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Foreword

Financial management has gained importance in recent years in step
with the integration of the financial markets and the increasing
complexity of the financial instruments.

Financial management at Danmarks Nationalbank has likewise
undergone major changes, and the principles and methodologies are
subject to ongoing development.

This book provides a full description of Danmarks Nationalbank's
portfolio management and financial management. The cornerstone of
financial management is the fixed-exchange-rate policy, although good
returns are also an objective.

Danmarks Nationalbank considers it important to provide a
comprehensive description of the principles for financial management
and to ensure that the principles are known by the general public.

Danmarks Nationalbank would like to thank colleagues in Denmark
and abroad for their many useful observations and suggestions during
the making of this book.

Questions and comments regarding this book may be addressed to
Financial Markets at kma@nationalbanken.dk.






1. Introduction

As the Danish central bank, Danmarks Nationalbank is responsible for
monetary policy in Denmark. Denmark maintains a fixed-exchange-rate
policy vis-a-vis the euro. This means that the objective of monetary and
foreign-exchange-rate policy is to keep the Danish krone stable against
the euro.

In addition, Danmarks Nationalbank issues banknotes and coins and
acts as banker to the banks and the central government.

In pursuit of these responsibilities Danmarks Nationalbank holds
substantial assets comprising the foreign-exchange reserve and a
domestic securities portfolio. On the liability side, the assets are partly
offset by banknotes and coins, by the government's and the banks'
deposits at Danmarks Nationalbank and by Danmarks Nationalbank's
net capital.

The size and structure of the balance sheet are for the most part a
consequence of Danmarks Nationalbank's role as monetary authority. As
an example, the size of the foreign-exchange reserve changes as a
consequence of interventions in the foreign-exchange market. Other
changes result from Danmarks Nationalbank seeking to achieve a good
return in relation to the risks it assumes. This is a consequence of its role
as financial institution. Considerations relating to monetary and foreign-
exchange policy and other tasks in respect of the role as monetary
authority always rank higher than considerations relating to return.

Danmarks Nationalbank's financial result depends on a number of
uncertainties, primarily the development in interest and exchange rates
(market risk), but also counterparties' ability and willingness to meet
their payment obligations (credit risk).

A part of Danmarks Nationalbank's financial risks reflects the risks
related to its role as monetary authority, and another part reflects the
risks related to its role as financial institution.

Risks arising from the role as monetary authority are inevitable. For
instance, it is necessary to have a foreign-exchange reserve in order to
maintain the fixed-exchange-rate policy. The foreign-exchange reserve
thus entails inevitable currency risk and credit risk since the assets must
be invested. Likewise, the role as monetary authority means that
Danmarks Nationalbank is exposed to risk in connection with monetary-
policy instruments and payment systems.



Other risks reflect that in its capacity of financial institution Danmarks
Nationalbank seeks to achieve a good return. The investment of the
foreign-exchange reserve in bonds that are subject to a degree of
interest-rate exposure rather than as bank deposits thus reflects a trade-
off between expected return and risk. On the one hand a higher return
is expected on bonds, but on the other hand bonds entail capital losses
if interest rates are rising.

All financial risks in relation to the roles as monetary authority and as
financial institution are subject to assessment and management.

The purpose of this publication is to describe the risk management of
Danmarks Nationalbank's portfolios. The risks related to monetary policy
and payment systems are not considered here, but are described further
in Danmarks Nationalbank, Monetary Policy in Denmark, 2003.

Danmarks Nationalbank also manages the central-government debt,
as described in its annual publication Danish Government Borrowing
and Debt.

BACKGROUND TO DANMARKS NATIONALBANK'S RISK PROFILE

Danmarks Nationalbank's choice of risk level is characterised by
prudence. The reason is that substantial losses in connection with risk
beyond the role as monetary authority are not compatible with high
credibility. Moreover, a low risk level makes it possible to maintain a
high degree of solvency, even under extreme market conditions.

The financial risks assumed by Danmarks Nationalbank as a financial
institution are the result of a deliberate and explicit trade-off of the
various considerations. This fundamental assessment is made by the
Board of Governors.

The risk level reflects an assessment of the expected return in relation
to a number of different risk indicators. Danmarks Nationalbank thus
does not apply a specific model when deciding the risk level.

The risk level can be assessed by considering the probability that
Danmarks Nationalbank will sustain a deficit, and in a broader sense
Danmarks Nationalbank's ability to resist losses. One method for
assessing currency and interest-rate risks is to calculate the Value-at-Risk.
This calculation shows that with very great probability Danmarks
Nationalbank's capital losses will not exceed DKK 3-4 billion in 2003.
Compared with Danmarks Nationalbank's financial result of approxi-
mately DKK 5 billion in recent years, the size of the capital loss means
that the probability of a deficit is acceptable. Stress tests are also applied
to assess the loss in the event of a collapse of the normal market



conditions. In the most extreme stress scenario the loss amounts to one
third of the net capital.

MANAGING FINANCIAL RISKS

The management of the different types of risks reflects Danmarks
Nationalbank's aim to avoid major losses as a consequence of
fluctuations in interest and exchange rates, and to completely avoid
losses as a result of counterparty failure.

The risk management includes the total balance sheet, so that risks on
both the asset and liability side are seen on an aggregated basis.
Furthermore, it is taken into account that the purpose of the central-
government foreign debt is to finance the foreign-exchange reserve.
The euro exposure of the foreign-exchange reserve thus reflects the
fixed-exchange-rate policy, but also that the central government's
foreign debt is in euro.

Interest-rate risk is managed by imposing limits on interest-rate
exposure, i.e. limits to the price fluctuations that are acceptable on a
given change in interest rates.

The level of the total interest-rate exposure is independent of the size
of the portfolios, and thus implies that the duration of the net capital is
unchanged when the foreign-exchange reserve fluctuates.

In a longer perspective Danmarks Nationalbank has achieved a higher
return from assuming interest-rate risk. Interest-rate risk also contributes
to reducing credit risk since the alternative to investment in bonds
issued by central governments with a high credit standing is deposits
with banks with a lower credit standing.

The currency risk is kept very low by almost exclusively holding
exposures in euro. Investments in other currencies than euro contribute
to spreading the interest-rate risk across several markets, but the
currency risk on these investments is transformed into euro via forward
foreign-exchange contracts. Experience shows that exchange-rate
fluctuations can lead to substantial losses, and the risk can be high in
relation to the potential return.

Danmarks Nationalbank has a minor exposure in US dollars, however,
reflecting the wish to be able to intervene in dollars.

When the foreign-exchange reserve is invested, it is sought to keep
the liquidity risk at a low level. This entails that the positions easily and
fast can be sold, pledged as collateral or settled without excessive
costs. The foreign-exchange reserve must to a large extent be
immediately liquid if it becomes necessary to intervene in support of
the krone.



Credit risk is inevitable, but can, however, be kept very low by setting
high requirements of the counterparties' credit standing, by spreading
the investments on many counterparties, and by requiring collateral for
investments. The objective is to avoid any credit losses due to counter-
party failure. By spreading the risk on several counterparties a potential
loss will be limited.

Compared with commercial banks, Danmarks Nationalbank has a low
credit risk. Commercial banks achieve earnings from assuming credit risk
and must therefore accept credit losses from time to time.

The credit losses previously suffered by Danmarks Nationalbank, e.g. in
connection with the failure of a bank, did not reflect investment
decisions, but rather broader financial-stability considerations.

In addition to market and credit risks comes operational risk. It is
difficult to quantify this type of risk, but qualitative standards are
applied. Operational risk is managed via risk assessments, written
procedures, physical security measures, IT security guidelines, and
contingency plans. Operational risk is also reduced since Danmarks
Nationalbank does not undertake transactions of an unnecessarily
complex nature.



2. Danmarks Nationalbank's Financial Result
and Balance Sheet

Danmarks Nationalbank's financial result comprises core earnings, re-
flecting Danmarks Nationalbank's role as monetary authority, and the
return from assuming further risk, reflecting the role as financial institu-
tion. Core earnings are seignorage and the return on the counterpart of
net capital, less the costs of holding the foreign-exchange reserve. In
addition, the result from currency risk is included in core earnings since
the currency risk is a consequence of the role as monetary authority.
Interest-rate risk is the primary source of the return achieved from as-
suming further risk, which in recent years due to the falling interest-rate
level has made a significant contribution to Danmarks Nationalbank's
overall financial result.

In 2002 core earnings amounted to DKK 3.1 billion, while the return
from assuming further risk was DKK 4.0 billion. Danmarks National-
bank's financial result thus totalled DKK 7.1 billion.

