows. This enables 
us to conduct consistent analyses where macroeconomic 
developments are the same for all the models.

In the micro part of the system, i.e. the household, 
corporate sector and bank models, the profit from the 
macro model are used as exogenous input, either directly 
or in derived form. In the bank model, we also use cal-
culations of debt at risk grouped by industry from the 
corporate sector model. This enables us to assess the 
risk associated with each bank’s portfolio composition. 
As illustrated by the broken arrow in the chart, it is also 
possible to use this approach for the household sector.

Banks’ loan losses are a key variable when we estimate 
banks’ profit and capital adequacy in the bank model. 
The system is designed to provide two alternative possi-
bilities for estimating loan losses. In this analysis, banks’ 
loan losses in the years ahead are estimated on the basis 
of the macro model’s projections of problem loans4. 
Another alternative is to use the micro model’s projec-
tions of default probabilities and debt at risk.

In the rest of this section, we will give an account of 
the structure and properties of the macro model and the 
bank model.

2.1 The macro model

In connection with the development of the model sys-
tem for stress testing, Norges Bank has developed a 
macroeconomic model designed for financial stability 
analysis, see Box 1 below. The model is used to describe 
macroeconomic scenarios. For a more detailed review of 
the relationships in the macro model, see appendix 1 in 
Andersen et al. (2008a).

We have used as our basis an existing model of the 
Norwegian economy, see Bårdsen and Nymoen (2008) 
and Chapter 9 in Bårdsen et al. (2005). The model has 
been expanded by including relationships for variables 
are that are central to financial stability analysis, includ-
ing house prices, household debt, housing investment 
and banks’ problem loans in the household and corporate 
sector. In addition, the original model was altered some-
what by including a financial accelerator. House prices 
and credit influence each other and have an impact 
on developments in economic activity, represented by 
mainland GDP.

The macro model is an equilibrium correction model 

Chart 1 Norges Bank’s system for stress testing
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4 Problem loans are defined as the sum of non-performing loans and non-delinquent loans which the banks consider to be particularly doubtful.
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for the Norwegian economy, and comprises estimated 
relationships on quarterly data for, for example, main-
land GDP, unemployment, wages, prices, import prices, 
nominal exchange rate, house prices, housing invest-
ment, household credit growth and problem loans in 
banks. In addition, the model contains a Taylor-type 
interest-rate reaction function for money market rates.

The model has a number of features that are of par-
ticular interest in analyses of financial stability. First, 
developments in house prices and debt have repercus-
sions on the real economy through aggregate demand. 
Total activity, i.e. mainland GDP, is in the long-term a 
function of the interest rate, exchange rate, household 
credit growth and public consumption, all variables 
measured in real terms (see relationship (1.1)). Public 
consumption, house prices and growth in credit to both 
households and enterprises also have short-term effects 
on the level of activity. Both the short- and long-term 
effects of credit growth are assumed to represent fric-
tions in credit markets, for example because borrow-
ers are rationed. With higher house prices and higher 
credit, aggregate demand and output in the economy will 
increase. Higher house prices result in increased wealth 
for homeowners, who may want to realise a share of the 
gain in the form of debt-financed consumption. At the 
same time, new residential construction projects become 
profitable when house prices rise relative to residential 
construction costs. This leads to higher housing invest-
ment. Higher house prices will also push up household 
indebtedness. The model thus embodies the correlation 
between the level of economic activity, house prices and 
household debt growth.

In addition, the model contains relationships for banks’ 
problem loans to the household sector and the corporate 
sector respectively, where problem loans comprise non-
performing loans and other doubtful loans. Problem loans 
are determined by developments in macroeconomic var-
iables and enable us to assess banks’ vulnerability and 
the risk of loan losses under different macroeconomic 
scenarios. The relationships for problem loans5 in (1.12) 
and (1.13) are modelled based on debt-servicing capac-
ity and willingness among households and enterprises 
respectively. The probability of default is represented 
by factors such as income, interest rate, unemployment, 
competitiveness and oil prices. Competitiveness for 
Norwegian enterprises is reflected in the real exchange 
rate, while oil prices reflect the petroleum sector’s par-
ticular significance for developments in demand in the 
Norwegian supplier sector.

The exchange-rate model is presented in relationship 

(1.2). In the long term, the real exchange rate reflects 
the difference between the domestic and the global real 
interest rate, and oil prices. In the long term uncovered 
interest-rate parity holds in real terms.

Import prices in relationship (1.3) are a homogene-
ous function of the nominal exchange rate and foreign 
producer prices measured in foreign currency. But in 
addition, import prices rise if the real exchange rate 
(measured by consumer prices) appreciates.

Unemployment, wages and consumer prices in rela-
tionship (1.4)–(1.6) are based on the assumption of 
imperfect competition and a model for negotiations 
between trade unions and employers. Trade unions are 
concerned about both wage developments and unem-
ployment. In the long term, changes in consumer prices 
and productivity feed through fully to wages. The wage 
level also depends on the bargaining power of trade 
unions, which is reflected in the level of unemployment. 
Consumer prices are determined in the long term by pro-
duction costs, reflected in labour costs per person-hour 
and import prices. In the short term, price developments 
are also affected by developments in mainland GDP.

The money market rate in relationship (1.7) is a 
Taylor-type interest-rate reaction function that depends 
on how much inflation deviates from the inflation target, 
the level of unemployment and global money market 
rates. This relationship is partly estimated and partly 
calibrated on historical data.

The bank lending rate in relationship (1.8) is the sum 
of the money market rate and an exogenously deter-
mined lending margin.

Household credit growth is given in relationship 
(1.9). Credit growth depends on household income, 
interest rates on loans and house prices. Household 
debt-servicing capacity increases with higher incomes 
and lower interest rates, which makes banks willing to 
provide more credit to households and results in higher 
household demand. Most household debt is secured on 
the borrower’s own dwelling. Higher house prices lead 
to higher collateral values for banks, which thereby 
become willing to increase loans secured on dwellings. 
Household housing wealth also increases when house 
prices rise, and by increasing the loan-to-value ratio, 
households can realise some of the increase in wealth in 
the form of higher consumption.

House prices and housing investment in relationship 
(1.10) and (1.11) are modelled based on a stock flow 
model. First, house prices are modelled, defined as a 
demand function given the supply, i.e., given the hous-
ing stock. The reason for this approach is that the hous-

5 For a more detailed review of problem loans in banks, see Berge and Boye (2007).
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6 All banks in Norway except branches of foreign banks in Norway.

ing stock is a lagged variable that it takes time to change 
via housing investment. Then housing investment is 
modelled, i.e. the change in the supply, on the basis of 
profitability considerations among residential building 
contractors.

Corporate credit growth is exogenously determined in 
this analysis.

2.2 Bank model

Banks face a number of risk factors. The purpose of the 
bank model is to analyse how vulnerable banks are to 
these risk factors. Loans to households and enterprises 

account for approximately two-thirds of Norwegian 
banks’ assets.6 It is important, therefore, that the bank 
model can be used to analyse how changes in credit risk 
affect banks’ profit and financial strength. It should also 
be possible to use a bank model to analyse the effects of 
liquidity risk, market risk and operational risk on banks’ 
profit and financial strength.

The bank model is a non-behavioural model and con-
sists of three main components: profit and loss account, 
balance sheet and capital adequacy calculation (see 
Chart 2).

The profit and loss account and the balance sheet have 
a reciprocal effect on each other. Banks’ profit after 

Box 1. A small macroeconomic model for financial stability analysis

Macro variables:
Mainland GDP Y = f (G, E, CRh, RL, P; PH, CRe) (1.1)
Nominal exchange rate  V = f (E, R, R*, P, P*, PO, USD; U) (1.2)
Import prices PI = f (V, PI*, P, P*) (1.3)
Unemployment U = f (W, P; Y) (1.4)
Wages W = f (Z, P, U) (1.5)
Consumer prices P = f (W, Z, PI; Y, PE) (1.6)
Money market rate R = f (πc, R*, U) (1.7)

Financial stability variables:
Bank lending rates RL = f (R, RLM) (1.8)
Household debt CRh = f (RL, INC, PH, P) (1.9)
House prices PH = f (RL, U, INC, HS, CRh; He) (1.10)
Housing investment J = f (HS, PH, INC, PJ, P; RL, πc,) (1.11)
Problem loans, households Dh = f (CRh, RL, INC, PH, U, P) (1.12)
Problem loans, enterprises De = f (CRe, RL, U, PO, USD, E, P) (1.13)

* defines the international value of a variable. In the functions designed  ( …… ; …… ) variables with long-term effects are placed before the semicolon, 
while variables with only short-term influence are placed after the semicolon. 

Variables are defined by: 
Y = Mainland GDP 
G = Public consumption 
PH = House prices 
CRe = Credit to corporate sector
CRh = Credit to household sector
E = Real exchange rate
RL = Bank lending rate
P = Consumer price index
V = Nominal exchange rate
R = Money market rate 
PO = Oil price in NOK
U = Unemployment 
USD = NOK per USD 

PI = Import prices
W = Wages
Z = Productivity
PE = Electricity prices
πc = Core inflation
RLM = Bank lending margin
INC = Disposable income households
He = Household expectations
HS = Housing wealth
J = Housing investment
PJ = Price index, housing investment
Dh = Problem loans, households
De = Problem loans, enterprises
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7 Other interest-bearing liabilities include short-term paper, bonds, subordinated loans and other debt.

tax and dividends directly affects banks’ equity capital 
that is included in the balance sheet. At the same time, 
net interest income, which is included in the profit and 
loss account, is determined by the size of the assets and 
liabilities in the balance sheet. 

The balance sheet affects the capital adequacy cal-
culation. Equity capital is an important item in the 
calculation of regulatory capital included in the capital 
adequacy calculation. The balance sheet also affects the 
risk-weighted assets for capital adequacy calculation.

The bank model’s projections make use of the output 
from the macro model on lending to households, lending 
rates, loan losses and labour costs (see italicised text in 
Chart 2). The model may be used for individual banks or 
groups of banks, depending on the purpose of the analy-
sis. A detailed presentation of the model follows.

2.2.1 Banks’ profit and loss account

Banks’ profit after tax and dividends is calculated in the 
following manner:

PRO = NII + OOI – OOC – LL – T – DIV (2.1)

where profit after tax and dividends (PRO) depends on 
net interest income (NII), other operating income (OOI), 
other operating costs (OOC), loan losses (LL), tax (T) 
and dividends (DIV).

Net interest income (NII) which is included in the 
calculation of banks’ profit after tax and dividends (see 
equation 2.1), is calculated as follows:

NII = ((L–1
 + L)/2)•LR + ((OA

–1
 + OA)/2)•ROA

– ((D
–1

 +D)/2)•RD – ((OL
–1

 + OL)/2)•ROL (2.2)

where the subscript –1 indicates that the variable is from 
the previous quarter. Net interest income (NII) depends 
on net lending (L), average lending rate (LR), other inter-
est-bearing assets (OA), average interest rate on other 
interest-bearing assets (ROA), deposits from customers 
and other financial institutions (D), average interest rate 
on deposits from customers and other financial institu-
tions (RD), other interest-bearing liabilities (OL)7 and 
average interest rate on other interest-bearing liabilities 
(ROL). An increase in the average interest rate on loans 
and other interest-bearing assets increases in isolation 
net interest income, whereas an increase in the average 
interest rate on deposits and other interest-bearing liabil-
ities has the opposite effect. In addition, growth in total 
assets will increase net interest income if the marginal 
interest rate is higher on interest-bearing assets than on 
interest-bearing liabilities. Net interest income as a share 
of banks’ total operating income has fallen over the past 
ten years, although the share was nonetheless 67 per cent 
at end-2007. It is therefore especially important that the 
projections for this income item are accurate.

Other operating income (OOI) which is included in 
the calculation of banks’ profit after tax and dividends 
(see equation 1), is calculated as follows:

OOI = FEE + SD + NGS + NGFE + NGD + OGI   (2.3)

where other operating income is the sum of fee income 
(FEE), share dividends (SD), gains/losses on securi-
ties (NGS), foreign exchange (NGFE) and derivatives 
(NGD), as well as other gains and income (OGI).

Fee income (FEE), which is included in the calcula-
tion of other operating income (see equation 2.3), is 
calculated using an error correction model estimated on 
quarterly data:

Δln(FEE) = –4.82 – 0.37ln(FEE–1
) + 0.60ln(GDP

–1
) 

+ 1.51(R5Y – R3M)
–1

 – 0.003ΔFORB 
+ 0.94Δln(GDP) + 0.23Δln(FEE

–4
)                        (2.4) 

+ 0.02S1 + 0.01S2 – 0.001S3

where ln designates the logarithm of the variable, the 
subscript –1 indicates that the variable is from the pre-
vious quarter and Δ designates the first difference, i.e. 
Δln(FEE) = ln(FEE) – ln(FEE

–1
). Banks’ fee income 

is estimated using GDP (GDP), the yield differential 
between 5-year government bonds (R5Y) and 3-month 
money market rates (R3M), and the market share of 
branches of foreign banks (FORB). The equation also 
contains the effects of seasonal variations (S(i)). See 
Andersen et al. (2008b) for a more detailed description 

Other operating income, 
Labour costs,

Other operating costs, 
Loan losses

Lending, deposits 
and other items in 
the balance sheet

Profit and loss 
account

Net interest 
income

calculation

Balance
sheet

Capital adequacy 
calculation

Profit after tax 
and dividend

Items included
in regulatory capital

Lending margin,
Deposit margin, 
Other margins, 
Lending rates

Risk-weighted 
assets as a share 

of total assets

Chart 2 Bank model



52 NORGES BANK ECONOMIC BULLETIN 2/2008

of the equation. At the end of 2007, fee income was the 
largest item in other operating income, accounting for  
55 per cent of the total.

Other operating costs (OOC) include labour costs, com-
mission costs, electronic data processing costs and other 
costs. Labour costs represented the largest item, account-
ing for 55 per cent of other operating costs in 2007.

Loan losses (LL) have been very low in recent years, 
but may increase considerably if the financial position 
of borrowers deteriorates. During the Norwegian bank-
ing crisis in the period 1988–1993, loan losses were 
very high, and in 1991 loan losses were higher than 
other operating costs. Projected loan losses are derived 
from the macro model’s calculations of problem loans 
and estimated loan-loss ratios for these loans. However, 
exposure to credit risk in different industries varies 
across banks. The bank model therefore uses the project-
ed distribution of loan losses across different industries 
from the corporate sector model.

Tax (T) is set at 28 per cent of profit before tax and div-
idends. The average share of tax that banks have charged 
to income during the past five years is slightly less than 
28 per cent, but the share varies from year to year.

Banks’ dividends (DIV) are assumed to be 50 per cent 
of after-tax profit. A dividend is not paid if banks record 
a negative profit.

2.2.2 Banks’ balance sheets

A bank’s balance sheet consists of an asset column list-
ing the bank’s assets and a liability column indicating 
how the assets have been funded. The assets in the bal-
ance sheet comprise the following items:

• loans to households and enterprises
• securities and deposits in other financial institutions
• other assets

Loans, accounting for 67 per cent of banks’ total assets 
in 2007, represented the dominant asset on the balance 
sheet.

Liabilities comprise the following items:

• customer deposits
• market funding
• other debt
• subordinated loans
• equity capital

Deposits, accounting for 62 per cent of banks’ total 
liabilities, represented the dominant liability on the bal-

ance sheet. Market funding comprises bonds, short-term 
paper and loans from other financial institutions.

2.2.3 Banks’ capital adequacy

The calculation of banks’ capital adequacy is based on 
projections of regulatory capital and the risk-weighted 
assets for capital adequacy.

Banks’ regulatory capital is the sum of Tier 1 capital 
and subordinated debt. It is impossible, however, to 
identify all components of Tier 1 capital. Therefore, a 
residual, i.e. the difference between the last reported 
figure for Tier 1 capital and the sum of the Tier 1 capital 
items in the balance sheet, is also projected.

The risk-weighted assets for capital adequacy are based 
on an assumption that growth in the risk-weighted assets 
is equivalent to growth in total assets. It is assumed 
therefore that the risk parameters and the composition 
of the portfolio remain unchanged during the estimation 
period. A number of empirical studies find, however, 
that the value of the risk parameters estimated by banks 
will increase during a downturn. In isolation, this will 
reduce capital adequacy when the risk of bankruptcy 
increases among the banks’ loan customers.

A natural extension of the model will thus be to 
approximate the risk-weighted assets based on bank-
ruptcy probabilities for enterprises and households 
with loans. Through this, bankruptcy probabilities for 
enterprises could be obtained from the SEBRA model 
while projections of household margins could be used to 
calculate bankruptcy probabilities for households.

2.2.4 Risk factors that can be analysed using the bank 

model

The bank model can be used to analyse the effect of 
several different risk factors on banks’ profit and finan-
cial strength. Credit risk affects banks’ loan losses (LL). 
Credit risk is therefore included in the bank model 
through the effect of estimated loan losses on banks’ 
profit (PRO) and capital adequacy.

Liquidity risk affects banks’ funding costs. In the bank 
model, the deposit rate (DR) and the interest rate on 
other interest-bearing liabilities (ROL) can be adjusted 
as a result of changes in liquidity risk. Changes in the 
interest rate that banks pay for funding affects estimated 
net interest income (NII) as well as banks’ profit (PRO) 
and capital adequacy.

Market risk affects dividends (DIV) and gains/losses 
on securities (NGS), foreign exchange (NGFE) and 
derivatives (NGD). Changes in market risk are thus 
important to other operating income (OOI), which is 
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included in the calculation of banks’ profit (PRO) and 
capital adequacy.

Banks can incur considerable losses as a result of 
operational risk. In the bank model, costs resulting from 
operational risk are included in other operating costs 
(OOC). Losses due to operational risk will thus lead 
to higher costs, lower profits (PRO) and a reduction in 
capital adequacy in the bank model.

3 Simulations of the system

In this section, we examine an alternative stress scenario 
for the Norwegian economy that involves major shocks 
as from 2008. A weakening of households’ expecta-
tions with regard to their own financial situation and the 
Norwegian economy leads to a sharp fall in house prices. 
Consumer price inflation increases as a result of both 
higher domestic price pressures and increased imported 
inflation. Moreover, we assume that banks’ risk will-
ingness declines in pace with heightened liquidity and 
credit risk in the Norwegian and global economy.

The bank model is used to project banks’ profit and 
capital adequacy up to and including 2011 based on the 
baseline scenario for the Norwegian economy presented 
in Monetary Policy Report 1/08. Developments for 
banks in that scenario are then compared with an alterna-
tive stress scenario. Such a stress scenario is not neces-
sarily the most likely alternative to the baseline scenario 
for the Norwegian economy, but rather an analysis of a 
possible scenario that could entail problems for banks.

3.1 Macroeconomic scenario

House prices fall markedly in the alternative stress sce-
nario (see Chart 3). In 2010, house prices are close to 35 
per cent lower than at the end of 2007. By comparison, 
house prices fell by about 30 per cent between 1988 and 
1992 in connection with the banking crisis. House prices 
edge up towards the end of the simulation period. With 
higher consumer price inflation in the alternative stress 
scenario, the interest rate rises rapidly over the next two 
years. Lower house prices and higher borrowing rates 
in banks (see Chart 4) result in lower corporate and 
household credit demand and weaker economic growth 
compared with the baseline scenario.

As a result of a change in the macroeconomic out-
look and increased loan defaults, we assume that banks 
tighten lending standards by reducing new loans to both 
households and enterprises. Under the alternative stress 
scenario, household and corporate debt growth drops 
sharply over the next two years (see Chart 5).

Chart 3 House prices. Annual rise. Per cent1)
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8 DnB NOR Bank, SpareBank 1 SR-Bank, Sparebanken Vest, SpareBank 1 SMN and SpareBank 1 Nord-Norge

Lower property prices and lower household and cor-
porate debt growth lead to slower growth in aggregate 
demand and output (see Chart 6). GDP growth is nega-
tive in two of the years. By comparison, mainland GDP 
fell by 1 per cent in 1988 and 1½ per cent in 1989. In 
2011, unemployment rises to just above 5 per cent, or 
about 2¼ percentage points higher than in the baseline 
scenario.

Weaker macroeconomic developments and higher bor-
rowing rates in banks reduce borrowers’ debt-servicing 
capacity. This results in a larger number of problem 
loans, particularly in the corporate sector. At the end of 
the simulation period, corporate problem loans account 
for almost 10 per cent of total corporate loans. By com-
parison, the share of problem loans was about 16–17 
per cent towards the end of the banking crisis in the 
1990s. For households, the increase is less dramatic. 
Nevertheless, the share of problem loans is more than 
double the share in the baseline scenario.

The share of problem loans that banks will have to 
record as losses depends to a large extent on collateral 
values. Bank loans are normally secured, largely on resi-
dential and commercial property. To simplify, we assume 
that commercial property prices follow developments in 
residential property prices. A fall in residential and com-
mercial property prices results in higher loan losses. 
We assume that loan losses increase to 55 per cent of 
problem loans in 2011. Such a high loan-loss ratio has 
not been recorded since the early 1990s, i.e. towards the 
end of the last banking crisis. With such a loan-loss ratio, 
losses constitute 2¼ per cent of total loans at the end of 
the projection period (see Chart 7).

3.2 Banks

Using the bank model, we project the profit and capital 
adequacy of the five largest Norwegian banks8 up to end-
2011. The bank model uses loans to households, lending 
rates, loan losses and labour costs from the macro model. 
The bank model uses loans to the corporate sector and 
the distribution of loan losses across different industries 
from the corporate sector model.

Chart 8 shows banks’ after-tax profits. In the baseline 
scenario for the Norwegian economy, banks’ profit is 
expected to decline somewhat the first year and then 
constitute approximately 0.7 per cent of average total 
assets during the remainder of the projection period. In 
the alternative stress scenario, banks’ after-tax profit as 
a percentage of average total assets will fall substan-
tially in 2009 and be negative as from 2010. The most 
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9 For en more detailed description of the equation, see Andersen et. al. (2008b)

important reason for the weaker profit in the alternative 
stress scenario is the marked increase in loan losses. In 
addition, banks’ market funding rates increase somewhat 
more than their deposit rates. This reduces banks’ net 
interest income in the stress scenario.

In spite of banks’ weaker profit in the alternative stress 
scenario, capital adequacy will be higher compared with 
the baseline scenario in the first two years (see Chart 9). 
This is because we assume that lending growth is slower 
than in the baseline scenario and that this contributes to 
curbing the rise in capital requirements. Negative profit 
in 2010 and 2011 will lead to weaker capital adequacy 
both in terms of level and compared with the baseline 
scenario. The average capital adequacy of the five banks 
in the alternative stress scenario will nevertheless be 
well above the minimum requirement of 8 per cent, but 
the capital adequacy of one bank will fall below the 
minimum requirement. In such a situation, banks can try 
to increase capital adequacy by raising new equity and 
subordinated debt. Banks will probably also increase 
lending margins more than assumed in the stress sce-
nario when loan losses are at nearly 2 per cent in 2010 
and 2¼ per cent in 2011.

3.2.1 Profit and loss account

In the projections of net interest income, lending and 
deposit rates are assumed to develop in pace with the 
lending rate from the macro model. The effect of higher 
liquidity risk is incorporated in the model by increasing 
the price premium for market funding. In the alterna-
tive stress scenario, the interest rate on other interest-

bearing liabilities is assumed to increase by 20 basis 
points more than the deposit rate in both 2008 and 2009. 
Subsequently, this interest rate falls 10 basis points 
compared with the deposit rate in both 2010 and 2011. 
The difference between these two interest rates is thus 
20 basis points higher in 2011 than in 2007. This inter-
est rate difference changes gradually since it takes time 
to refinance the entire stock of market funding. Section 
3.2.2 describes the projections of balance sheet variables 
included in the calculation of net interest income.

As a cross-check, we compare estimated net interest 
income with estimated net interest income from the 
error correction model which is estimated using macro 
variables (GDP and three-month money market rates).9 
This comparison is made to ensure that the estimation 
of net interest income is in line with the macroeconomic 
scenarios for the Norwegian economy. The comparison 
shows that the estimation of net interest income repre-
sents a plausible development given the macroeconomic 
scenarios.

Other operating income contains several components 
that are exposed to market risk. With the exception of 
fee income, developments in the components included 
in other operating income are assumed to be identical in 
the two scenarios. Dividends on shareholdings in 2008 
are assumed to be at the same level as in 2007 and 20 
per cent lower for the remainder of the projection period. 
Banks’ net losses on securities charged as a cost during 
the first quarter of 2008 are included in the projections 
for other operating income. Net losses/gains on securi-
ties are set at zero for the rest of the projection period. 
Net gains on foreign exchange and derivatives are not 
assumed to be cyclically sensitive. These income items 
are therefore set at the same level as in 2007 for the 
entire projection period. In the fourth quarter of 2007, 
DnB NOR recorded a NOK 1.4 billion gain on the sale 
of property. Since this is a one-time gain, other gains 
and income are adjusted down by an approximately 
equivalent amount from 2007 to 2008. Other gains and 
income rise in pace with the inflation target, i.e. 2.5 per 
cent per year, for the remainder of the projection period. 
The projections for fee income are calculated using the 
error correction model, where developments in GDP and 
interest rates are extracted from the macro model (see 
equation 2.4 in Section 2.2.1).

Other operating costs excluding labour costs are 
assumed to increase at the same pace as the inflation 
target in both scenarios. In spite of Norwegian banks’ 
high lending growth, annual growth in other operating 
costs has only been about 0.5 per cent during the past 
five years. The potential for further cost cuts may, how-
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ever, be limited. Banks’ labour costs are increasing at the 
same rate as the labour costs (including changes in both 
employment and wages) from the macro model in both 
the baseline scenario and the alternative stress scenario.

The projections for loan losses are obtained from the 
macro model’s calculations of the baseline scenario 
and the alternative stress scenario. The corporate sector 
model is used to predict the distribution of loan losses 
across different industries. In this way, the bank model 
uses information about the individual bank’s exposure 
to different industries as well as the corporate sector 
model’s estimated credit risk in these industries.

3.2.2 The balance sheet

Assets in banks’ balance sheets are projected as fol-
lows:

Loans to households are based on projections from 
the macro model. Loans to the corporate sector are 
projected on the basis of the corporate sector model. 
The macro model predicts a marked increase in losses 
on loans to the corporate sector in the alternative stress 
scenario. Both the supply of loans to enterprises and 
enterprises’ demand for loans are assumed to decline due 
to problems in the corporate sector.

Securities and other assets are assumed to grow at the 
same rate as total lending. This assumption ensures that 
the composition of banks’ assets remains unchanged 
in the projection period. This is also consistent with 
the assumption that the risk-weighted assets as a share 
of total assets remain constant during the projection 
period.