DANMARKS NATIONALBANK'S FINANCIAL RESULT

Danmarks Nationalbank's financial result can be presented in various
ways. The annual accounts published in Danmarks Nationalbank's Re-
port and Accounts present the total earnings. Below, however, the fi-
nancial result is presented on the basis of "business areas". This breaks
down the result into core earnings, reflecting the role as monetary au-
thority, and the return from assuming further risk in order to obtain
good returns, reflecting the role as financial institution.

The breakdown by business area is incomplete since it focuses on the
major factors that generate the result.

Table 2.1 presents Danmarks Nationalbank's financial result broken
down into core earnings and the return from assuming further risk.

Core earnings

Core earnings are Danmarks Nationalbank's financial earnings were it
solely to undertake transactions that are essential for the role as mone-
tary authority. The role as monetary authority includes a number of in-
evitable risks, reflecting the banks strictly necessary business areas, and
an extra currency risk vis-a-vis the US dollar and gold.



DANMARKS NATIONALBANK'S FINANCIAL RESULT 2002 Table 2.1

Interest, per cent Amount, Result,
per annum* DKK billion* DKK billion

Core earnings

SEIGNOTAGE .oeeeeieeieiriieire et 3.50 x 42 = 1.5
Counterpart of net capital ......cccecevvreniinenns 3.50 x 48 = 1.7
Foreign-exchange reserve and its financing .. -0.25 x 184 = -0.5
Currency risk, EUR ..o -0.3
Currency risk, USD and gold 0.7
TOtal e 3.1

Return from assuming further risk
Interest-rate risk, direct return (carry), etc. .... 0.9
Interest-rate risk, interest-rate-driven

capital gains ..o 3.1
TOtal e 4.0
Total financial result ........ccccoocveeeieieceeeen. 7.1

Note: * The figures are monthly averages for 2002. Therefore the items do not correspond to the balance sheet in
Table 2.2. Seignorage is calculated by using notes and coins in circulation exclusive cash centres.
Source: Danmarks Nationalbank, Report and Accounts, 2002.

Core earnings can be divided into four areas:
« Seignorage.

o Counterpart of net capital.

« Foreign-exchange reserve and its financing.
o Currency risk.

Seignorage is Danmarks Nationalbank's return from investing the coun-
terpart of banknotes and coins. Banks that receive cash from Danmarks
Nationalbank accrue a debt to Danmarks Nationalbank. This debt is re-
munerated at the monetary-policy interest rates. Banknotes and coins,
on the other hand, can be regarded as an interest-free loan to Danmarks
Nationalbank, which thus earns the margin between the monetary-
policy interest rates and zero. The higher the circulation of banknotes
and the higher the monetary-policy interest rates, the larger the sei-
gnorage. Seignorage accounted for earnings of approximately DKK 1.5
billion in 2002.

The net capital reflects that Danmarks Nationalbank's assets exceed its
debt. Danmarks Nationalbank achieves earnings by investing the coun-
terpart of its net capital. If the counterpart of net capital is remunerated
at the monetary-policy interest rates the risk of capital losses is non-
existent. In 2002 the counterpart of net capital contributed approxi-
mately DKK 1.7 billion to core earnings.

The foreign-exchange reserve is financed by loans denominated in
Danish kroner from either banks or the central government, whereas it



is remunerated at the euro interest rate, which is lower than the Danish
interest rate. Therefore in the first instance the foreign-exchange re-
serve represents expenditure.

Assuming that the foreign-exchange reserve is invested exclusively in
euro on the money market, so as to keep the interest-rate risk and the
currency risk at a very low level, the costs of holding the foreign-
exchange reserve will correspond to the spread between the money-
market interest rate in the euro area and the monetary-policy interest
rate in Denmark.

In 2002 the short-term interest rate in the euro area was approxi-
mately 25 basis points lower than the official lending rate in Denmark,
so that investment at the euro interest rate entailed expenditure of
around DKK 0.5 billion. The interest-rate differential has been consid-
erably narrower in 2003.

The currency risk vis-a-vis the euro is inevitable for Danmarks Nation-
albank as a result of the fixed-exchange-rate policy. Even though the
krone is very stable against the euro, even minor fluctuations in the ex-
change rate affect the result. In 2002 the Danish krone overall strength-
ened a little vis-a-vis the euro, entailing a loss of approximately DKK 0.3
billion. On the other hand, if the krone weakens this will entail a gain
for Danmarks Nationalbank.

Finally the currency risk vis-a-vis the US dollar and gold is included in
core earnings. These risks are a consequence of the monetary-authority
role and amounted to around DKK 0.7 billion in 2002. The currency risk
vis-a-vis the US dollar and gold is described in Chapter 6 and the gold
holding is described in Chapter 4.

Core earnings including the currency risk totalled approximately DKK
3.1 billion in 2002, cf. Table 2.1.

The result of assuming risk

Danmarks Nationalbank assumes a moderate interest-rate risk as a con-
sequence of the role as financial institution, reflecting the trade-off be-
tween risk and return. High returns are not a primary objective of Dan-
marks Nationalbank, although it does seek to achieve a good return at
an acceptable degree of risk.

The result of interest-rate risk relates to the holdings of bonds. When
Danmarks Nationalbank invests in a bond, the return can be perceived
as the yield on a money-market investment, and the return spread be-
tween the bond and the money-market investment. The money-market
interest rate is part of Danmarks Nationalbank's core earnings, whereas
the spread between the bond return and the money-market interest
rate is the result of assuming interest-rate risk. The result of interest-rate
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risk can again be divided into two elements: the direct return ("carry"),
and the result of interest-rate-driven capital gains'.

The direct return (carry) is the return on the investment if the interest
rates remains unchanged. The direct return reflects that the short-term
interest rate is typically lower than the long-term interest rate, but the
direct return may be negative in certain periods. Direct return also in-
cludes all other minor "business areas".

Interest-rate-driven capital gains reflect that in periods of falling in-
terest rates Danmarks Nationalbank achieves a capital gain due to price
increases in the bond portfolios, whereas Danmarks Nationalbank will
have a capital loss when interest rates are rising.

In 2002 the total gain from assuming interest-rate risk amounted to
approximately DKK 4.0 billion, cf. Table 2.1, reflecting the significant
drop in interest rates during the year.

Distribution of profit

In 2002 the financial result totalled DKK 7.1 billion. The profit for the
year after Other items amounted to DKK 6.7 billion (Other items mainly
comprises operating costs). Since 1995 the principles governing the
transfer of a part of Danmarks Nationalbank's profit has ensured a de-
gree of consolidation while smoothing the transfer to the central gov-
ernment.

The transfers are smoothed via the Value Adjustment Reserve. Positive
value adjustments are allocated to the Value Adjustment Reserve, while
negative value adjustments are covered from the Value Adjustment Re-
serve as far as possible.

After transfer to/from the Value Adjustment Reserve for 2002, 80 per
cent of the profit was transferred to the central government. The re-
maining 20 per cent was allocated to the General Reserves for consolida-
tion purposes.

The distribution of profit in recent years is shown in Chart 2.1.

It is important that there is indisputable confidence in a central bank's
solvency, and that the central bank's own economic position does not
affect monetary and foreign-exchange policy. The central bank's net
capital should therefore be substantial. Since 1982 Danmarks National-
bank's net capital has increased at a rate more or less equivalent to the
rate for Denmark's Gross Domestic Product, GDP, cf. Chart 2.2.

Decomposition of the return is described in further detail in Chapter 13 on performance measure-
ment.
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DISTRIBUTION OF PROFIT Chart 2.1
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DEVELOPMENT IN DANMARKS NATIONALBANK'S NET CAPITAL AND GDP Chart 2.2
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DANMARKS NATIONALBANK'S BALANCE SHEET

Danmarks Nationalbank's balance sheet reflects its activities and pro-
vides an overview of the financial risks to which Danmarks Nationalbank
is exposed. The key items are shown in Table 2.2.

Assets are dominated by the foreign-exchange reserve and the domes-
tic securities portfolio.

The foreign-exchange reserve is held in order to support the fixed ex-
change rate vis-a-vis the euro. If the krone is weak, foreign exchange
from the reserve is used to purchase kroner. The foreign-exchange re-
serve contributes to Danmarks Nationalbank's interest-rate, currency
and credit risks.

The domestic securities portfolio comprises Danish government and
mortgage-credit bonds and contributes to Danmarks Nationalbank's
earnings via the interest-rate and credit risks.

The historical development and structure of the portfolios are de-
scribed in further detail in Chapter 4.

Liabilities are dominated by Danmarks Nationalbank's obligation to is-
sue banknotes and coins and its function as banker to the commercial
banks and the central government.