Liabilities in banks’ balance sheets are projected as 
follows:

As a simplification, growth in deposits is set equal 
to growth in labour costs from the macro model. The 
increase in equity is determined endogenously from the 
profit after tax and dividends. Growth in other interest-
bearing liabilities (bonds, short-term paper, loans from 
other financial institutions, subordinated debt and other 
debt) are set as a residual, so that the sum of all liabilities 
is equal to the sum of all assets.

While growth in total assets is higher than growth in 
deposits (and growth in labour costs) in the baseline 
scenario, the opposite is the case in the alternative stress 
scenario. Due to the above assumptions, growth in 
market funding is higher than growth in deposits in the 
baseline scenario. This is in line with growth in market 
funding, which has been higher than growth in deposits 
over the past ten years for Norwegian banks. In the 

alternative stress scenario, the need for market funding 
is much lower as a result of the low level of lending 
growth. As a result of the above assumptions, growth in 
market funding is lower than growth in deposits in the 
alternative stress scenario.

4 Summary

In this article, we have presented parts of Norges 
Bank’s system for stress-testing financial stability. The 
bank model in the system is used to analyse develop-
ments in profit and capital adequacy for the five largest 
Norwegian banks in two different macro scenarios for 
the Norwegian economy – one baseline scenario where 
the Norwegian economy develops in line with Monetary 
Policy Report 1/08 and an alternative stress scenario 
where house prices fall sharply, the interest rate rises and 
banks’ risk willingness declines. In the stress scenario, 
banks’ profit deteriorates considerably and is negative as 
from 2010. Average capital adequacy for the five banks 
is nevertheless well above the minimum requirement of 
8 per cent. The banks are basically financially sound, 
and the analysis shows that they will be able to weather 
such macroeconomic developments.
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   2007 2008 2009 2010 2011

CPI   0.8   3¾ (3)    3¾ (2¾)   3½ (2½) 3½ (2¾)

Annual wages   5.6   6¾ (6) 7 (5½)   6¼ (5) 5¼ (4¾)

Mainland GDP   6.0   2½    (3½)  –1½ (2)   –¼ (2¼) 3½ (2¾)

Registered unemployed2   1.9 2  (2)    2½ (2¼)   4½ (2¾) 5¼ (3)

Bank lending rates (per cent)   5.9   7½     (6½) 9 (6¼) 8 (5¾) 6¼ (6)

House prices 11.3 –9¼     (–½)  –19¾ (5¼)  –8¾ (4¾) 13 (4¾)

Credit to households 11.1   2½   (10½)  –1½ (9¾)   –¼ (9¼)   ¾ (8¾)

Credit to non-financial enterprises 18.9   2¾   (10½) 0 (7)     ¾ (5½) 1 (5)

Share of problem loans3, households   0.7     ¾       (½)      ¾ (½)   1¼ (½) 1¼   (½)

Share of problem loans3, non-financial enter-
prises

  1.1   1½     (1½)    2¾ (1¾)   6½ (2¾) 9¼ (3¼)

Bank losses, percentage of total lending   0.0     ¼  (0)     ¾ (0) 2   (¼) 2¼   (¼)

Table. Stress scenario. Percentage change on previous year (unless otherwise specified).
Baseline scenario1 in brackets

1) Baseline scenario for CPI, annual wages and mainland GDP are from MPR 1/08
2) As percentage of labour force. Baseline scenario for registered unemployment obtained by using the same percentage change as in baseline 
scenario for LFS unemployment in MPR 1/08
3) Non-performing loans and other particularly doubtful loans, as a share of banks’ total lending
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Economic implications of copulas and extremes  
Lorán Chollete, assistant professor at the Norwegian School of Economics and Business Administration 
(NHH), and special a   dviser to the Research Department of Norges Bank*

Recent events in financial markets and in nature have made it clear that it is vital to understand 
extremes. Such ’tail events’ occur in many aspects of economic life. As suggested by the subprime 
market spillover of 2007, the effects of which are still being felt, extreme events can spin out of con-
trol, so it is valuable to investigate how to characterise them. When extremes occur across several 
instruments or variables at the same time, the copula approach is one method of analysis. This arti-
cle introduces and illustrates recent ideas on copulas and tail events. We also give examples of the 
relation of these concepts to investor choice and the potential implications for regulatory policy. 

1 Introduction and motivation 

Extreme events have been with humanity through the 
ages. Some classic examples of extreme occurrences 
include the eruption of Mount Vesuvius in AD 79, which 
exploded 20 miles into the atmosphere and buried the 
inhabitants of Pompeii in volcanic ash, and the Black 
Death of the 1340s, which killed around 75 million 
people worldwide and destroyed more than one third 
of Europe’s population. More recently, extreme events 
include the stock market crash of 1929 when on Monday 
October 28 the US Dow Jones Index lost 13 % of its 
value in a single day; and the destruction of the World 
Trade Center on September 11, 2001. 

Why do we care about extremes and copulas? These 
concepts are very important for us to understand for two 
reasons. The first reason concerns the increasing inter-
connectedness of the world. This interconnectedness is a 
result of globalization as well as technological advances 
such as the internet. An interconnected world has many 
advantages. However, interconnectedness may also be 
a disadvantage in that we become more dependent on 
each other, since we can affect each other’s welfare 
quickly and directly. Dependence seems to be particu-
larly pronounced at extremes, for example during times 
of economic crisis. In economic markets, assets become 
more dependent in the lower tail during extremes, as 
documented by Ang and Chen (2002), Cappiello, Engle, 
and Sheppard (2006) and Hartmann, Straetmans, and 
de Vries (2003), among others. The standard way of 
measuring dependence is the Pearson correlation.1 This 
measure does not work well for data with a substantial 

amount of extremes, as discussed in Section 2 below. 
Copulas are general measures of dependence, and their 
parameters can help us to estimate the effect of our 
behaviour and our markets on others.2 

The second reason concerns the recent prevalence of 
extreme events. For example, as shown in Chart 1, the 
percentage change in US house prices reached record 
highs and lows during the period 2005 to 2007. Moreover, 
in the context of recent subprime-related scares, the 
price of interbank borrowing in the UK reached decade-
record levels in the fall of 2007, as shown in Chart 2. It 
is common to discuss extremes as exogenous, for exam-
ple Barro (2006) and Friedman and Laibson (1989). 
However, since at least the time of Fisher (1933), it 
has been acknowledged that some extreme periods are 

* A Norwegian title for this article may be “Ekstremverdier og sammenkoblinger – betydning for økonomisk analyse.” The article builds on other research by 
the author. Thanks to Gunnvald Grønvik, Randi Næs, Tørres Trovik and Bent Vale for their comments. 
1  The Pearson correlation is the standard correlation measure used in economics. As mentioned below, there are other correlation and comovement measures, 
one of which is the copula function. 
2  In keeping with research literature, throughout this paper we use the terms dependence and comovement interchangeably. 
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endogenous. An endogenous extreme event is one that 
depends on or is amplified by the behaviour of economic 
agents. Understanding the origin and patterns of such 
extreme events is very important for investors and cen-
tral bankers alike. 

An important aspect of the financial sector is relevant 
here, namely liquidity. Interestingly, during extreme 
events, liquidity often dries up. For example, Charts 3 
and 4 show that during the 1987 and 1998 market events, 
liquidity displayed a sharp drop in the US. Similar find-
ings have been documented in the Norwegian stock 
market by Chollete, Naes, and Skjeltorp (2007) during 
the burst of the dotcom bubble. Moreover, recent work 
by Chollete (2008) suggests that liquidity might be a 
channel for endogenous extremes and a potential predic-
tor of extremes. 

2 How do copulas relate to what we 
know? 

Before we discuss copulas, it is important to relate them 
to what is already known, namely correlations. For two 
generations the financial and academic communities have 
used some form of correlation or other second moment 
to summarize risk or diversification opportunities. The 
central insight is that we seek assets that do not comove 
with each other, in order to protect our investment port-
folios. That is, we demand higher returns to compensate 
for increased comovement, since we do not like to put 
all our eggs in one basket. A classic example in financial 
economics is the CAPM approach. Under some condi-
tions, the CAPM says that for any stock i, its return R

i
 

depends on its covariance with the market return R
m
: 

(1) 

where                                            Therefore, the more 
a stock is correlated with the market return, the higher 
its own return needs to be. 

If properly specified, correlations tell us about average 
diversification opportunities over the entire distribution. 
Given two random variables X and Y, the standard cor-
relation coefficient ρ

x,y
 is the covariance divided by the 

product of the standard deviations: 

(2)
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stock market crash in 1987.

Chart 4 Marketwide Liquidity during the LTCM Event in 1998
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(2003) liquidity measure around the time of the LTCM 
Event in summer1998.

Chart 2 Price of interbank borrowing in UK
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2 How do copulas relate to what we know?  
 
Before we discuss copulas, it is important to relate them to what is already known, namely 
correlations. For two generations the financial and academic communities have used some 
form of correlation or other second moment to summarize risk or diversification 
opportunities. The central insight is that we desire assets that do not comove with each other, 
in order to protect our investment portfolios. That is, we demand higher returns to compensate 
for increased comovement, since we do not like to put all our eggs in one basket. A classic 
example in financial economics is the CAPM approach. Under some conditions, the CAPM 
says that for any stock i, its return Ri depends on its covariance with the market return Rm:  
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close to zero. Second, with regard to estimation bias, an important issue is noted by Forbes 
and Rigobon (2002), who show theoretically that, by definition, conditional correlation must 
increase during volatile periods. After adjusting for such bias, Forbes and Rigobon (2002) 
document that prior findings of international comovement are reversed. Third, correlation is 
linear and therefore may overlook important nonlinear comovements, for example differential 
comovement during up and down markets.3  
 
3 Such nonlinearity is documented by a number of researchers, including Ang and Chen (2002).  
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who show theoretically that, by definition, conditional 
correlation must increase during volatile periods. After 
adjusting for such bias, Forbes and Rigobon (2002) docu-
ment that prior findings of international comovement are 
reversed. Third, correlation is linear and therefore may 
overlook important nonlinear comovements, for example 
differential comovement during up and down markets.3 

Thus far, we have used the term correlation quite 
loosely. In fact, there are numerous correlation meas-
ures, and the Pearson correlation we discussed above 
is only one of them. An alternative measure is the rank 
(or Spearman) correlation, ρ

S
. This is more robust than 

the traditional correlation. Rank correlation measures 
comovement of ranks, and is expressed as 

(3)

where F
X 
(x) and F

Y
(y) are the distribution functions of X 

and Y, respectively.4 The rank correlation is useful when 
analysing data with many extreme observations, since it 
is independent of the levels of the variables, and there-
fore less sensitive to outliers. For example, if we denote 
the Norwegian and UK stock markets by X and Y, and 
examine the traditional correlation between these two 
markets, it will be highly affected by periods of booms 
and crises, which yield very large and very small stock 
prices, respectively. The reason is that the traditional cor-
relation in (2) depends on the level of X and Y. However, 
as seen in expression (3) the rank correlation between 
Norway and UK stock markets will only change if there 
is a change in the distribution of the stock returns. 

2.1 Copulas 

Unlike correlations, copulas can help us to uncover 
both linear and nonlinear diversification opportunities. 
Consider a portfolio of two assets with returns X and 
Y. All the relevant comovement in the portfolio is con-
tained in the joint density f

X,Y
 (x, y). However, this infor-

mation is often unavailable for large portfolios, because 
there might be no simple, single parametric joint density 
to depict the relationship among all the securities. 

An alternative for measuring dependence in this setting 
is the copula function c(u,v). In Norwegian, it is called 

a ’koblingsfunksjon’, which means a ’joining function’. 
This is exactly what a copula does: it joins the marginal 
distributions together, to form the full, joint, distribution. 
For example, in the case of two returns X and Y as above, 
the copula would be expressed as 

(4)  f(x, y) = c(F
X
(x), F

Y
(y)) · f

X
(x) · f

Y
 (y)  

Why is Equation (4) interesting? One important reason 
is that it empowers us to separate out the joint distribution 
from the marginals. For example, if we are interested in 
determining the source of increased risk in a Norwegian-
UK portfolio during extreme periods, this could come 
from either the fact that the marginals f are heavy-tailed, 
or their dependence c is heavy-tailed, or both. 

There are a number of parametric copula specifica-
tions. We focus on three types: the normal, the student-t, 
and the Gumbel copulas.5 The normal specification is a 
natural benchmark, as the most common distributional 
assumption in finance, with zero extreme comovement.6 
The student-t is useful since it has symmetric but non-
zero extreme comovement and nests the normal copula. 
The Gumbel copula is useful because it has nonlinear 
comovement and asymmetric extreme comovement – 
the mass in its right tail greatly exceeds the mass in 
its left tail. Moreover, the Gumbel copula is a member 
of two important families, archimedean copulas and 
extreme value copulas.7 In addition to these single 
copulas, we use a ’mixed’ copula, which combines a 
normal, Gumbel and Rotated Gumbel copula. In terms 
of practicality, these copulas are a subset of those most 
frequently used in recent empirical papers, for exam-
ple, Embrechts, McNeil, and Straumann (2001), Patton 
(2005) and Rosenberg and Schuermann (2006). Table 1 
provides functional forms of the copulas. In this table, 
the parameters ρ, α and β measure dependence. They are 
therefore similar to the traditional correlation, although 
they can allow for nonlinear dependence. 

Intuitively, the normal and student-t copulas are 
just multivariate versions of familiar distributions like 
the univariate normal and student-t distributions. The 
Gumbel is a multivariate version of the Gumbel density. 
For the purposes of risk management and financial sta-
bility, these copulas are useful mainly because of their 
shapes: some are symmetric, some are skewed, and oth-

3 Such nonlinearity is documented by a number of researchers, including Ang and Chen (2002). 
4 Since the distribution functions are monotonic, they preserve the ranks of the original data. Therefore the Spearman correlation defined above is based on 
ranks, see Cherubini, Luciano, and Vecchiato (2004) page 100.
5 Since we wish to investigate left comovement or downside risk, we also utilize the survivor function of the Gumbel copula, denoted the Rotated Gumbel. 
6 In the absence of a consensus in the literature, we use the term extreme comovement to mean comovement at the extreme quantiles of the distribution. 
7 Archimedean copulas represent a convenient bridge to gaussian copulas since the former have dependence parameters that can be defined through a correlation 
measure, Kendall’s tau. Extreme value copulas are important since they can be used to model joint behaviour of the distribution’s extremes. 

2 In keeping with research literature, throughout this paper we use the terms dependence and comovement 
interchangeably.  

The second reason concerns the recent prevalence of extreme events. For example, as shown 
in Chart 1, thepercentage change in US house prices reached record highs and lows during the 
period 2005 to 2007. Moreover, in the context of recent subprime-related scares, the price of 
interbank borrowing in the UK reached decade-record levels in the fall of 2007, as shown in 
Chart 2. It is common to discuss extremes as exogenous, for example Barro (2006) and 
Friedman and Laibson (1989). However, since at least the time of Fisher (1933), it has been 
acknowledged that some extreme periods are endogenous. An endogenous extreme event is 
one that depends on or is amplified by the behaviour of economic agents. Understanding the 
origin and patterns of such extreme events is very important for investors and central bankers 
alike.

An important aspect of the financial sector is relevant here, namely liquidity. Interestingly, 
during extreme events, liquidity often dries up. For example, Figures 3 and 4 show that during 
the 1987 and 1998 market events, liquidity displayed a sharp drop in the US. Similar findings 
have been documented in the Norwegian stock market by Chollete, Naes, and Skjeltorp 
(2007) during the burst of the dotcom bubble. Moreover, recent work by Chollete (2008) 
suggests that liquidity might be a channel for endogenous extremes and a potential predictor 
of extremes.  
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ers are asymmetric. These shapes correspond to types 
of risk. For example, if a bank’s assets are fit by copula 
with a heavy left tail, this means that the bank is prone to 
have low returns across all assets at the same time. 

2.2 The case for and against copulas 

There are three main advantages of using copulas in 
finance. First, and perhaps most relevant for central 
banks, copulas can aggregate portfolio risk from dispa-
rate sources, such as credit and operational risk. This is 
possible even for risk distributions that are subjective 
and objective, as in Rosenberg and Schuermann (2006). 
Second, copulas are a convenient choice for modelling 
potentially nonlinear portfolio comovement, such as cor-
related defaults. A third advantage is invariance. Since 
the copula is based on ranks, it is invariant under strictly 

increasing transforms.8 That is, the copula extracts the 
way in which x and y comove, regardless of the scale 
used to measure them.9 There are two disadvantages to 
using copulas. First, from a finance perspective, a disad-
vantage is that many copulas do not have moments that 
are directly related to Pearson correlation. It is therefore 
sometimes difficult to compare copula results to those 
of financial models based on correlations or variances. 
Second, from a statistical perspective, it is sometimes 
not easy to say which parametric copula best fits a given 
dataset, since some copulas may fit better near the center 
and others near the tails. It is possible to overcome this 
issue by focusing on different shapes of copulas that 
are important from a finance perspective, and by using 
several specification checks, namely AIC, BIC, a mix-
ture model, and the econometric test of Chen and Fan 
(2006).10 

8 The copula is based on ranks since it is a function of the marginal distribution functions F
X
(x) and F

Y
 (y). The marginal distributions are monotonic and preserve 

the ranks of the original data. Therefore the copula is based on ranks, see Cherubini, Luciano, and Vecchiato (2004). 
9 See Schweizer and Wolff (1981). For more details on copula properties, see Nelsen (1998). 
10 AIC and BIC denote Akaike Information Criterion and Bayes Information Criterion, respectively. Consider a sample with size equal to T, and the number of 
estimated parameters (θ) equal to q. Then the AIC and BIC are defined as 

where ln             is the maximized log likelihood. The AIC is based on maximum entropy considerations, and the BIC modifies AIC with a stricter penalty for 
overfitting a model. The best model is selected to be the one that minimizes AIC or BIC. 
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for central banks, copulas can aggregate portfolio risk from disparate sources, such as credit 
and operational risk. This is possible even for risk distributions that are subjective and 
objective, as in Rosenberg and Schuermann (2006). Second, copulas are a convenient choice 
for modeling potentially nonlinear portfolio comovement, such as correlated defaults. A third 
advantage is invariance. Since the copula is based on ranks, it is invariant under strictly 
increasing transforms.8 That is, the copula extracts the way in which x and y comove, 
regardless of the scale used to measure them.9 There are two disadvantages to using copulas. 

First, from a finance perspective, a disadvantage is that many copulas do not have moments 
that are directly related to Pearson correlation. It is therefore sometimes difficult to compare 
copula results to those of financial models based on correlations or variances. Second, from a 
statistical perspective, it is sometimes not easy to say which parametric copula best fits a 
given dataset, since some copulas may fit better near the center and others near the tails. It is 
possible to overcome this issue by focusing on different shapes of copulas that are important 
from a finance perspective, and by using several specification checks, namely AIC, BIC, a 
mixture model, and the econometric test of Chen and Fan (2006).10

  

 
 
8 The copula is based on ranks since it is a function of the marginal distribution functions FX(x) and FY (y). The 
marginal distributions are monotonic and preserve the ranks of the original data. Therefore the copula is based 
on ranks, see Cherubini, Luciano, and Vecchiato (2004).  
 
9 See Schweizer and Wolff (1981). For more details on copula properties, see Nelsen (1998).  
 
10 AIC and BIC denote Akaike Information Criterion and Bayes Information Criterion, respectively. Consider a 
sample with size equal to T, and the number of estimated parameters ( ) equal to q. Then the AIC and BIC are 
defined as  
 

AIC(q) = –2 ln [ ])(ˆ θL  + 2q  
 

BIC(q) = –2 ln [ ])(ˆ θL  + q ln(T) 
 

where ln [ ])(ˆ θL  is the maximized log likelihood. The AIC is based on maximum entropy considerations, and the 
BIC modifies AIC with a stricter penalty for overfitting a model. The best model is selected to be the one that 
minimizes AIC or BIC.  
 
 
 

2.3 Extreme comovement  
 
As mentioned in the introduction, extreme events often coincide across different asset classes, 
especially during down markets. Since copulas measure dependence of ranks, they can be 
used to estimate comovement at the tail u (highest and lowest ranks). However, copulas can 
be restrictive since they apply to the whole distribution, both center and tails. In some 
instances, a bank or risk manager is interested in only downside risk, for example. Therefore 
we would like to have a number that just measures tail or extreme comovement. Such extreme 
risk is often assessed using the concept of upside or downside risk, denoted (u). This 
function measures, for example, the probability of a joint extreme event in the Norwegian and 
UK exchanges:  
 

(u)  Pr(F(O)  u | F(L)  u)  
 
where F(L) and F(O) refer to the distribution functions of average returns on the London and 
Oslo exchanges, respectively. (u) measures upside risk. Its counterpart of downside risk, (l), 
is obtained by reversing the inequalities above. Formally, extreme comovement is measured 
by the limit of upside and downside risk.11

  
 
11 Specifically, left extreme comovement is the limit of (l) and right extreme comovement is the limit of (u).  
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2.3 Extreme comovement 

As mentioned in the introduction, extreme events often 
coincide across different asset classes, especially during 
down markets. Since copulas measure dependence of 
ranks, they can be used to estimate comovement at the 
tail u (highest and lowest ranks). However, copulas can 
be restrictive since they apply to the whole distribution, 
both centre and tails. In some instances, a bank or risk 
manager is interested in downside risk only, for exam-
ple. Therefore we would like to have a number that just 
measures tail or extreme comovement. Such extreme 
risk is often assessed using the concept of upside or 
downside risk, denoted λ(u). This function measures, for 
example, the probability of a joint extreme event in the 
Norwegian and UK exchanges: 

λ(u) ≡ Pr(F(O) ≥ u | F(L) ≥ u) 

where F(L) and F(O) refer to the distribution functions 
of average returns on the London and Oslo exchanges, 
respectively. λ(u) measures upside risk. Its counterpart 
downside risk, λ(l), is obtained by reversing the inequal-
ities above. Formally, extreme comovement is measured 
by the limit of upside and downside risk.11 

How do we assess extreme comovement? In practice, 
we use a measure, χ , defined as 

(5)

In terms of the above example, if the London and Oslo 
stock markets have significant extreme comovement as 
measured by χ , then they are likely to experience joint 
booms or crashes.13 We will see a simple application of 
such measures of downside risk in section 4. 

3 Examples of correlations and copulas 
in financial economics 

To give an indication of the difference between copulas 
and correlations, we now show some examples using 
international stock market data. We use three sets of 
countries, G5, East Asia and Latin America. For further 

details, see Chollete, de la Pena, and Lu (2006), which is 
a source of the results presented here.

3.1 Correlation estimates 

Table 2 presents the correlations and rank correlations 
for stock return indices from the G5, East Asian and 
Latin American countries. These indices are available 
from MSCI. We also present ranges in order to indicate 
the scope of diversification opportunities for an interna-
tional investor. We first consider G5 countries. Panel A 
shows results for the entire sample. The average correla-
tion for the G5 countries is 0.545, with a range of 0.519. 
Panel B shows results for the first part of the sample, 
from 1990 to 2001. The average correlation in this part 
of the sample is slightly lower, at 0.487. The range is 
smaller than for the full sample, at 0.480. Panel C dis-
plays the correlations from the latter part of the sample, 
2001 to 2006. In all cases the average correlations are 
larger. The average correlation is 0.637, with a range of 
0.545. To summarize, there are three main findings for 
the G5 countries. First, average comovement increased 
for every country pair from the earlier to latter part of 
the sample. Second, the countries affording maximal and 
minimal diversification benefits were the same over the 
sample period. This is true whether we measure comove-
ment with Pearson or rank correlation. Third, the range 
of diversification opportunities was larger in the latter 
period, although the very best (lowest) comovement was 
in the earlier part of the sample. 

Now let us consider the East Asian economies. For 
the entire sample, in Panel A, the average Pearson cor-
relation of 0.406 is somewhat lower than for the G5 
economies. The range of 0.273 is also much lower. The 
maximal and minimal correlations are for Hong Kong- 
Singapore and Taiwan-Thailand, respectively. Panel B 
shows results for the first part of the sample. Here, the 
average correlation is slightly lower than for the full 
sample, at 0.379. The maximum is also smaller than 
for the full sample, although the diversification range 
increases to 0.340. Panel C shows the latter part of the 
sample. In this case, the average correlation increases 

11 Specifically, left extreme comovement is the limit of λ(l) and right extreme comovement is the limit of λ(u).

12 In some instances, χ is supplemented by a second measure, χ,

(6)

where C     (u, u) is the survivor copula of C(u, u). This second measure is useful when χ is undefined. 
13 It is outside the scope of this article to develop the analysis of extreme comovement. For more details, see Poon, Rockinger, and Tawn (2004) and Berliant, 
Goegebeur, Segers, and Teugels (2005), Chapter 9. 
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to 0.511, while the range falls to 0.286. Throughout the 
samples, the country pair with maximal correlation is 
that of Hong Kong-Singapore. Interestingly, the minimal 
correlation switches from Korea-Taiwan in the first half 
to Hong Kong-Thailand in the latter half, and is Taiwan-
Thailand for the entire sample. This suggests that the 
best diversification opportunities would differ depend-
ing on the investor’s holding period. To summarize, 
for the East Asian economies, the average correlations 
increased over time, the two-country portfolios afford-
ing best diversification opportunities were not stable, 
and the diversification range fell over time. 

Finally, we consider the Latin American economies. 
Panel A shows the full sample estimates, which feature 
average correlations of 0.414 with a range of 0.151. The 
maximum and minimum correlations are for Brazil–
Mexico and Argentina–Chile, respectively. Interestingly, 
the rank correlation picks a different country pair for 
maximal correlation, namely Argentina–Mexico. This 
suggests that in this sample, the usual correlation does 
not capture the full story for diversification. Panel B 
shows the first part of the sample, 1990-2001, with an 
average correlation of 0.416, and a diversification range 

of 0.134. Once again, the Pearson and rank correla-
tion disagree on the same country pairs regarding the 
maximal comovement. Panel C shows the latter part of 
the sample, 2001-2006. Here, the average correlation 
and diversification range both rise, to 0.423 and 0.251 
respectively. To summarize, for the Latin American 
countries, both average comovement and diversification 
range have increased over time. Moreover, disagreement 
of the Pearson and rank correlations indicates potential 
nonlinear diversification benefits, for example during up 
versus down markets. 