The volume of banknotes and coins in circulation is mainly determined
by demand from the public. The banks' net position comprises all mone-
tary-policy outstandings between Danmarks Nationalbank and the
monetary-policy counterparties, i.e. banks and mortgage-credit insti-
tutes. The monetary-policy counterparties may make deposits to their
current accounts at Danmarks Nationalbank, or invest in certificates of
deposit. The counterparties may also borrow with Danish bonds as col-
lateral via the monetary-policy loans. The net position is defined as cur-
rent-account deposits and certificates of deposit less monetary-policy
loans. The net position is remunerated at the monetary-policy interest

KEY ITEMS OF THE BALANCE SHEET, END-2002, DKK BILLION Table 2.2
Assets Liabilities
Foreign-exchange reserve, net .............. 193 | Banknotes and coins in circulation ......... 48
of which gold ....ooeeieeeeeee 5| The banks' net position ........ccccccereeeneene 90
of which claim on the IMF ................... 8| Central-government deposits ................. 50
Portfolio of domestic securities ............ 41| Net capital ....cccccooviinniiniieeceeee 50
Other o, 4

Note: The item "Other" under Assets comprises other assets less other liabilities. The banks' net position comprises the
asset item "Lending, etc." and the liabilities items "Deposits, etc." and "Certificates of deposit". The balance-
sheet total therefore differs from the balance-sheet total in Report and Accounts, 2002.

Source: Danmarks Nationalbank, Report and Accounts, 2002.
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rates. In contrast to e.g. the European Central Bank, ECB, Danmarks Na-
tionalbank does not apply reserve requirements, which means that the
banks are obliged to hold a certain deposit at the central bank.

Danmarks Nationalbank is also banker to the central government. The
central-government account is used for settlement of the central gov-
ernment's large-value receipts and disbursements. In accordance with
Article 101 of the EU Treaty, this account may never be overdrawn. This
rule ensures that the EU member states do not finance government defi-
cits via central-bank credit, i.e. monetary financing. This account is re-
munerated at the discount rate.

The Foreign-exchange reserve and the portfolio of domestic securities
are not net assets for Danmarks Nationalbank

It is important to bear in mind that the foreign-exchange reserve and
the domestic securities portfolio do not represent net assets for Dan-
marks Nationalbank. These assets naturally counterbalance Danmarks
Nationalbank's liabilities. For example, purchases of foreign exchange
for the foreign-exchange reserve are offset by increased debt to the
banks or higher central-government deposits with Danmarks National-
bank. Likewise, purchase and sale of bonds for the domestic securities
portfolio change the banks' net position. An increase in the portfolio's
value as a result of purchases therefore does not increase Danmarks
Nationalbank's net capital since the expansion of the portfolios is offset
by higher debt. Correspondingly, a decrease as a result of sale does not
entail a reduction of Danmarks Nationalbank's net capital.

Examples of changes in Danmarks Nationalbank's portfolios

The examples in Table 2.3 show the balance-sheet effect of expanding
either the foreign-exchange reserve or the domestic securities portfolio
by DKK 100 billion.

EXAMPLES OF CHANGES IN BALANCE-SHEET ITEMS Table 2.3

DKK million | Assets | Liabilities

Example 1. Intervention, purchase of foreign exchange

for DKK 100 million

FOreign-exChange reSEIrVE .......ccooieeerereriee s +100

The banks' Net POSITION .....occuiiiiiiieiie e e +100

Example 2. Danmarks Nationalbank buys Danish bonds

for DKK 100 million

Domestic securities POrtfolio ......coirrerireerieeee s +100

The banks' NEt POSITION ....coviieriiieiieeee e +100
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In example 1 the foreign-exchange reserve increases because Dan-
marks Nationalbank wishes to counter a strengthening of the krone
by purchasing foreign exchange against Danish kroner. Danmarks
Nationalbank concludes transactions with the monetary-policy coun-
terparties whereby the counterparties' net position in Danish kroner
increases.

As the Table shows, Danmarks Nationalbank's debt to the banks in-
creases simultaneously with the foreign-exchange reserve. The debt to
the banks is remunerated at the Danish monetary-policy interest rates.
These interest rates correlate closely with the short-term euro interest
rates. If the foreign exchange purchased via intervention is invested as
short-term euro investments, the interest-rate risk on the asset and li-
abilities sides is very similar. The interest-rate risk thus remains almost
unchanged.

In view of the very stable krone rate vis-a-vis the euro, Danmarks Na-
tionalbank's currency risk is not significantly affected. The effect on the
currency risk would be far more pronounced if the foreign exchange
were to be invested in US dollars.

There is an increase in the credit risk since more assets have to be in-
vested. The increase in the credit risk is very limited, however, because
the credit standing of the counterparties is subject to very stringent re-
quirements.

Example 2 shows the balance-sheet impacts if Danmarks National-
bank's purchases Danish bonds. As a result, the bond portfolio and the
banks' net position are both expanded.

The risk impact for Danmarks Nationalbank of an expansion of the
domestic securities portfolio is an increase in the interest-rate risk and a
moderately greater credit risk. The interest-rate risk increases because
the bonds in the portfolio have a longer maturity than the instruments
included in the net position. The higher credit risk is due to more assets
invested.

Central-government borrowing and the balance sheet
Central-government borrowing impacts directly on Danmarks National-
bank's balance sheet, although the effects of domestic and foreign bor-
rowing differ. Domestic borrowing (issue of krone-denominated gov-
ernment bonds) increases the balance of the central-government ac-
count and equivalently reduces the banks' net position. The opposite
applies in the case of central-government expenditure, since the balance
of the account diminishes and the banks' net position increases. The
balance-sheet total, as well as Danmarks Nationalbank's financial result
and risk, remain unchanged.
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CENTRAL-GOVERNMENT BORROWING Table 2.4
Central government Danmarks Nationalbank

Assets Liabilities Assets Liabilities
Kroner . Euro . Euro Kroner

Euro loan of DKK 100 million (in DKK) (in DKK)

Central-government debt ......... +100

Foreign-exchange reserve ........ +100

Central-government account ... +100 +100

Foreign borrowing has a slightly more complex impact on the balance
sheet since the foreign-exchange reserve is affected. If the central gov-
ernment e.g. raises a euro-denominated foreign loan of DKK 100 mil-
lion, the central government receives euro to be exchanged for Danish
kroner at Danmarks Nationalbank. Consequently, the central-
government account increases by the krone amount, and the foreign
exchange expands equivalently, cf. the example in Table 2.4. The total
balance sheet increases by DKK 100 million.
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3. Decision-Making Process and Division of
Responsibility

In relation to financial risk management Danmarks Nationalbank applies
a formalised decision-making process to ensure a clear division of re-
sponsibility.

Within Danmarks Nationalbank's organisation the portfolio manage-
ment is clearly divided into trading functions, back-office functions and
strategy management.

Danmarks Nationalbank considers it important that risk management
and portfolio management are in accordance with current international
guidelines.

ORGANISATION

In the areas of portfolio and risk management Danmarks Nationalbank's
organisation comprises front-, middle- and back-office functions, i.e.
Market Operations, Financial Markets and Accounting.

Market Operations is responsible for day-to-day portfolio manage-
ment, including the specific composition of the portfolio and positioning
within the specified framework.

Financial Markets is responsible for the overall management of Dan-
marks Nationalbank's foreign-exchange and interest-rate positions. The
department also prepares outline strategies for the Board of Governors
and draws up specific frameworks and policies that implement the deci-
sions of the Board of Governors. Furthermore Financial Markets is re-
sponsible for Danmarks Nationalbank's risk analysis.

Accounting is responsible for settlement, bookkeeping and control
and provides data input to risk management.

The current organisation was implemented in 1996 on the basis of,
among other things, recommendations in international guidelines em-
phasising the importance of an up-to-date separation of functions. The
organisational changes are described in Danmarks Nationalbank's Re-
port and Accounts 1996.

The responsibility for executing transactions is segregated from Dan-
marks Nationalbank's strategic portfolio considerations. Bookkeeping
and settlement responsibilities are likewise segregated from the trading
function.
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The three departments each have their own head of department and
are furthermore physically separated. Accounting reports to a different
member of the Board of Governors than Market Operations and Finan-
cial Markets.

DECISION-MAKING PROCESS

The Board of Governors holds the ultimate responsibility for portfolio
management and for decisions relating to Danmarks Nationalbank's
financial risks.

The Committee of Directors considers the risk level in connection with
the annual review of Danmarks Nationalbank's large single exposures.

The Board of Governors makes the overall decisions regarding Dan-
marks Nationalbank's financial risks on the basis of recommendations
from Financial Markets. The decision-making process is outlined in Chart
3.1.

The objective of the decision-making process is to ensure that financial
transactions concluded by Danmarks Nationalbank reflect a specific
delegation of competence by the Board of Governors.