In terms of general comparison, in all sample periods 
the G5 countries have the highest average and maximum 
correlations of the three regions, as well as the larg-
est range of diversification opportunities. The lowest 
minima for the full sample and first period are in East 
Asia, but in Latin America for the latter sample period. 
In economic terms, our correlation results suggest that 
an investor who invests solely in the G5 countries has 
a wider array of diversification possibilities, relative to 
an investor who invests solely in the East Asian or Latin 
American economies. 

G5 East Asia Latin America

Panel A: 1990–2006

Avg Max Min Range Avg Max Min Range Avg Max Min Range

Pearson’s ρ 0.545 0.822 0.303 0.519 0.406 0.588 0.315 0.273 0.414 0.506 0.355 0.151

(FR-DE) (JP-US) (HK-SI) (TW-TH) (BR-ME) (AR-CH)

Rank Corr 0.523 0.772 0.304 0.468 0.373 0.539 0.271 0.268 0.376 0.447 0.299 0.148

(FR-DE) (JP-US) (HK-SI) (TW-TH) (AR-ME) (AR-CH)

Panel B: 1990–2001

Avg Max Min Range Avg Max Min Range Avg Max Min Range

Pearson’s ρ 0.487 0.762 0.281 0.480 0.379 0.577 0.237 0.340 0.416 0.493 0.359 0.134

(FR-DE) (JP-US) (HK-SI) (KR-TW) (BR-ME) (AR-BR)

Rank Corr 0.471 0.709 0.267 0.442 0.322 0.511 0.176 0.335 0.366 0.480 0.307 0.173

(FR-DE) (JP-US) (HK-SI) (KR-TW) (AR-ME) (BR-CH)

Panel C: 2001–2006

Avg Max Min Range Avg Max Min Range Avg Max Min Range

Pearson’s ρ 0.637 0.901 0.355 0.545 0.511 0.639 0.353 0.286 0.423 0.561 0.310 0.251

(FR-DE) (JP-US) (HK-SI) (HK-TH) (BR-ME) (AR-CH)

Rank Corr 0.624 0.887 0.389 0.499 0.512 0.641 0.376 0.265 0.405 0.520 0.266 0.254

(FR-DE) (JP-US) (HK-SI) (TW-TH) (BR-ME) (AR-CH)

Rank Corr denotes the rank correlation ρS , defined in Section 2.1. G5 countries are France (FR), Germany (DE), Japan (JP), United Kingdom 
(UK) and United States (US). East Asian countries are Hong Kong (HK), Taiwan (TW), Thailand (TH), Malaysia (M) and Singapore (SI). Latin 
American countries are Argentina (AR), Brazil (BR), Chile (CH) and Mexico (ME). Although the maximum (Max) and minimum (Min) correlations 
are presented for completeness, we focus our comments on the Range and Average (Avg) of the data presented above, when we discuss the 
results in the text.

Table 2: Country correlations



64 NORGES BANK ECONOMIC BULLETIN 2/2008

3.2 Copula estimates 
We now continue our discussion with a presentation of 
estimates from our empirical copula methodology.14 We 
consider four copulas, namely the normal, student-t, 
Gumbel, and Rotated Gumbel.15 The diagnostic methods 
we consider are AIC, BIC, and a mixture model.16 The 
copulas are estimated by maximum likelihood. 

3.2.1 Model selection 
Table 3 presents goodness of fit tests from AIC and BIC. We 
will first discuss the AIC results. For the G5 countries, the 
best model (lowest AIC) is the mixed copula, which has an 
average AIC of –318.18 across countries, closely followed 
by the student-t. This is evidence of heavy joint tails. For 
the East Asian economies, the lowest AIC of –139.43 cor-
responds to the Rotated Gumbel, followed by the student-t. 
Finally, for the Latin American countries, the lowest AIC 
of –183.97 is for the Rotated Gumbel model, followed by 
the mixed copula. Turning to the BIC results for the G5 
countries, the best model on average is the Rotated Gumbel, 
with an average BIC of –307.64, closely followed by the 
student-t copula. Similarly, for both the East Asian and Latin 
American countries, the best model on average is also the 
Rotated Gumbel, closely followed by the student-t. 

Single copulas are restrictive in that they assume a sin-
gle dependence structure. In order to address this restric-
tion, we examine more closely the mixed copula, which 
has normal, Gumbel and Rotated Gumbel components. 
The results are presented in Table 4.17 Since the weights 
on each copula in the mixture reflect the proportion of 
the data consistent with that copula shape, a large weight 
on the Gumbel suggests large upside comovement 
(systemic booms) while a large weight on the Rotated 
Gumbel copula suggests large downside comovement. 
First, consider the G5 estimates. The largest average 
weight of 0.517 is on the Rotated Gumbel copula, and 
the smallest weight of 0.097 is on the Gumbel copula. 
This suggests that there are generally heavy tails in the 
G5, and that these tails are highly asymmetric, with sub-
stantial downside dependence. Now we consider results 
for the East Asian models. In this case, the weights 
are closer than for the G5. The largest average weight 

of 0.471 is on the normal copula, suggesting that rela-
tively skinny joint tails are common for these countries. 
Finally, we consider results for the Latin American 
countries. For this region, the Rotated Gumbel copula is 
again dominant, with an average weight of 0.787.

To summarize the mixed copula results, there is evi-
dence of asymmetric heavy tails (downside risk) in all 

14 Copulas deliver information on the entire portfolio distribution. However, for clarity of comparison, we focus only on the copula dependence parameters, 
which reflect potentially nonlinear comovement, or in financial terms, nonlinear diversification benefits. 
15 There are many other copulas available. However, we choose these copulas because they have all been used in a number of recent finance studies, and 
because they represent four important “portfolio shapes” for finance, namely symmetric skinny tails, symmetric heavy tails, heavy upper tail, and heavy lower 
tail respectively. 
16 The AIC and BIC are not formal statistical tests, although it is customary to use them as they give a rough sense of goodness of fit. Since they are employed 
in this literature by many researchers, such as Dias and Embrechts (2004) and Frees and Valdez (1997), we include them. Further tests are described in Chollete, 
de la Pena, and Lu (2006). 
17 The mixed copula is also useful since the weights can provide information on another aspect of diversification, namely downside risk. The mixed copula 
is estimated by iterative maximum likelihood, as is standard in mixture model research. For details on mixture model estimation, see McLachlan and Peel 
(2000). 

Panel A: G5 
Models AIC BIC

Gumbel –269.17 –264.44

Rotated Gumbel –312.37 –307.64

Normal –302.82 –298.10

Student-t –316.20 –306.75

Mixed Copula –318.18 –294.57

Panel B: East Asia 
Models AIC BIC

Gumbel –111.25 –106.53

Rotated Gumbel –139.43 –134.71

Normal –132.38 –127.66

Student-t –138.47 –129.02

Mixed Copula –138.98 –115.36

Panel C: Latin America 
Models Average AIC Average BIC

Gumbel –121.23 –116.51

Rotated Gumbel –183.97 –179.25

Normal –153.02 –148.30

Student-t –167.56 –158.12

Mixed Copula –179.22 –155.61

The terms AIC and BIC denote the Akaike and and Bayesian Infor-
mation Criteria, as defined in Section 2.3 of the text. The numbers 
presented are averages for each region.

Table 3: Basic goodness of fit for copulas

Weights G5 East Asia Latin America 
WGumbel 0.097 0.145 0.099

(0.085) (0.102) (0.084)

WRotated Gumbel 0.517 0.384 0.787

(0.170) (0.147) (0.160)

WNormal 0.386 0.471 0.114

(0.177) (0.196) (0.161)

The terms AIC and BIC denote the Akaike and and Bayesian 
Information C riteria, as defined in Section 2.3 of the text. The 
numbers presented are averages for each region.

Table 4: Mixed copula estimates
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the countries, particularly in the G5 and Latin American 
regions. These latter two regions are also the ones with 
increased diversification ranges, according to our cor-
relation estimates from before. The greatest downside 
risk is in Latin America, which has nearly 80 % of the 
average weight on the Rotated Gumbel.18 

4 Further implications for finance 
4.1 Relationship between returns and diversi-
fication 

What do our empirical findings above imply for global 
returns? As we discussed in Section 2, a central tenet of 
finance is that investors require higher returns for lower 
diversification (see Equation (1)). It is therefore natural 
to explore which of our diversification measures is most 
closely related to returns over our sample period. Table 
5 presents information on the relationship between aver-
age returns and average diversification measures in each 
region. We are particularly interested in patterns in the β, 
corresponding to equation 1. For a simple comparison, 
each variable is ranked from low (L) to high (H). Panel 
A shows the results for the full sample. The ranking of 

returns from lowest to highest is East Asia, then G5, 
then Latin America. Even though the Latin American 
region has more than double the returns of the others, 
its world market β is not the largest. This indicates that 
a world CAPM will not tell the full story. The only 
diversification measure that has the same relation across 
the regions is the left χ  , which measures downside risk 
in extreme periods.19 Panel B shows the first half of the 
sample, which has the same pattern. Panel C shows the 
second half, where none of the diversification measures 
has the same pattern as returns, although χ  still has its 
highest rankings for the region with highest returns. 

To summarise, the only diversification measure for 
which there is a monotonic relation to returns, is left 
extreme comovement. This monotonic relation exists 
for our sample as a whole, and for the bigger part of our 
sample, although not for the shorter, more recent sample. 
Left comovement is also the only measure that is always 
largest for the region with the largest returns. This is 
true even when the world beta goes in the opposite 
direction. In economic terms, this finding is plausible 
if investors are averse to (and therefore demand returns 
for) exposure to downside risk during extreme periods. 

18 These results are all in-sample, and may not hold out of sample. In order to assess such predictive power, we would have to use conditional copulas, as in 
Patton (2005). 
19 For more detailed definitions of downside comovement, see Chollete, de la Pena, and Lu (2006). 

The table presents average returns and average comovement for different regions. The world beta is computed on filtered returns. L, M and 

H denote the lowest, middle and highest returns or comovement, compared across regions. ρcopula denotes the comovement parameter esti-

mated for the student t copula. χ and χ   denote extreme comovement, as defined in Section 2. For example, Left χ and Left χ   are measures 

of extreme comovement in the left tail, while Right χ and Right χ   are measures of extreme comovement in the right tail. The main distinction 

that we focus on in the text is that these are all different measures of comovement or diversification: ρ is the familiar correlation; ρcopula is a 

copula based measure of comovement, and χ and χ   are extreme based measures of comovement. For each of these measures we discuss 

(in the text) whether their lowest (L) and highest (H) values correspond to the lowest and highest returns. Whenever this happens, it sug-

gests a possible risk-return relationship, which is the basis for our discussion of this table in the text. 

Table 5: Regional returns and diversification measures

Panel A: Full sample 

Return World beta ρ ρcopula Left χ Left χ Right χ Right χ

East Asia  2.68 (L) 0.416 (L) 0.406 (L) 0.385 (L)   0.461 (M) 0.671 (L) 0.510 (H)

G5    5.35 (M) 0.739 (H) 0.545 (H)  0.525 (H)  0.515 (H)   0.750 (M) 0.547  0.499 (M)

Latin 13.24 (H)  0.426 (M)  0.414 (M)  0.414 (M) 0.441 (L)  0.834 (H) 0.478 (L)

Panel B: 1990–2001 

Return World beta ρ ρcopula Left χ Left χ Right χ Right χ

East Asia –1.00 (L) 0.358 (L) 0.379 (L) 0.324 (L)   0.454 (M) 0.652 (L) 0.432 0.517 (H)

G5    6.31 (M)  0.701 (H)  0.487 (H)  0.469 (H)  0.504 (H)   0.709 (M) 0.443 (L)

Latin 13.15 (H)   0.370 (M)  0.416 (M)   0.398 (M) 0.443 (L)  0.812 (H)  0.499 (M)

Panel C: 2001–2006 

Return World beta ρ ρcopula Left χ Left χ Right χ Right χ 

East Asia  10.19 (M) 0.537 (L)  0.511 (M)   0.530 (M)   0.467 (M) 0.742 (L)   0.448 (M)  0.568 (M)

G5   3.38 (L)  0.812 (H)  0.637 (H)  0.641 (H)  0.535 (H)  0.768 (M)  0.556 (H) 0.606 (H)

Latin 13.43 (H)   0.544 (M) 0.423 (L) 0.447 (L) 0.443 (L)  0.862 (H) 0.412 (L) 0.456 (L)
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Therefore, if we believe in a simple international CAPM 
model where returns depend on the world market beta, 
as in Equation (1), we might consider augmenting the 
model to account for a risk factor related to extreme 
comovement. In economic terms, this reflects joint 
downside risk (Karni, 1979), and differs from previous 
studies that focus on univariate downside risk. Our find-
ings, while suggestive and related to theoretical work on 
loss aversion, are evidently preliminary and may merit 
further study in a conditional setting with a wider group 
of countries. 