The overall decision concerning the level of financial risk is normally
taken once a year. It relates to Danmarks Nationalbank's exposure to
various currencies, the overall level of interest-rate risk and appurtenant
fluctuation margins, as well as the rules that are to apply to credit risk

DESICION ON DANMARKS NATIONALBANK'S FINANCIAL RISK Chart 3.1
Financial Markets
Board of |:> Outlines strategy |:>
Governors for overall policy, Market Operations
implementation of Undertakes market
Decides overall policy, operations and

overall policy

-

follow-up
(framework,
performance)

T

positioning

4L

Accounting
Settlement, bookkeeping, control
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and the guidelines for liquidity risk. The decision is reviewed quarterly,
but may also be adjusted on an ongoing basis, e.g. in the event of ex-
treme market conditions.

On a quarterly basis, Financial Markets reports to the relevant gover-
nor whether the limits have been complied with, whether the lines seem
appropriate in the given market conditions, and on the return achieved
from the actual positions.

Danmarks Nationalbank considers it important that the decision-making

process and portfolio management in general are in compliance with

international guidelines in the area. In Guidelines for Foreign Exchange

Reserve Management the International Monetary Fund, IMF, has stipu-

lated a number of optional guidelines for central banks' management of

the foreign-exchange reserve. According to the IMF's guidelines the
management of the foreign-exchange reserve must:

« be controlled by the monetary authorities and consistent with and
supportive of the specific policy environment;

o be transparent (disclosure of the official reserves according to a pre-
announced schedule, and publication of the broad objectives of re-
serve management) and accountable (clear specification of roles and
responsibilities);

« be based on a sound legislative framework and internal governance;

e be subject to risk management, to calculate the financial risks and
apply stress tests to e.g. assess the ability to counter losses;

« be conducted in markets that have sufficient depth and liquidity.

COMPLIANCE

Compliance with the frameworks and guidelines is controlled at several
levels of the organisation. Before a transaction is executed, Market Op-
erations is responsible for ensuring pre-trade compliance. Market Opera-
tions is also responsible for registering the transaction in Danmarks Na-
tionalbank's systems ("deal capture").

Accounting is responsible for settlement and bookkeeping of the
transaction. Accounting's systems then submit the information on the
transaction to the portfolio management system used by Financial Mar-
kets. The system is updated on a daily basis and any cases of non-
compliance with the stipulated framework for the market risk are re-
ported to Financial Markets. Accounting is responsible for monitoring
the framework for the credit risk on the foreign-exchange reserve and
the domestic securities portfolio. The distribution of responsibility is set
out in written rules of procedure.



30

In the event of non-compliance the nature of the non-compliance is first
determined, followed by a report on why it occurred and how it can be
eliminated. Normally Financial Markets approves the non-compliance.
Though, larger events of non-compliance are reported to the Board of
Governors.

Danmarks Nationalbank's Audit office undertakes ongoing control of
portfolio management. Audit is an independent office that reports to
the Board of Governors and to Danmarks Nationalbank's Committee of
Directors and Board of Directors. The annual accounts are subject to
external audit as well.

All employees in Danmarks Nationalbank are subject to a prohibition
of speculation, cf. a statutory order from the Danish Financial Supervi-
sory Authority, FSA.
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4. Danmarks Nationalbank's Portfolios

The foreign-exchange reserve and the portfolio of domestic securities
are Danmarks Nationalbank's key portfolios and constitute most of
Danmarks Nationalbank's total assets. The following is an outline of the
historical development in and the composition of the two portfolios.’

THE FOREIGN-EXCHANGE RESERVE

The foreign-exchange reserve is used by Danmarks Nationalbank to in-
tervene in the foreign-exchange market, i.e. to purchase or sell foreign
exchange against kroner in order to influence the krone rate. The for-
eign-exchange reserve is thus a key element of Denmark's fixed-
exchange-rate policy.?

Chart 4.1 shows the development in the foreign-exchange reserve and
in the central government's foreign debt since 1960.

Changes in the size of the foreign-exchange reserve can be for two
main reasons:
o Danmarks Nationalbank's purchase and sale of foreign exchange.
o The central government's raising or repayment of foreign loans.

In addition, the foreign-exchange reserve reflects ongoing interest ac-
crual and value adjustments. Foreign-exchange transactions between
the commercial banks and the rest of the private sector do not affect the
foreign-exchange reserve.

The central government may raise loans in foreign exchange to in-
crease the foreign-exchange reserve. As an element of Denmark's gov-
ernment-debt policy, for the last 15 years the central government has
adhered to the principle that foreign-exchange loans raised by the cen-
tral government may not be used to finance the central government's
current deficit denominated in kroner.

The central government's foreign loans thus constitute a buffer
against fluctuations in the foreign-exchange reserve. In periods when
the foreign-exchange reserve diminished as a result of intervention to
support the krone, the central government raised loans denominated in
foreign exchange in order to ensure an adequate foreign-exchange re-

; For more detailed descriptions of the two portfolios, see Jensen (1999) and Jayaswal (2003).
The foreign-exchange reserve is only one of Danmarks Nationalbank's methods of obtaining foreign
exchange. The others are described in Chapter 9, Liquidity Risk.
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THE FOREIGN-EXCHANGE RESERVE AND THE CENTRAL-GOVERNMENT
FOREIGN DEBT, YEAR-END Chart 4.1
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serve. In more stable periods, Danmarks Nationalbank has been able to
purchase foreign exchange.

The foreign-exchange reserve cannot be used to reduce the central
government's foreign debt unless the size of the foreign-exchange re-
serve is found adequate and the central government's balance on its
account at Danmarks Nationalbank can finance the reduction of the
debt. If there are not enough funds on the central government's ac-
count, the domestic-government debt must be increased in order to
fund a reduction of the foreign-government debt.

The foreign-exchange reserve has increased significantly during the past
10 years, cf. Chart 4.1. This increase reflects the foreign-exchange pur-
chases by Danmarks Nationalbank in order to maintain a stable krone
rate. At the same time the balance on the central government's account
at Danmarks Nationalbank has limited the opportunity to repay the
central government's debt denominated in foreign exchange.

Composition of the foreign-exchange reserve

The foreign-exchange reserve is invested as deposits in foreign banks
and in foreign bonds. The bank deposits comprise collateralised and
uncollateralised deposits. In addition, the gold holding and claims on
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THE FOREIGN-EXCHANGE RESERVE, END-2002 Chart 4.2

M Gold, DKK 5 billion IMF accounts, DKK 8 billion
M Foreign bonds, DKK 62 billion m Bank deposits, uncollateralised DKK 39 billion
M Bank deposits, collateralised (repos), DKK 79 billion

Note: Danmarks Nationalbank's liabilities vis-a-vis non-residents are deducted from Foreign bonds.
Source: Danmarks Nationalbank.

the International Monetary Fund, IMF, are also included.' On the other
hand, Danmarks Nationalbank's obligations vis-a-vis abroad are de-
ducted.’

The foreign-exchange reserve comprises secure and liquid assets that
can rapidly be sold or pledged as collateral. The foreign-exchange re-
serve is invested in the euro area, the USA, the UK and Sweden.

At end-2002 the market value of the foreign-exchange reserve was
DKK 193 billion net. Chart 4.2 shows the individual items of the foreign-
exchange reserve.

A number of special circumstances affect Danmarks Nationalbank's
gold holding. These are outlined below.

The gold holding in the foreign-exchange reserve

The gold holding amounts to approximately 67 tonnes corresponding to
around DKK 5 billion.’ Under the Danmarks Nationalbank Act, Danmarks
Nationalbank must hold a gold fund. During some time Danmarks Na-
tionalbank has had an unchanged gold holding, cf. Chart 4.3. The risk
related to the gold holding comprises currency risk (in kroner vis-a-vis
dollars) and price risk (in dollars vis-a-vis gold). The currency risk on the

1

) Danmarks Nationalbank's claims on the IMF are described in Mogensen (2003).

Primarily any unutilised credits from the European Central Bank and the balance on the European
Commission's account.

For further information on Danmarks Nationalbank's gold holding and the international role of gold,
see Bie and Pedersen (1999).

3
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DANMARKS NATIONALBANK'S GOLD HOLDING Chart 4.3
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gold holding is included in the overall management of Danmarks Na-
tionalbank's currency risk, cf. Chapter 6. The gold-price risk is not
hedged, in view of Danmarks Nationalbank's relatively small holding of
gold.

The return on the gold holding comprises any appreciation over time,
as well as interest from lending the gold.

Lending of gold is interest bearing since gold producers and others
wish to protect against future price decreases. This is done by borrowing
gold and selling it immediately. As gold is produced, the gold loan can
be repaid. Danmarks Nationalbank does not lend directly to gold pro-
ducers, but to commercial banks. In this way Danmarks Nationalbank
does not incur any direct credit risk in relation to the gold producers.

Danmarks Nationalbank began to lend gold in 1987. Gold is lent to
banks with high ratings and primarily deposited at the Bank of England.
The gold interest rate is currently very low, cf. Chart 4.4.

If Danmarks Nationalbank's interest and currency risks are to remain
almost unchanged, the alternative investment option instead of gold is
the US money market. The US money-market interest rate has fallen
significantly more than the gold interest rate in recent years, so that the
ongoing cost of investing in gold is currently relatively low compared to
the US money market.
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GOLD INTEREST RATE AND SHORT-TERM US INTEREST RATE Chart 4.4
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The gold holding also contributes to diversification of Danmarks Natio-
nalbank's market risk. This is described in more detail in Chapter 8,
Measuring Market Risk.

THE PORTFOLIO OF DOMESTIC SECURITIES

Danmarks Nationalbank holds a portfolio of Danish bonds that has
served various purposes over time. Formerly, the purchase and sale of
bonds were used as monetary-policy instruments to influence bond
yields. In view of today's free movement of capital such operations are
no longer considered an effective means of influencing long-term yields.

In the management of the domestic securities portfolio it is the aim
not to influence the Danish bond market. The historical development in
the domestic securities portfolio since 1960 is shown in Chart 4.5.

In the 1960s Danmarks Nationalbank from time to time sought to coun-
teract rising interest rates by purchasing bonds. These purchases also
helped to supply liquidity that was absorbed via the government budget
surpluses in those years.

During the 1970s Danmarks Nationalbank adjusted its presence in the
bond market and no longer sought systematically to stabilise interest
rates, although strong price fluctuations were still dampened, foreign-
exchange-reserve conditions permitting.
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THE PORTFOLIO OF DOMESTIC SECURITIES Chart 4.5
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In 1986 Danmarks Nationalbank once again became very active in the
bond market. For a short period during the summer Danmarks National-
bank thus sought to dampen falling bond prices by purchasing bonds.

Apart from very short-term market operations to manage liquidity in
the early 1990s, monetary-policy operations in the bond market have
not been applied.

The composition of the domestic securities portfolio

By the end of 2002 the market value of the domestic securities portfolio
was around DKK 41 billion. The portfolio of domestic securities contrib-
utes significantly to Danmarks Nationalbank's financial result, since in-
vestments in bonds typically have a higher return than money-market
investments. Chart 4.6 shows the development in the composition of the
portfolio.

Historically, most of the portfolio has been invested in mortgage-
credit bonds. The high proportion of Danish Ship Finance bonds is partly
related to the fact that Danmarks Nationalbank was previously an active
party to a number of subsidy schemes to finance shipbuilding, cf. Ap-
pendix B on Ship Finance Schemes.

By the end of 2002 the portfolio of mortgage-credit bonds comprised
2/3 un-callable and 1/3 callable bonds. The latter are the traditional
long-term mortgage-credit bonds with maturities of up to 30 years.
When a bond is callable, the borrower is entitled to repay the loan at
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THE PORTFOLIO OF DOMESTIC SECURITIES BY ISSUER Chart 4.6
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par value throughout its maturity. This is taken into account in risk man-
agement, cf. Chapter 7 and Appendix A.

Since 1970 the domestic securities portfolio has been restructured from
mortgage-credit and Danish Ship Finance bonds to government bonds.
The portfolio of mortgage-credit bonds has been reduced in step with
the increase in central-government borrowing, which has expanded the
issuance of Danish government bonds.

Purchase and sale of government bonds
Under the EU Treaty, EU member states are committed to sound and
sustainable public finances. The central banks of the member states may
thus not finance public expenditure either directly by lending to the
central government, or indirectly by purchasing a disproportionally large
volume of bonds issued by public authorities'. Rules have therefore been
established to monitor the central banks' transactions.

Danmarks Nationalbank may not buy government bonds directly from
the central government, but buys and sells government bonds in the
secondary market.

Bonds issued by public authorities primarily comprise government bonds and municipal bonds. Bonds
issued subject to a government guarantee or bonds subject to other significant public influence are
also covered by the rules.
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5. Market Risk, Introduction

Danmarks Nationalbank's market risk is the risk of loss as a consequence
of price fluctuations on the financial markets. The risk factors comprise
interest rates, exchange rates and the price of gold.

Danmarks Nationalbank cannot avoid market risk, and to some extent
also assumes market risk voluntarily. The reasons are to achieve earnings
or to meet other objectives. However, it is of great importance to keep
the market risk at a low level. Thereby, Danmarks Nationalbank can
resist extreme market conditions, e.g. significant interest-rate increases,
while maintaining a high degree of solvency. A low market risk also
helps to ensure stable development in the return that falls to the central
government.

MANAGING MARKET RISK

Danmarks Nationalbank's interest-rate and exchange-rate risks are man-
aged via the limits set for the exposure or sensitivity of financial posi-
tions to changes in interest and exchange rates. The limits are fixed as
krone amounts, and the actual exposures are also calculated in kroner.
Interest-rate exposure is expressed as the krone duration, e.g. the loss in
kroner on a general increase in the level of interest rates by 1 percent-
age point, while exchange-rate exposure can be expressed as the change
in the market value in kroner on a 1-per-cent change in the exchange
rate. For a position in foreign exchange the fact that exposure is com-
piled in kroner means that the exposure is affected by the exchange rate
of the krone vis-a-vis the relevant currency. Both interest-rate and ex-
change-rate exposure will increase (decrease) when the krone weakens
(strengthens) vis-a-vis the currency.

The interest-rate exposure of a foreign-exchange position is therefore
calculated on the basis of a fixed exchange rate (base rate), which is only
adjusted in connection with major changes in the actual exchange rate.
The need to conduct many minor transactions in order to maintain a
given krone duration is thus eliminated, since minor fluctuations in the
exchange rate do not affect the calculated interest-rate exposure.

The exchange-rate exposure of a given foreign-exchange position is
calculated on the basis of the actual exchange rate. The limits applied to
the exchange-rate exposure allow the actual exchange-rate exposure to
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vary with both the exchange rate and the level of interest rates in the
relevant currency.

Danmarks Nationalbank's currency and interest-rate risks are described
in further detail in Chapters 6 and 7.

RISK VERSUS EXPOSURE

The market risk is determined not only by the exposures but also by the
actual fluctuations in the risk factors.

Generally it is important to distinguish between exposure and risk. The
difference between the two concepts is illustrated in Chart 5.1. The left-
hand diagram shows the exposure, in this case the interest-rate expo-
sure, of a bond portfolio. An increase in the level of interest rates leads
to a capital loss, while a drop in the level of interest rates leads to a
capital gain. The middle diagram shows interest-rate scenarios, illus-
trated as a distribution of probabilities. Minor interest-rate changes
have a high probability, while major interest-rate changes have a low
probability. Combining the interest-rate exposure with the scenarios for
interest-rate changes leads to the right-hand diagram that depicts the
interest-rate risk as a probability distribution for the return on the port-
folio.

INTEREST-RATE EXPOSURE VERSUS INTEREST-RATE RISK ON A BOND

PORTFOLIO Chart 5.1
Return Probability Probability
A 4 A
Interest-rate change Interest-rate change Return
Exposure X scenarios = risk

Note: Return means a capital gain or loss as a consequence of market development.
Source: Danmarks Nationalbank.
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In practise several risk factors are affected at the same time. For in-
stance, a position in foreign bonds may result in a large krone-
denominated loss on a simultaneous weakening of the currency and
increase in bond yields. In other cases the loss resulting from the cur-
rency's weakening may be fully or partly offset by falling bond yields. In
a third scenario, the loss resulting from an increase in bond yields may
be fully or partly offset by a strengthening of the currency. Finally, a
substantial gain may be achieved if the currency strengthens concur-
rently with a decrease in bond yields.

Risk is inherently forward-oriented. Quantification of the risk thus im-
plies that future fluctuations in the risk factors must be taken into ac-
count. Quantified risks will therefore always include some uncertainty.

Danmarks Nationalbank's market risk is measured by Value-at-Risk,
which can be interpreted as the maximum loss under normal market
conditions, as well as stress scenarios focusing on losses under extreme
market conditions. No explicit limits are set for these risk measures, but
the risk measures are part of the determination of the overall limits for
interest-rate and exchange-rate exposure.

Chapter 8 expands on the measurement of Danmarks Nationalbank's
market risk.