 4.2 Implications for international portfolio 
choice 

While the diversification range indicates available diver-
sification opportunities, it is useful to work with explicit 
financial models of asset allocation, which quantify the 
attractiveness of various risk-reward combinations to 
investors, and therefore allow us to compute portfolio 
weights. A simple model is the mean-variance frame-
work.20 In this setting, investors like high returns but dis-
like high volatilities. This framework is used by Pastor 
(2000) and Lewis (1999), in the context of international 
portfolio choice. The utility function of an investor with 
wealth W

1
 is given by: 

(7) 

where the partial derivatives of the first and second argu-
ments satisfy U1 > 0, and U2 < 0, respectively. Define the 
home and foreign portfolio weights as ω

h
 and ω

f
 , and let 

ω ≡ (ω
h
,ω

f
)′, with ω

h
 + ω
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  = 1. Then if the return vector 

is defined as r ≡ (rh, rf)′, the mean and variance of wealth 
can be written as: EW
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W
0
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0
2ω′Var(r)ω, where W

0
 is the investor’s 

initial wealth. When utility is maximized subject to a 
wealth constraint, the first order conditions give optimal 
foreign portfolio shares as 

(8) 

where γ is the coefficient of relative risk aversion, σ2
h
  

is the variance of the home asset returns, and ρ
hf
 is the 

traditional Pearson correlation of the home and for-
eign returns. We will now use our various estimates of 
comovement in Equation (8), to compute optimal port-
folio weights. 

A useful illustration of the potential contribution of 
copulas and extreme value techniques is in the context 
of the simple portfolio choice problem presented above. 
In particular, we consider the optimal portfolio choice of 
a mean-variance US investor who can choose between 
investing at home and abroad. The investor can invest in 
the US and in an index of the major non-North American 
countries, EAFE.21 The investor is allowed to go short 
on each asset. In similar fashion to Lewis (1999), we 
calculate the optimal portfolio weights from Equation 
(8), using the average regional ρ as an estimate of the 
Pearson correlation ρ

hf
. In addition, we calculate the 

weights with two alternative measures of diversifica-
tion, the t copula’s correlation and extreme comovement. 
Given the different nature of the various diversification 
measures, and the fact that the mean-variance paradigm 
is established mainly for the traditional correlation, we 
merely wish to determine whether there is a qualitative 
difference in optimal choice during the 1990s and after, 
that might reflect the shifts in diversification scope docu-
mented above.22 In sum, we are making a rough qualitative 
assessment of an investor’s optimal choice, if she follows 
the signal from each of our diversification measures. 

The results are in Table 6. During the 1990s the US 
dominated many foreign portfolios. Therefore, we should 
expect a negative home bias, at least for the first part of 
the sample.23 Panel A shows the full sample results. 
Let us focus on the first column, which gives weights 
based on the familiar correlation. The most important 
finding is that the maximal portfolio weight outside of 
Latin America, is always less than 40 %, regardless of 
the value of the risk aversion. This is in stark contrast 
with Lewis (1999), who finds the minimum weight to be  
43.1 %, in a sample from 1970 to 1996. Therefore, 
according to all the diversification measures, there is a 
sort of reverse home bias in East Asia and the EAFE. 
Further, there is substantial heterogeneity. In particu-
lar, for the G5 and East Asia, a US investor actually 

20 We use mean-variance because it provides a well understood benchmark. There are many other possibilities, such as CARA-normal and CRRA-lognormal 
settings, and the safety-first approach of Roy (1952). However, the first two approaches restrict the distribution of returns, and the latter approach does not read-
ily yield closed form solutions. Moreover, mean-variance is often used in international portfolio choice research. We therefore use the mean-variance approach 
for our admittedly preliminary illustrations. 
21 The acronym EAFE denotes Europe, Australia and the Far East. 
22 Related empirical work using CAPM-like settings with downside risk and other related risk measures include Berkelaar, Kouwenberg, and Post (2004) and 
Post and van Vliet (2004). 
23 Moreover, because the US returns dominated returns for other countries, the first term in equation (8) may be negative. This, coupled with low volatility, 
results in foreign portfolio weights that can increase with risk aversion, which occurs for many countries in the first sample, but never in the second sample.
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wishes to short sell foreign stocks, if risk aversion is low 
enough. By contrast, for Latin America and the EAFE, 
most foreign portfolio weights are positive. This pattern 
holds, in general, for all the diversification measures 
during the full sample. Now, in Panel B, let us examine 
the first half of the sample. The negative home bias 
is even more pronounced here, especially for the East 
Asian economies, where it is always optimal to go very 
short. Once again this is true for all of our diversification 
measures, and once again the investment in all regions 
falls short of the benchmark (Lewis, 1999) value of 43.1 
%. Finally, we examine the latter sample, in Panel C. In 
accordance with the reduced dominance of US returns 
after the 1990s, the foreign portfolio weights are very 
large and positive for all regions. Using the standard cor-
relation, the optimal foreign investment is always well in 
excess of 40 %: the minimal portfolio weight is 56.4 %, 
and the maximum is as high as 204.2 %. Interestingly, 
for low levels of risk aversion, the optimal foreign 
weight exceeds 100 %. This amounts to short selling 
the US index, just the opposite pattern from that of the 

1990s. This pattern is qualitatively the same using other 
diversification measures. 

To summarise, when we estimate optimal portfolio 
weights we find substantial heterogeneity over the sam-
ple period. For the 1990s US returns dominated many 
foreign markets (especially East Asia, and EAFE), and 
the home bias phenomenon was not relevant. A notable 
exception was the Latin American economies, where it 
was optimal to hold some stocks. By contrast, since the 
turn of the century, US returns are not so dominant, and 
it is once again optimal for a US investor to place in 
excess of 50 % of her wealth overseas. These patterns 
hold qualitatively when we use any of our diversification 
measures. In economic terms, our findings are reassur-
ing because they indicate that the large time variation in 
diversification benefits that we documented in Section 
3.1 may manifest itself in dramatic shifts of portfolio 
weights for an international investor. 

A final important aspect is that there is some disagree-
ment of the proposed investment strategy using various 
dependence measures. For example, in Table 6 Panel 

Panel A: Full sample 

Correlation-based weights Copula-based weights Extreme value-based weights

γ = 2 5 7 10 2 5 7 10 2 5 7 10

G5 – US –49.4 4.8 15.2 22.9 –45.9 6.4 16.4 23.9 –169.2 –49.6 –26.8 –9.7

East Asia –40.4 –4.3 2.6 7.8 –38.5 –3.1 3.7 8.7 –133.3 –60.0 –46.0 –35.5

Latin America 55.5 28.1 22.8 18.9 55.8 26.9 21.4 17.2 56.8 23.2 16.8 12.0

EAFE 1.5 29.7 35.0 39.0 2.3 30.0 35.3 39.2 –15.5 22.5 29.8 35.2

Panel B:1990–2001 

Correlation-based weights Copula-based weights Extreme value-based weights

γ = 2 5 7 10 2 5 7 10 2 5 7 10

G5 – US  –131.1 –25.7 –5.6 9.5 –132.6 –26.3 –6.0 9.2 –296.2 –94.6 –56.2 –27.4

East Asia –111.1 –35.8 –21.4 –10.6 –100.3 –30.0 –16.6 –6.6 –273.5 –122.2 –93.4 –71.8

Latin America 13.3 8.1 7.1 6.3 12.2 6.8 5.8 5.0 –3.8 –11.5 –13.0 –14.1

EAFE –56.2 5.7 17.5 26.4 –56.5 5.6 17.4 26.3 –95.4 –10.6 5.5 17.7

Panel C:2001–2006 

Correlation-based weights Copula-based weights Extreme value-based weights

γ = 2 5 7 10 2 5 7 10 2 5 7 10

G5 – US 157.4 81.6 67.2 56.4 154.4 80.7 66.7 56.2 872.4 292.2 181.7 98.8

East Asia 204.2 104.5 85.5 71.3 212.7 107.5 87.5 72.5 489.2 205.3 151.2 110.7

Latin American 195.6 94.1 74.8 60.3 217.9 100.9 78.6 61.9 275.8 118.4 88.4 66.0

EAFE 101.3 70.9 65.1 60.8 99.3 70.1 64.5 60.3 144.6 88.5 77.9 69.8

Table 6: Foreign portfolio weights for a US investor, using different diversification measures

Percent portfolio weights are calculated from (8), representing ρhf with average comovement measures in the region: correlation ρ, copula 
parameter ρcopula, and left comovement χ  . G5–US are G5 economies excluding the US. γ is the coefficient of relative risk aversion. The terms 
East Asia, Latin America and EAFE refer to stock indices from East Asia, Latin America, and a broad group of non-US countries, ’Europe, Aus-
tralia and Far East’, respectively. We use this table in the text by going from left to right for each set of portfolio weights. That is, we focus on 
what happens to the desired portfolio weight as we move from lowest risk aversion (γ = 2) to the highest (γ = 10). For example, if we want to 
compare portfolio weights for East Asia, for the full sample, Panel A, we would go from left to right under ”Correlation-based weights”, then 
do the same for ”Copula-based weights”, then for ”Extreme value-based weights”. This is the basis of our discussion in the text. 
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A, a US investor with risk aversion of 2 would hold 
1.5 % of her wealth in foreign stocks (EAFE) using the 
correlation based approach, but would actually go short 
–15.5 % using the extreme comovement approach. This 
disagreement, coupled with the inconsistency of Pearson 
and rank correlation estimates for Latin America in 
Section 3.1, suggest that it may be important to consider 
both traditional methods and extreme value methods in 
portfolio choice for investors. The above results can be 
seen as quantitative evidence on the possible financial 
relevance of copulas in risk management and asset allo-
cation.

5 Stability: A possible link between 
borrowing and extremes 

While a formal analysis is outside the scope of this 
paper, we provide a brief introduction to the empirical 
properties of extremes. Extreme events can be exog-
enous or endogenous. Exogenous events are effectively 
acts of nature, while endogenous extremes depend on 
the behaviour of economic agents. Why is this distinc-
tion relevant? Let us denote the likelihood of an extreme 

event in financial markets at period t as p
t
. If this 

variable is predictable by some economic quantity, then 
central banks can, in principle, ameliorate the effects of 
extremes ex ante, instead of ex post. 

In a recent paper, Chollete (2008) develops a simple 
setting where, due to externalities, excess borrowing 
can cause an inefficiently high likelihood of extremes. 
Building on this logic, we can consider a test to show 
whether borrowing can predict extreme probabilities. 
Specifically, Table 7 shows the results of estimating 
the effect of past borrowing on extreme probabilities. 
The extreme probabilities are calculated by computing 
the proportion of days in each month the Dow Jones 
Industrial Average exceeded k standard deviations from 
the previous year’s median, k = 1, 2, 3.24 We find that 
for 1- and 2-σ events, borrowing (REALLOAN) has 
a significant effect. Moreover, both liquidity and an 
interaction between liquidity and borrowing have sig-
nificant effects for 1-σ events. Similar findings arise for 
various reference periods, including 2, 5 and 10 years. 
Consequently, there is evidence that extremes are endog-
enous via the channel of borrowing. This result shares 
the same spirit as that of Borio (2007) and Goodhart 

Intercept1 Intercept2 REALLOAN DSENT1 SECPCT LIQ0 LIQ1 REALLOAN
*LIQ0 

REALLOAN
*LIQ 

Panel A: 1-σ events

Coefficient 5.3675 4.5980 –21.5218 0.1487 –2.3985 –5.7905 –1.5121 26.0566 9.5101

(0.0011) (0.0047) (0.0052) (0.2759) (0.6978) (0.0179) (0.4771) (0.0197) (0.3332)

Tests of Overall Fit (p-values): LR 0.0186 

Score 0.0175 

Wald 0.0409 

Panel B: 2-σ events 

Coefficient 8.6457 7.9444 –45.0513 –0.0339 –9.3293 –8.0929 –2.9394 39.1506 15.3235

(0.0112) (0.0195) (0.0091) (0.8263) (0.1551) (0.0443) (0.4729) (0.0472) (0.4558)

Tests of Overall Fit (p-values): LR 0.0011 

Score 0.0094 

Wald 0.0275 

Panel C: 3-σ events 

Coefficient 8.7419 7.6638 –57.7413 0.2965 –9.3413 –15.1531 –6.2688 68.5561 34.5645

(0.3130) (0.3765) (0.2006) (0.4033) (0.4732) (0.1723) (0.5143) (0.2016) (0.4852)

Tests of Overall Fit (p-values): LR 0.3148 

Score 0.4609 

Wald 0.5756 

 The table shows the results of logistic regression estimation, from January 1989 to December 2005. The dependent variable is the likelihood 
of extremes, pt(ω), ranked as Low (less than 0.33), Medium (between 0.33 and 0.67), and High (above 0.67). DSENT1 is the investor sen-
timent measure of Baker and Wurgler (2007). LIQ0 and LIQ1 correspond to low and medium levels of liquidity, SECPCT is the percentage 
change in securitized loans, REALLOAN is the ratio of real estate loans to other consumer loans. A chi square statistic is computed as the 
squared ratio of each parameter to its standard error, and the corresponding p-values are in parentheses.

Table 7: The effect of borrowing on extremes

24 For more details, see Chollete (2008)
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and Tsomocos (2007), suggesting new, micro-based 
policy approaches for central banks in search of optimal 
financial stability. These approaches would have fiscal 
elements, instead of the pure monetary methods which 
have been more popular over the last three decades. 

6 Conclusions 

Dependence is at the heart of modern financial eco-
nomics. We naturally encounter and try to understand 
dependence in modern economic life, whether we seek to 
price an asset, invest in a diversified portfolio, or assess 
spillover effects from one market to another. There has 
been a recent flurry of research seeking to understand 
dependence in economic settings. Such research cov-
ers econometrics (Patton (2005)) as well as finance and 
banking (Rosenberg and Schuermann (2006). Partly in 
response to this diversity of research, the current paper 
seeks to outline a few key, common ideas in the litera-
ture in a simple way, in a manner similar to Dorfman 
(1969). We illustrate these ideas in simple empirical settings, 
implementing both the relatively new techniques from copu-
las as well as traditional correlation-based methods. 