A particular type of market risk is liquidity risk, i.e. the risk that an as-
set cannot be sold, pledged as collateral, or settled without excessive
costs. Liquidity risk cannot be quantified in the same way as exchange-
rate and interest-rate risks. This is, however, a very significant risk, since
Danmarks Nationalbank may require substantial funds at very short no-
tice in connection with its market intervention. Ultimately liquidity risk is
the risk that Danmarks Nationalbank cannot intervene in the foreign-
exchange market. To avoid this situation a liquidity reserve is main-
tained. Liquidity risk and the liquidity reserve are described in more de-
tail in Chapter 9.
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6. Currency Risk

Danmarks Nationalbank's objective is to keep the krone stable vis-a-vis
the euro. The fixed-exchange-rate policy requires that Danmarks Na-
tionalbank must be able to intervene in the foreign-exchange market to
ensure a stable krone vis-a-vis the euro. This is achieved by maintaining a
foreign-exchange reserve in euro.

Danmarks Nationalbank thus cannot avoid currency risk, and the expo-
sure in euro is an inevitable risk as a result of the monetary authority
role.

Part of the foreign-exchange reserve is invested in interest-bearing in-
struments denominated in US dollars, pounds sterling and Swedish kro-
nor, cf. Chapter 7. These investments entail a considerable currency risk,
since the value of the krone has been seen to fluctuate significantly vis-
a-vis these currencies. Most of Danmarks Nationalbank's exposure vis-a-
vis these currencies, however, has been transformed into euro. Together
with the krone's stability vis-a-vis the euro, this ensures that Danmarks
Nationalbank's currency risk is small in relation to the size of the for-
eign-exchange reserve. In addition, Danmarks Nationalbank finds that
the potential gains from exposure vis-a-vis non-euro currencies do not
match the risk of losses.

The remaining non-transformed currency risk, which is therefore mi-
nor and reflects the role of Danmarks Nationalbank's as the monetary
authority role, concerns the risk vis-a-vis the US dollar and the gold
price.

In connection with the financial result the risk is a strengthening of
the krone. If the krone strengthens vis-a-vis the euro, the value of the
reserve in euro will diminish, and Danmarks Nationalbank will sustain a
loss. However, the fixed-exchange-rate policy also entails that this risk
can be regarded as minor.

TRADE-OFF BETWEEN RISK AND RETURN

Most of the foreign-exchange reserve is invested in interest-bearing
instruments denominated in euro, but there are also substantial invest-
ments in the interest-rate markets in US dollars, pounds sterling and
Swedish kronor. The investments in the non-euro currencies entail a
considerable currency risk. Substantial fluctuations in the value of the
krone vis-a-vis these currencies may occur, cf. Table 6.1. However, most



44

VOLATILITY OF THE KRONE VIS-A-VIS OTHER CURRENCIES AND GOLD Table 6.1
Euro US dollar Yen Pound sterling | Swedish krona Gold price
0.3 9.4 10.8 8.0 6.0 14.2

Note: The volatilities are calculated as the spread in the monthly percentage changes in the period January 1998-
December 2002, projected to annual level.
Source: Danmarks Nationalbank.

of the exposure to non-euro currencies is converted into euro. Further-
more, the krone has been very stable for many years vis-a-vis first the D-
mark and since 1999 the euro. Therefore, the currency risk on the part of
the foreign-exchange reserve that is invested in euro is therefore rela-
tively small.

The risk of a loss is the risk of a strengthening of the krone vis-a-vis the
euro. Within the framework of the fixed-exchange-rate policy, the krone
can strengthen by 4.5 per cent vis-a-vis the euro, if it moves from the
weakest to the strongest value in the allowed fluctuation band. At end-
2002 Danmarks Nationalbank's exposure to euro was close to DKK 200
billion. A strengthening of the kroner by 4.5 per cent would at that time
have implied a loss of about DKK 9 billion for Danmarks Nationalbank.
In recent years, however, in practice the volatility in the value of the
krone vis-a-vis the euro has been very small compared to the allowed
fluctuation band, cf. table 6.1. Furthermore the krone-rate has been very
close to the central rate. A large strengthening of the krone should
therefore only be expected due to a preliminary weakening, which
would entail a gain for Danmarks Nationalbank.

The currency risk resulting from positions in non-euro currencies is not
to the same extent inevitable for Danmarks Nationalbank. Conse-
quently, this risk should be avoided, unless there are good reasons for
assuming it.

An additional currency risk could possibly be justified on the basis of
potential return. Since non-euro currencies are highly volatile, it is nec-
essary for the expected gains on such exposures to be significant. Ex-
perience shows that even over very long periods exchange rates can
fluctuate quite considerably. This makes it more difficult to predict
movements in exchange rates. Thus, the transformation to euro of expo-
sure to non-euro currencies should also be seen in the light of the large
risk associated with exposure in non-euro currencies.

By virtue of the role as monetary authority Danmarks Nationalbank is
exposed to dollar and gold, cf. the following.
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DANMARKS NATIONALBANK'S VALUE-AT-RISK AT DIFFERENT LEVELS OF
EXPOSURE IN US DOLLARS Chart 6.1

VaR, DKK billion
5.5

5.0

4.5

4.0

3.5

3.0
-20 -15 -10 -5 0 5 10 15 20 25 30
Dollar exposure, DKK billion

Note: Calculations on holdings as of 30 December 2002 based on VaR with a probability of 95 per cent and a time
horizon of 1 year.
Source: Danmarks Nationalbank.

RISK VIS-A-VIS THE US DOLLAR

Danmarks Nationalbank has a (small) exposure to US dollars. At end-
2002 this exposure was about DKK 4 billion.

The positive dollar exposure allows the use of dollars to strengthen
the krone by intervention, without being obliged to borrow dollars.
However, the primary intervention currency is euro.

Viewed in isolation, the dollar exposure contributes to increasing the
currency risk. However, Danmarks Nationalbank's total market risk does
not necessarily increase with the exposure to dollars, provided that it is
relatively low. This is illustrated in Chart 6.1, which shows the risk ex-
pressed as Value-at-Risk for different levels of dollar exposure.' In the
calculations, the purchase and sale of dollars are offset by the equivalent
purchase and sale of euro, so that the total market value of the portfo-
lios remains unchanged.

As Chart 6.1 illustrates, Danmarks Nationalbank's risk decreases when
the dollar exposure is increased from zero to around DKK 10 billion. The
reason is that the increase in the dollar exposure contributes to diversify-
ing the portfolios. When the exposure is small, the increased dollar risk
is dominated by the diversification gain. The reason for the diversifica-

1 . . S .
The calculation of Danmarks Nationalbank's Value-at-Risk is elaborated on in Chapter 8.
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tion gain is that losses and gains on dollars do not always coincide with
losses and gains resulting from fluctuations in the other risk factors.

It should be noted that the risk-minimising dollar exposure is not con-
stant, but may vary in step with the correlation in data or in Danmarks
Nationalbank's other positions. The result is relatively robust, however.

RISK VIS-A-VIS GOLD

Danmarks Nationalbank has a (small) gold holding. It is a buy-and-hold
portfolio, since Danmarks Nationalbank does not buy and sell gold on
an ongoing basis, but maintains a constant physical holding of gold. The
value of Danmarks Nationalbank's gold holding was approximately DKK
5.2 billion at end-2002. The gold holding is described in more detail in
Chapter 4.

The gold holding contributes to the dollar exposure, since gold is
priced and traded in US dollars. Viewed in isolation the gold holding
thereby contributes to both the exchange-rate and the gold-price risk.
This is equivalent to a US bond contributing to both the exchange-rate
and the interest-rate risk. The dollar risk of gold is included in the total
exposure vis-a-vis the dollar of which the major part is hedged by trans-
formation to risk vis-a-vis the euro.

THE IMPACT OF THE GOLD HOLDING ON DANMARKS NATIONALBANK'S
TOTAL VALUE-AT-RISK Chart 6.2

DKK billion
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=—VaR VaR excl. gold =—VaR gold isolated

Note: Calculations on holdings as of 30 December 2002 based on VaR with a probability of 95 per cent and a time
horizon of 1 year.
Source: Danmarks Nationalbank.
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The risk vis-a-vis the gold price in dollars is kept. In some periods the
gold price can be highly volatile, so that viewed in isolation gold is a
high-risk asset. However, the gold holding is relatively small. In addition,
the holding contributes to a certain degree of diversification.

The diversification gain from holding gold can be illustrated by calcu-
lating Danmarks Nationalbank's market risk expressed as Value-at-Risk
with gold, without gold and for gold in isolation. The result is shown in
Chart 6.2. As the Chart shows, viewed in isolation, the gold holding had
a Value-at-Risk of more than DKK 1 billion in 2002, but selling the gold
would only reduce the overall Value-at-Risk to Danmarks Nationalbank
by DKK Va-% billion.

USE OF CURRENCY OVERLAY TO TRANSFER OTHER CURRENCY RISKS TO
EURO CURRENCY RISK

The exposure vis-a-vis non-euro currencies is transformed into exposure
vis-a-vis the euro via foreign-exchange swaps whereby euro is purchased
on forward terms.

The overlay of the exchange-rate exposure into euro means that it is
not necessary to consider the related currency risk on selecting its inter-
est-rate markets. In other words, interest-rate risk can be assumed with-
out incurring currency risk. The transformation of the exchange-rate
exposure in US dollars, pounds sterling and Swedish kronor into euro
ensures a large reduction of the currency risk. Expressed as Value-at-Risk,
the market risk would thus more than double from DKK 3.2 billion to
DKK 6.7 billion if the exchange-rate exposure were not transformed into
euro.' The reason for this increase is that the krone's volatility vis-a-vis
the non-euro currencies is far greater than its volatility vis-a-vis the euro,
cf. Table 6.1.

At end-2002 Danmarks Nationalbank had concluded foreign-exchange
swaps for an amount equivalent to DKK 51 billion, cf. Table 6.2 showing
the foreign-exchange outstandings. As the Table illustrates, an amount
equivalent to DKK 144 billion had been invested in euro-denominated
assets. The purchase of euro on forward terms increased the euro expo-
sure to DKK 197 billion. Coincidently the exposure in the other curren-
cies was eliminated, except for a minor US dollar exposure.

The Annex to this Chapter describes the currency overlay by both for-
ward foreign-exchange contracts and by foreign-exchange swaps. The

1 . . s
Calculations as of 30 December 2002. The effect of the transformation of the exposure vis-a-vis the
non-euro currencies to euro depends on the date of calculation.
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DANMARKS NATIONALBANK'S FOREIGN-EXCHANGE ASSETS Table 6.2
End-2002
End-2001 Forward
Market value, DKK billion net Investments Gold purchases Net
EUrO oo 157 144 - 53 197
Pounds sterling .............. 0 11 - -11 0
Dollars ....cccccvreevenenene 3 30 5 -32 4
YeN oo 0 1 - -1 0
Swedish kronor .......ccccceeeeee, - 7 - -7 0
Total v, 161 193 5 2 201

Note: Negative amounts indicate that Danmarks Nationalbank suffers a loss when the value of the foreign currency
strengthens. The value of SDR is distributed on the respective currencies. The investment in Japanese yen solely re-
lates to SDR.

bid-offer spread when concluding foreign-exchange swaps is very low,
due to the high liquidity of the swap market, cf. Chapter 12.

SDR

Danmarks Nationalbank's account with the International Monetary Fund
(IMF) is stated in SDR. SDR is a basket of currencies comprising the US
dollar, the euro, the Japanese yen and the pound sterling. The krone
value of SDR therefore depends on the krone's rate vis-a-vis the underly-
ing currencies. Assets in SDR thus entail a risk vis-a-vis these currencies.
In the compilation of Danmarks Nationalbank's exposures SDR are dis-
tributed on the underlying currencies. At end-2002 Danmarks National-
bank's net claim on the IMF was 0.9 billion SDR, equivalent to DKK 8.3
billion. The breakdown on the underlying currencies is illustrated in Ta-
ble 6.3.

COORDINATION WITH THE CENTRAL GOVERNMENT'S FOREIGN
BORROWING

Since most of Danmarks Nationalbank's return is transferred to the cen-
tral government, and the central government's foreign debt is primarily
raised to provide Danmarks Nationalbank with an adequate foreign-
exchange reserve, the currency distribution of the foreign-exchange
reserve and the central-government debt is considered as one. This en-
sures that the overall risk to the central government and Danmarks
Nationalbank is not unnecessarily high and that the proceeds of loans in
one currency are not invested in another currency. In the period 1992-
2000 the currency distribution of the foreign-exchange reserve and the
central-government debt were subject to formalised coordination. To-
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SDR-DENOMINATED PORTFOLIO BY CURRENCY, END-2002 Table 6.3
Billion currency units ‘ usb ‘ EUR ‘ JPY ‘ GBP ‘ Total
Value in CUrrency .....cccceeeveveeneenenenne 0.5 0.4 17.8 0.1

Value in Danish kroner .........cccccocue.... 3.6 2.7 1.1 1.0 8.3

Note:  Breakdown on the underlying currencies as follows: 1 SDR = 0.577 USD + 0.426 EUR + 21 JPY + 0.0984 GBP. The
key is determined by the IMF and applies to the period January 2001-December 2005.
Sources: MF and own calculations.

day the central government's foreign debt is only sensitive to fluctua-
tions in the euro rate. At the same time, Danmarks Nationalbank's ex-
change-rate exposure is predominantly in euro, cf. Chart 6.3. This coor-
dination ensures that the total currency risk is minor.

CURRENCY RISK UNDER THE COMMERCIAL PAPER PROGRAMME

Danmarks Nationalbank may enhance liquidity in foreign exchange via
the central government's Commercial Paper (CP) programme, cf. Chapter
9 on Danmarks Nationalbank's liquidity risk. Under the programme, the
central government raises a loan in euro or dollars and transfers the
proceeds to Danmarks Nationalbank.

The central government's gain or loss in connection with a CP pro-
gramme is offset by an equivalent loss or gain for Danmarks National-
bank. Consequently, taking the central government and Danmarks Na-
tionalbank as one, there is no currency risk attached to the CP pro-

DANMARKS NATIONALBANK'S EXPOSURE IN NON-EURO CURRENCIES Chart 6.3
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Source: Danmarks Nationalbank.
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CURRENCY-EXPOSURE LIMITS, END-2002 Table 6.4
DKK billion EUR GBP SEK usb JPY Other
Gross exposure ....... - 5-15 5-15 20-30 - 0-5
Net exposure .......... - -0.2-0.2 -0.2-0.2 3,6-44 -0,2-0,2 -0.2-0.2

Note:  Other currencies comprise CAD and CHF.
Source: Danmarks Nationalbank.

gramme. However, in connection with CP issues in dollars the currency
risk of both Danmarks Nationalbank and the central government is
transformed to euro. This reduces the risk of large gross losses. In con-
nection with the overlay the central government purchases dollars
against euro on forward terms from Danmarks Nationalbank.

MANAGEMENT AND CONTROL OF THE CURRENCY RISK

Danmarks Nationalbank's currency risk is managed via limits fixed for
the market value in kroner of the individual currencies. Limits are fixed
for both the gross exposure and the net exposure, i.e. the foreign-
exchange exposure before and after conclusion of foreign-exchange
swaps. The level of the gross exposure is determined so that the desired
interest-rate risk can be assumed, while also ensuring a certain diversifi-
cation across capital markets.

The limits at end-2002 are shown in Table 6.4. As the Table shows,
there are no limits to the euro exposure. The reasons are that the size of
the foreign-exchange reserve is determined by the need for interven-
tions, and that in principle the changes in the reserve are in euro.

The foreign-exchange exposure is calculated and reported on a daily
basis in the PSS system, cf. Chapter 14.
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ANNEX: CURRENCY OVERLAY VIA FORWARD FOREIGN-EXCHANGE
CONTRACTS AND FOREIGN-EXCHANGE SWAPS

Forward foreign-exchange contracts

A forward foreign-exchange contract is an agreement with counterparty
to exchange amounts in different currencies at a future time and at an
agreed exchange rate.

Typically Danmarks Nationalbank's forward foreign-exchange con-
tracts have a maturity of 1-2 months. The agreed exchange rate, the
forward rate, will depend on the spot rate and the difference between
the short-term interest rates in the currencies included in the forward
contract.

Forward foreign-exchange contracts can be used to e.g. eliminate the
currency risk or to transform the risk from one currency to another.

If the risk is to be eliminated over a longer period, new forward con-
tracts must be rolled over on an ongoing basis.

Example of a forward foreign-exchange contract
It is assumed that Danmarks Nationalbank wishes to expand its interest-
rate exposure in the US market. It therefore purchases dollar-
denominated bonds for a market value of USD 100 million. The dollar
amount is procured by selling euro for dollars.

This investment has augmented Danmarks Nationalbank's risk vis-a-vis
the dollar. The risk is transformed to euro via forward foreign-exchange

CASH FLOWS IN FORWARD FOREIGN-EXCHANGE CONTRACT Chart 6.4
potler leg - - -
-100 -100 -100
s ]
Euro leg 100 11 105
January February March April
1 euro =1 dollar 1euro=0.9dollar 1 euro=0.95dollar 1 euro = 1.05 dollar

Forward M Spot M Exchange-rate gain on dollar bond (unrealised)

Source: Danmarks Nationalbank.
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contracts whereby, on a future date, euro will be received and dollars
delivered. The payment flows are illustrated in Chart 6.4 and explained
below. To simplify the example, it is assumed that the forward rate is
equivalent to the spot rate, and that the market value of the dollar
bonds remains USD 100 million.