Our two most important findings are as follows. First, 
measures of comovement based on ranks may disagree 
from those based on traditional correlation, for example 
in Latin American markets. This disagreement is mir-
rored in the inconsistency of portfolio choices made by 
investors who decide based on correlation instead of 
properly considering extreme comovement, as shown at 
the end of Section 4.2. Second, and perhaps of special 
interest to central bankers, in the end of Section 5 we 
find that the likelihood of extreme events is related to 
individual´s previous real estate borrowing behaviour. 
This latter finding suggests that extremes may be endog-
enous and potentially amenable to regulatory policy 
analysis, since the propagation of extremes is related 
to observable data on borrowing. Such information is 
obviously  valuable during the current, turbulent inter-
national financial markets of 2008. 
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Transparency and central bank communication
Speech by Deputy Governor Jan F. Qvigstad at a seminar in Banca d’Italia, Rome, 4 November 2008*

It is now widely accepted that monetary policy works 
mainly through private agents’ expectations. The wide-
spread influence of the New Keynesian model in aca-
demic research on monetary policy and the trend towards 
using DSGE models in central banks have underpinned 
the focus on expectations. Michael Woodford puts it in 
a clear-cut way:1 “For not only do expectations about 
policy matter, […]but very little else matters”. The inter-
est rate set by central banks is normally a very short-
term interest rate, which in itself has negligible effects 
on economic decisions. It is mainly expectations about 
future policy rates that affect market interest rates and 
thus economic decisions.

Due to the increased attention on the expectations 
channel of monetary policy, central bank communica-
tion has been a key issue in the academic debate on mon-
etary policy. I will in this presentation first go through 
Norges Bank’s communication approach and discuss 
our experiences with being open about our future policy 
intentions. Then, I will discuss other aspects of transpar-
ency, including how transparency has been measured 
and how Norges Bank performs in terms of such meas-
ures. Finally, I will briefly touch upon another important 
aspect of monetary policy, namely how to make good 
collective decisions, and the role of the staff in the mon-
etary policy decision process.

Communicating future monetary  
policy intentions

Most central banks communicate future policy inten-
tions in one way or another. The majority of central 
banks communicate indirectly through forecasts based 
on technical interest rate assumptions, and by giving 
verbal signals about future interest rate decisions in pol-
icy statements and speeches. With such indirect commu-
nication, the market participants gain information about 
the sign of future interest rate decisions, but may have 

less information about the size. Until November 2005, 
Norges Bank used technical interest rate assumptions 
in the inflation forecasts, but also on some occasions 
commented on whether the Bank intended to follow 
a different policy than what seemed to be reflected in 
market interest rates. Thus, the Bank gave signals about 
the sign of future policy intentions relative to market 
expectations, but not on the size.2 From November 2005, 
Norges Bank started to use endogenous interest rate 
forecasts in the Monetary Policy Report. Norges Bank 
was the second central bank with endogenous interest 
rate assumptions, following the Reserve Bank of New 
Zealand, who introduced it in 1997. More recently, the 
Swedish Riksbank and the Czech National Bank have 
also started to publish interest rate forecasts.

Publishing endogenous interest rate paths raises a 
number of issues, and there is disagreement among both 
academics and central bankers on whether being that 
precise about future policy intentions is beneficial or 
not. The key issue in the debate is whether such com-
munication implies guidance or noise. Some of the argu-
ments for transparency relate to the beneficial effects 
when private agents understand the central bank’s reac-
tion function, such that market interest rates will adjust 
more appropriately to economic news.

Publishing the interest rate forecast may not be suf-
ficient to communicate the central bank’s reaction func-
tion, as one specific forecast does not in itself convey 
much information about how the central bank responds 
to various shocks. One could argue that three ingredients 
are required; 1) the forecasts, 2) how the central bank 
responds to shocks, and 3) the criteria underlying the 
forecasts and reaction function.

The first two ingredients provide efficiency in mon-
etary policy, in the sense that private agents knowing 
the central bank’s assessments and reaction function 
can respond appropriately to economic developments. 
The third ingredient contributes to a better understand-

* The speech builds on Holmsen, A., J.F. Qvigstad, Ø. Røisland, and K. Solberg-Johansen: “Communicating Monetary Policy Intentions: The Case of Norges 
Bank”, Norges Bank Working Paper 2008/20 and C. Claussen: “Comparing monetary Policy Transparency: The Eijffinger and Geraats Index – a Comment”, 
Norges Bank Staff Memo 2008/10. The speech is an extension of the speech “Trends in Monetary Policy Transparency – Comments to Petra M. Geraats’ paper” 
held at the Bank of Canada conference “International Experience with the Conduct of Monetary Policy under Inflation Targeting”.
1 Woodford, M. (2005), “Central-Bank Communication and Policy Effectiveness,” paper presented at FRB Kansas City Symposium on “The Greenspan Era: 
Lessons for the Future,” Jackson Hole, Wyoming, August 25–27, 2005.
2 Providing forecasts based on both a constant interest rate and market expectations give information not only about the sign but may also give some guidance 
about the range. See, for example, the following citation from the Bank of England’s Inflation Report of February 2008: “Under market interest rates, the 
central projection for inflation was a little above the target in the medium term, while under constant interest rates, it was below the target.” This suggests that 
the likely interest rate path lies somewhere between a constant rate and market expectations.

http://www.columbia.edu/~mw2230/JHole05.pdf
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ing of the objectives of monetary policy and the link 
between objectives and policy. This could underpin the 
credibility of the reaction pattern, and is also important 
for democratic accountability. In addition, the reaction 
function could change over time, for example due to a 
change in how the economy works or an improvement of 
the understanding of economic mechanisms. The criteria 
could then give some guidance to the public on how and 
why the reaction function might change.

Let me briefly explain how Norges Bank communi-
cates the three ingredients of our communication, and 
let me start with the forecasts. Charts 1a-d show the 
forecasts of the key variables. The uncertainty bands are 
based on model simulations and reflect estimated vari-
ances of the different shocks. (Note that there is also a fan 
chart for historical values of the output gap, since there 
is also uncertainty about potential output in retrospect.) 
Communicating uncertainty through fan charts in the 
inflation reports was introduced by the Bank of England 
in 1997. While the fan charts for inflation illustrate that 
inflation cannot be controlled perfectly by the central 
bank, this argument does not apply for the policy interest 
rate. The fan chart for the interest rate serves a different 
purpose: It illustrates that the interest rate path is not a 
promise, but a forecast which is uncertain. Moreover, it 
reflects the central bank’s adjustment of the interest rate 
as a response to new economic developments, which are 
subject to uncertainty. Our experience is that market par-
ticipants and the public understand that our forecast for 
the policy rate is indeed a forecast and not a promise.

Let me now turn to the second ingredient; how 
Norges Bank responds to new developments (“shocks”). 
Monetary policy becomes more effective if market 
participants can react adequately to economic news. In 
order to convey a broader reaction pattern, Norges Bank 
indicates how the Bank would react should certain dis-
turbances occur. However, since no central bank follows 

a specific reaction function mechanically, it would be 
misleading to present a single reaction function speci-
fied mathematically. Judgement is always applied when 
responding to shocks, and a specific reaction function 

Chart 1a Projected key policy rate in the baseline scenario 
with fan chart, from MPR 2/08. Per cent. 2006 Q1– 2011 Q4
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Chart 1c Projected CPI in the baseline scenario with fan 
chart, from MPR 2/08. 4-quarter change. Per cent. 2006 Q1 –
2011 Q4
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Chart 1b Estimated output gap in the baseline scenario 
with fan chart, from MPR 2/08. Per cent. 2006 Q1 – 2011 Q4
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Chart 1d Projected CPIXE1) in the baseline scenario with fan 
chart, from MPR 2/08. 4-quarter change. Per cent. 2006 Q1 –
2011 Q4
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1) CPIXE: CPI adjusted for tax changes and excluding
temporary changes in energy prices. See Staff Memo 
2008/7 from Norges Bank for a description of the CPIXE

Sources: Statistics Norway and Norges Bank



73 NORGES BANK ECONOMIC BULLETIN 2/2008

will give a very simplified representation of the reac-
tion pattern. There is thus a trade-off between mislead-
ing precision and uninformative generality. Norges 
Bank tries to balance this trade-off by applying various 
approaches to communicating the reaction pattern.

First, the Bank presents alternative scenarios in the 
Monetary Policy Report. Charts 2a-c illustrate the 
interest rate response to a positive and negative shock 
to inflation respectively. The exact specification of the 
shocks in the illustrations can differ somewhat from one 
Report to another, but the shifts in the interest rate, and 
the corresponding scenarios for inflation and the output 
gap give an indication of how the Bank responds. The 
shifts are specified such that, if shocks of the same type 
and size should occur, the alternative interest rate path is 
the Bank’s best estimate of how the interest rate would 
be set in such a situation.

In addition to presenting policy reactions to new 
developments, the Monetary Policy Report includes an 
account of the disturbances that have lead to a change 
in the interest rate forecast from the previous Report. 

For example, we see from Chart 3 that our interest rate 
forecast was revised upwards in Monetary Policy Report 
2/08 published in June. The shocks contributing to this 
revision are illustrated in Chart 4. The black line is the 
difference between the current interest rate path and the 
path in the previous Report.

Chart 2a Key policy rate in the baseline scenario and the 
alternative scenarios with a higher and lower demand, from 
MPR 2/08. Per cent. 2006 Q1 – 2011 Q4
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Chart 2c CPIXE1) in the baseline scenario and the alternative 
scenarios with a higher and lower demand, from MPR 2/08.
Per cent. 2006 Q1 – 2011 Q4
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changes in energy prices.  See Staff Memo 2008/7 from 
Norges Bank for a description of the CPIXE.
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Chart 2b The output gap in the baseline scenario and the 
alternative scenarios with a higher and lower demand, from 
MPR 2/08. Per cent. 2006 Q1 – 2011 Q4
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Chart 3 Key policy rate in the baseline scenario in MPR 1/08 
and MPR 2/08. Per cent. 2006 Q1 – 2011 Q4
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Chart 4 Delta accounting of the interest rate path. Factors 
behind changes in the interest rate path from MPR 1/08 to 
MPR 2/08. Percentage points. 2008 Q3 – 2011 Q4
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3 For example, the Swedish Riksbank communicates the criteria behind the forecasts as follows: “The Riksbank’s forecasts are based on the assumption that 
the repo rate will develop in such a way that monetary policy can be regarded as well-balanced. In the normal case, a well-balanced monetary policy means 
that inflation is close to the inflation target two years ahead without there being excessive fluctuations in inflation and the real economy.” (See p.2 in the 
Riksbank’s Monetary Policy Report).

The “interest rate account” is a technical model-based 
illustration of how the change in the interest rate forecast 
from the previous Report can be decomposed by dif-
ferent exogenous shocks to the model. The illustration 
shows how changes in the assessment of international 
and domestic economic variables as well as changes 
in shock processes have affected the interest rate path, 
and is based on our core forecasting model. Since the 
“interest rate account” follows from a specific model, 
the exact decomposition is model-dependent and should 
thus be interpreted as a model-based illustration rather 
than a precise description of the Executive Board’s 
reaction pattern. Notwithstanding this reservation, the 
“interest rate account” serves several purposes. First, it 
gives information about the reaction function. Second, 
it provides a compact summary of the Monetary Policy 
Report. Third, it is a tool of communicating commit-
ment. Norges Bank aims at influencing expectations in 
order to stabilize inflation. In this respect, our policy 
has elements of commitment. The interest rate forecast 
should reflect economic news and not re-optimisation 
of monetary policy. With an “interest rate account”, the 
public is better able to check whether the central bank 
honours past commitments. Fourth, the “interest rate 
account” puts discipline to our judgement. It forces us  
to think carefully about the reasons for changing the 
interest rate path.

Let me turn to the criteria underlying the interest rate 
forecast and reaction function. Among the few central 
banks that publish interest rate forecasts, it is common 
to communicate these in quite general terms.3 When for-
mulating the criteria, there is a trade-off between being 
too general, which does not provide very much informa-
tion, and being too specific, which might overly restrict 
policymakers’ room for manoeuvre and be less robust to 
changes in the economic landscape. The Bank has devel-
oped a set of criteria for an appropriate interest rate path. 
The criteria serve both the purpose of communicating 
the reasoning behind the interest rate path to the public 
and of providing an agenda for the Board discussion, 
which makes it easier to decide on a particular path.

The criteria used by Norges Bank to assess the inter-
est rate reflect policymakers’ general views and assess-
ments. They are therefore not “carved in stone”, but can 
be changed and modified due to new insights. Currently, 
the Bank uses five criteria, which can be summarized as 
follows:

1. Achievement of the inflation target
The interest rate should be set with a view to stabilis-
ing inflation close to the target in the medium term. 
The horizon will depend on disturbances to which the 
economy is exposed and the effects on the prospects for 
the path for inflation and the real economy.

2. Reasonable balance between the inflation gap and the 
output gap
Norges Bank conducts flexible inflation targeting, which 
implies that stabilising inflation around the target should 
be weighted against stability in the real economy. The 
chosen interest rate path should therefore imply a rea-
sonable balance between the objectives if there is a 
conflict in the short term between stabilizing inflation 
around the target and stabilizing the real economy. What 
is meant by a “reasonable” balance is obviously a mat-
ter of judgment and is an important element in Board 
discussions.

In the assessment, potential effects of asset prices, such 
as property prices, equity prices and the krone exchange 
rate on the prospects for output, employment and infla-
tion are also taken into account. Assuming the criteria 
above have been satisfied, the following additional cri-
teria are useful:

3. Robustness
Interest rate developments should result in acceptable 
developments in inflation and output also under alterna-
tive, albeit not unrealistic, assumptions concerning the 
economic situation and the functioning of the economy.

4. Gradualism and consistency
Interest rate adjustments should normally be gradual and 
consistent with the Bank’s previous response pattern.

5. Cross-checking 
It is important to cross-check the Board’s judgments 
concerning the interest rate path against other informa-
tion. One natural cross-check is market expectations 
about the future interest rate, as represented by implied 
forward interest rates (adjusted for risk and term premia). 
In addition, simple interest rate rules like the Taylor rule 
and other variants suggested in the literature provide 
potentially useful cross-checks.
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4 Geraats, P.M., 2002. Central bank transparency, Economic Journal 112 (483), F532–F565.
5 Eijffinger, Sylvester and Petra Geraats (2006) “How Transparent Are Central Banks?” European Journal of Political Economy 22(1), March, pp. 1–21.
6 Dincer, N. Nergiz and Barry Eichengreen (2007) “Central Bank Transparency: Where, Why, and with What Effects?,” NBER Working Papers 13003, National 
Bureau of Economic Research.

Experiences

What are our experiences of our communication 
approach? The ultimate objective of our communication 
is to achieve better outcomes in terms of improved sta-
bility in inflation and the real economy. However, with 
less than three years of being fully transparent about our 
future policy intentions, it is too early to draw a conclu-
sion regarding macroeconomic stability.

An intermediate objective of communication is to 
provide a better understanding of the Bank’s reaction 
pattern. One test of this to consider the volatility of 
market interest rates on the day Norges Bank decides 
the interest rate. If the new communication approach has 
been successful, one should expect that the interest rate 
decisions are more predictable.

Chart 5 shows the magnitude of market rate changes 
on the day the interest rate is decided. We see that vola-
tility in market interest rates has on average been smaller 
after we started publishing our interest rate forecasts. 
Although one cannot exclude the possibility that the 
reduction in volatility is caused by other factors than 
policy communication, it seems that our reaction pattern 
has become somewhat better understood.

One internal effect of publishing interest rate forecasts 
is that it provides discipline in the internal decision pro-
cess and good incentives for the staff. I have observed 
how transparency has changed the motivation and dis-
cipline of the economists within Norges Bank. By pub-
lishing our own interest rate forecast, each sector expert 
will see how his or her judgment might affect policy. 
Moreover, by following the principle that what is com-
municated externally should reflect the internal decision 
process, we need to think extra hard about what we do 
internally. Transparency makes the public better capable 
of evaluating the central bank’s analyses and policy 
assessments. If these are not of sufficient quality, we 
will be criticised. Public scrutiny disciplines the internal 
process and, I believe, results in better monetary policy.

Measuring transparency

Even if I have focused on certain dimensions of trans-
parency, such as openness about our intentions for future 
interest rate decisions, transparency has many other 
dimensions. Petra Geraats4 distinguishes between five 
dimensions of transparency:

1. Political transparency refers to openness about policy 
objectives

2. Economic transparency focuses on the economic 
information that is used for monetary policy

3. Procedural transparency is about the way monetary 
policy decisions are taken

4. Policy transparency refers to the announcement and 
explanation of policy decisions

5. Operational transparency concerns the implementa-
tion of the central bank’s policy actions

Due to the many dimensions of transparency, it is 
not possible to talk about transparency as if it were a 
one-dimensional concept. One could claim that some 
central banks are more transparent than others in some 
particular dimensions, but it is difficult – if not impossi-
ble – to measure overall transparency by a single metric 
in a precise and non-controversial way. However, for 
some research purposes, for example for cross-country 
comparisons and for analysing historical developments, 
it is useful to try to measure overall transparency by a 
single metric. Sylvester Eijffinger and Petra Geraats5 
have constructed an index that combines the above five 
dimensions of transparency into a single metric, and they 
used it for comparing transparency for nine of the major 
central banks. Negriz Dincer and Barry Eichengreen6 
have extended this work and applied Eijffinger and 
Geraats’ index to 100 countries. Measured by this index, 
they found that in 2005 the three most transparent cen-
tral banks were the Reserve Bank of New Zealand, the 
Riksbank and the Bank of England. Norges Bank was 

Chart 5 Surprise effects in 12-month rate after policy 
announcements

Source: Norges Bank
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7 I thank Negriz Dincer and Barry Eichengreen for providing the sub-indexes for Norway, which were not reported in their paper.
8 Blinder. A.S., and C. Wyplosz (2004), “Central bank talk: committee structure and communication policy”. Paper presented at the 2005 meetings of the 
American Economic Association (2004).
9 Blinder, A.S. (2007), “Monetary policy by committee: Why and how?” European Journal of Political Economy 23, p.106–123.

ranked as number 15. The reason why Norges Bank was 
ranked number 15 and not among the most transparent 
central banks is, according to Dincer and Eichengreen, 
the following:7

1. Norges Bank’s monetary policy models were not 
public,

2. the Bank does not publish quarterly economic fore-
casts, and

3. we do not publish minutes and voting records from 
the monetary policy meetings of the Executive 
Board.

As regards the publication of models, Dincer and 
Eichengreen’s claim is not correct, as we do publish our 
models (and we did so also in 2005). The lesson I have 
drawn from this is that central banks should have well 
designed webpages so that all relevant information is 
easy to find.

Regarding the second reason – that we do not pro-
vide forecasts on a quarterly basis – I think this point is 
overemphasized. We used to publish Monetary Policy 
Reports (then called Inflation Reports) four times a year 
until 2001. We experienced, however, that having a fore-
casting round every quarter leaves very little time for the 
staff to digest new information and conduct thorough 
analyses before the next Report had to be written. This 
is why we started publishing three Reports a year instead 
of four. The Riksbank has come to the same conclusion 
and reduced the number of reports from four to three per 
year in 2006. I do not regret that Norges Bank made this 
move, and if I have to choose between good analyses 
and a high score on the Eijffinger-Geraats index, I know 
what I will choose.

The third reason why we lost points on the Eijffinger-
Geraats index is that we do not publish minutes and 
voting records. It is true that we do not publish voting 
records. This is because we have a collegial, and not 
individualistic, monetary policy committee, where the 
members of the Executive Boards stand unified behind 
the decision. In this respect, our committee can be com-
pared to the Governing Council of the ECB. Our exter-
nal members are part-time members, and are employed 
in posts outside the Bank while serving as Board mem-
bers. If we were to publish voting records, the members 
would have to be individually accountable for their 
votes and assessments. This would place a workload on 

the external members that would not be consistent with 
being part-timers.

The Eijffinger-Geraats index does not take into account 
how different types of committees can communicate. 
Alan Blinder and Charles Wyplosz emphasize that 
“the appropriate volume and methods of central bank 
communication depend crucially on the nature of the 
monetary policy committee.”8 To get the highest score 
on the Eijffinger-Geraats index, one needs to have an 
individualistic committee. However, one should not for-
get that the rationale for being transparent is to provide 
relevant information to the public. Communication is 
about providing the information as clearly as possible. 
To my knowledge, the research on committees and com-
munication does not show that communication is neces-
sarily better with individualistic committees than with 
collegial committees. Even if individualistic committees 
can go further in publishing the individual views of the 
members than collegial committees, it entails a certain 
risk. To quote Alan Blinde:9 “A central bank that speaks 
with a cacophony of voices may, in effect, have no voice 
at all.”

Although Norges Bank does not publish voting records 
or minutes that report the views of the individual mem-
bers, we publish the Executive Board’s monetary policy 
statement. The statement provides an account of the 
main aspects of economic developments that have had 
a bearing on the interest rate decision and the Board’s 
assessments. If you compare the Board’s policy state-
ment with, for example, the minutes from the MPC 
meetings at the Bank of England, you will see that our 
statement is remarkably similar to the first part of the 
MPC’s minutes. In addition to the monetary policy 
statement, a press conference is held the same day. At 
the press conferences, which are webcast on Norges 
Bank’s website, the governor or I explain in more detail 
the reasons behind the Board’s decision. Together, the 
policy statement and the press conference provide quite 
thorough information about the assessments behind the 
interest rate decisions.

Some might object that the policy statement can hardly 
give much information about the deliberations during 
the Board meeting, since it is published only a few hours 
after the meeting and thus has to be prepared in advance. 
However, when preparing the statement, the staff aims 
at following the bureaucratic principle that all relevant 
aspects should be considered. In the final statement, 
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10 Duisenberg, Wim (2001): “Letter of Dr. W. F. Duisenberg, President of the ECB to the Chairperson of the Committee on Economic and Monetary Affairs”, 
www.ecb.int.

which is written after the meeting, the various aspects 
are weighed according to the importance attached to 
them by the Board members. Moreover, the Board has 
meetings with the staff in the period before the Monetary 
Policy Report is published. At these meetings, the main 
issues of relevance for the next rate decision are dis-
cussed, and these discussions are reflected in the state-
ments. That said, I recognise that it would be possible to 
give an even more thorough statement with more details 
from the deliberations without jeopardizing the ano-
nymity of the members. That would, however, require 
a longer delay before the statement, or minutes, is pub-
lished. Our communication strategy evolves over time, 
and how to give the best possible information about the 
Board’s assessments is an issue which is on our agenda.

There are other approaches to measuring transparency 
than the one proposed by Eijffinger and Geraats. The 
IMF has used a somewhat different approach in their 
courses in monetary policy for the IMF staff. They talk 
about a “natural order” of transparency, starting from 
being explicit about the general goal(s) of monetary 
policy to being open about specific aspects of the policy-
makers’ assessments. The “natural order”, which is rep-
resented in Table 1, could be interpreted as a roadmap 
for how central banks could develop their communica-
tion over time. The more transparent the central bank is, 
the further it is in the “natural order”.

Table 1 Natural order of transparency
Countries1)

Mandate – price stability ca. 40

Numerical inflation objective 22

General strategy that guides central bank decisions *

Reasons for decisions 35

Assessment of inflationary pressures 27

Current economic conditions, output gap 27

Outlook for future growth of output relative to sup-
ply and inflation 

27

Principal risks around outlook and balance of risks 13

Intentions for future policy interest rates 5

1) Our own estimates based on BIS list of central banks
* General lack of transparency or hard to obtain information regard-
ing loss functions etc.
Sources: IMF, BIS, central bank websites and Norges Bank

Based on the information on the central banks’ web-
sites, we have placed the various countries on the BIS list 
of central banks into the IMF’s “natural order”. We see 
that as we move further down on the list, fewer countries 

satisfy the criteria. Based on this approach, Norges Bank 
is among the five most transparent central banks, as we 
satisfy every criterion on the “natural order”. The point 
I will make by showing this is not to win transparency 
competitions, but to illustrate that transparency has many 
dimensions, and there is no unique way to measure it.

As a general guideline, Norges Bank applies Wim 
Duisenberg’s definition of transparency: The external 
communication reflects the internal deliberations.10 
When assessing whether we should publish a given 
piece of information, we do not ask ourselves if there 
are any good reasons for publishing it. Instead, we ask 
ourselves if we have any good reasons for not publish-
ing it. Usually, we find no convincing arguments for 
not publishing what we find useful in the internal delib-
erations. An argument often heard against publishing 
certain information is that the public might misinterpret 
it or put excessive weight on it. However, the danger of 
misleading the public by providing additional informa-
tion could also be seen as an advantage: It forces us to be 
clear and pedagogic in our communication.

Transparency is, however, not just a means to improve 
the effectiveness of monetary policy and discipline in 
the internal decision process. We should not forget that 
transparency is important for democratic accountability. 
Central banks have gained considerable independence 
during the last 20 years, and central bank independence 
is probably an important commitment mechanism for 
securing price stability. But the independence is not 
unlimited, as central banks are ultimately accountable to 
the political authorities. One could see transparency as 
an obligation that follows from gaining independence. 
Independence requires accountability, and accountabil-
ity requires transparency. Transparency is also important 
for preserving the political acceptance for central bank 
independence.

Finally, let me draw attention to another important 
issue, namely how to make good collective decisions. 
Monetary policy decisions are group decisions for 
two reasons. First, the interest rate decisions are usu-
ally taken by a monetary policy committee. Second, 
the inputs for the decisions are produced by the central 
bank staff. There has been a significant increase in the 
research on monetary policy committees during the last 
years, but the role of the staff in the decision-making 
process has received remarkably little attention in the 
literature. At Norges Bank, the staff members have two 
roles; producer (of analyses, forecasts, research, etc) and 
adviser. Each economist at Norges Bank has to give his 

http://www.ecb.int/home/html/index.en.html
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or her interest rate advice before the interest rate meet-
ings, and we have a system of aggregating the advice up 
to the governor and myself. Since most central banks 
have a large pool of highly skilled staff members, it is 
important to utilise this potential. What is the best way 
to aggregate the judgements of the staff members? How 
should we ensure the integrity of the advisers and avoid 
groupthink? I welcome more research on these and other 
issues related to the role of the staff.

Good decisions require qualified people, an appro-
priate incentive structure, and a good decision-making 
process. In addition, good decisions become more effec-
tive if they are communicated well. Transparency gener-
ally improves both the quality of communication and 
the decision-making process. My ambitious goal is that 
Norges Bank shall be at the forefront in terms of com-
munication and decision-making processes.