In January USD 100 million is purchased spot against sale of euro at a rate
of 1 dollar per euro (the USD 100 million is subsequently used to purchase
US bonds). The exposure in dollars is transformed into an exposure in euro
via a forward contract whereby USD 100 million is payable and EUR 100
million is receivable when the forward contract expires in February.

In February the USD 100 million is procured by selling euro for dollars
spot. If the dollar has strengthened to 0.9 dollar per euro, Danmarks
Nationalbank will have to pay EUR 111 million to buy USD 100 million
spot. Since only EUR 100 million is received under the forward contract,
it has cost EUR 11 million in isolated terms. However, this is offset by the
increase in the euro value of the underlying dollar position by EUR 11
million to EUR 111 million as a consequence of fluctuations in the ex-
change rate. A new forward contract is now entered into, under which
USD 100 million is payable and EUR 111 million is receivable when the
contract expires in March.

In March the February procedure is repeated. The USD 100 million
payable under the forward contract is procured by selling euro for dol-
lars spot. If the dollar has weakened to 0.95 dollar per euro, Danmarks
Nationalbank will have to pay EUR 105 million to buy USD 100 million
spot. Since EUR 111 million is received under the forward contract, it has
achieved a gain of EUR 6 million in isolated terms. However, this is offset
by the euro value of the underlying dollar position having fallen by EUR
6 million as a result of the exchange-rate fluctuation. A new forward
contract is now entered into, whereby USD 100 million is payable and
EUR 105 million is receivable when the forward contract expires in April.

In April the dollar bonds are sold and the proceeds are used for the
dollar payment under the forward contract.

By continuously combining forward contracts with spot transactions
the dollar exposure can be transformed into euro for as long as is re-
quired. There will be ongoing losses and gains on the forward contracts
as a result of exchange-rate fluctuations, but these will be offset by
gains and losses on the dollar bond.

Foreign-exchange swaps
Actual purchase and sale of foreign exchange on forward terms takes
place via foreign-exchange swaps. A foreign-exchange swap is a forward
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contract and spot transaction in the same instrument. In a foreign-
exchange swap — as in a forward contract - amounts in different curren-
cies are thus exchanged with counterparty at a future time, at a rate
agreed in advance. This is combined with an agreement for a reverse
spot transaction. This way the simultaneous spot and forward transac-
tions illustrated in figure 6.4 are transacted as a swap and not as sepa-
rate transactions.

The payment flows in the foreign-exchange swap are identical to the
payments flows for hedging via forward contracts (combined with spot
transactions), but the foreign-exchange swap has the advantage over
the forward contract that the counterparty's currency risk is not affected
by the conclusion of a swap. Foreign-exchange swaps therefore have
high liquidity, which supports sound price formation.
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7. Interest-Rate Risk

Danmarks Nationalbank has invested part of the foreign-exchange re-
serve and the portfolio of domestic securities in bonds. In the long run
these investments lead to a higher return than very short-term invest-
ments, since the long-term interest rates are usually higher than the
short-term interest rates. However, the higher expected earnings also
entail additional interest-rate risk.

Bond investments are part of Danmarks Nationalbank's strategy to
achieve a good return and cannot be regarded as part of its role as
monetary authority. Even though a high return is not in itself a vital
objective, Danmarks Nationalbank does seek a higher return on the for-
eign-exchange reserve and the domestic securities portfolio than can be
obtained from money-market investments. However, this must be
achieved within the framework of the role as monetary authority, cf.
Chapter 1.

Danmarks Nationalbank's interest-rate risk is considered on an aggre-
gated basis. At least once a year the Board of Governors sets out an
overall value for the krone duration, i.e. how much the portfolios' mar-
ket value in kroner changes on a shift in the yield curve by 1 percentage
point. In 2003 this value is DKK 2.4 billion. By using an absolute measure,
krone duration, the level of interest-rate risk is independent of the size
of the portfolios, and in principle corresponds to maintaining a fairly
constant duration for the more stable net capital.

HOW DOES DANMARKS NATIONALBANK ASSUME INTEREST-RATE RISK?

By placing part of the foreign-exchange reserve and the portfolio of
domestic securities in bonds, Danmarks Nationalbank assumes interest-
rate risk in the expectation of excess return compared to short-term
money-market investments. Interest-rate risk is the area where Dan-
marks Nationalbank, as a result of its role as financial institution, has
opted to assume the greatest risk, in order to achieve a higher return.
The interest-rate-driven capital gains or losses are therefore consider-
able, cf. Chart 7.1, and Danmarks Nationalbank's earnings are sensitive
to interest-rate developments.

In addition to the interest-rate-driven capital gains or losses, an up-
ward sloping yield curve will also make it possible to achieve a higher
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ESTIMATE OF INTEREST-RATE-DRIVEN CAPITAL GAINS OR LOSSES Chart 7.1
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direct return on long-term rather than short-term investments. The ex-

cess return is illustrated in Chart 7.2
The return on 10-year bonds is partly a current direct return, reflecting

the return with unchanged market conditions, i.e. coupon interest and

EXCESS RETURN ON LONG RATHER THAN SHORT INVESTMENT Chart 7.2

Excess return = Return on e.g. 10-year placement - Money-market return
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Excess return on long rather than short investment

Note: The effect of maturity reduction is also known as the "pull to par" effect and here it comprises the effect from
the yield curve not being flat (roll down). See Appendix C on effects of maturity reduction and Appendix D for a

detailed description of decomposition of return.

Only interest-rate risk is considered, which is reasonable for bullet central-government loans in highly
rated countries. For other types of instruments credit, liquidity and prepayment risks, etc. may be

relevant.



57

capital gains or losses as a result of the reduction of remaining maturity,
and partly capital gains or losses as a consequence of interest-rate de-
velopments. Price changes depend on the bond's exposure to interest-
rate changes and the actual development in interest rates.

When money-market investments are replaced by bond investments,
Danmarks Nationalbank loses the return in the money market, but gains
a return on the bond comprising the direct return as well as any capital
gains or losses resulting from the development in interest rates.

DOES INTEREST-RATE RISK ENTAIL AN EXCESS RETURN?

Normally short-term interest rates are lower than long-term interest
rates. The yield structure is said to be upward sloping. This entails a
higher direct return, reflecting among others the premium on tying up
money for a longer period. Whether an overall excess return is achieved
in the long run when investing in a more long-term bond rather than in
a short-term bank deposit, cannot be determined beforehand. If the
interest rate has increased, the higher direct return on the bond may
have been cancelled by a falling bond price. The steeper the yield curve,
the more the interest rate must increase over the period for the gain to
be cancelled by capital losses. If the bond yield is decreasing, both a cur-
rent gain and a capital gain will be achieved.

The strategy of investing long rather than short can be seen as expec-
tations that interest rates will not increase so much that a higher direct
return is offset by capital losses. An expected excess return is an expecta-
tion that actual interest rates will not increase as much as the implied
forward interest rates would indicate.

The implied forward interest rates are the interest rates that equal the
return on investments for a given period across instruments with differ-
ent maturity. The implied forward interest rates can thus be regarded as
break-even interest rates between various strategies, cf. Box 7.1. For-
ward interest rates reflect many circumstances, e.g. the expectations of
the future interest-rate development and the risk premium on tying up
funds for long periods.

Empirics of excess return on investing long rather than short

Historically, the long-term interest rates have on average been higher
than the short-term interest rates. In other words, over a certain period
a higher direct return could be achieved from investing in long-term
bonds than from investments at variable interest rates, e.g. short-term
bank deposits. In addition, for a long period interest rates have been
falling, cf. Chart 7.3, which has lead to interest-rate-driven capital gains.
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ZERO-COUPON YIELDS AND FORWARD INTEREST RATES Box 7.1

The zero-coupon yield is the yield to maturity on a zero-coupon bond that has only
one payment, the principal, which falls due on maturity. On the basis of the zero-
coupon yields it is possible to determine the implied forward interest rates, i.e. the
interest rates applying between various dates, if the return is to be the same regard-
less of the investment strategy.

The implied forward interest rates are determined on the basis of a break-even ar-
gument. If, for instance, an investment in a 2-year zero-coupon bond must yield the
same return as an investment in two successive 1-year zero-coupon bonds, then this
should hold:

(1) (14+n,)* = (1+n,)*(1+f, )

The relationship is illustrated in the left-hand side of the Chart. n, and n, are respec-
tively the 1-year and 2-year zero-coupon yields today. f, , is the 1-year forward interest
rate in period 2, i.e. the 1-year interest rate to apply in one year’s time if an invest-
ment in a 2-year bond today is to correspond to an investment in a 1-year bond today
with reinvestment in a 1-year bond in one year’s time.

RELATIONSHIP BETWEEN ZERO-COUPON YIELDS AND FORWARD
INTEREST RATES

n, Rate of interest

/ \ Zero-coupon-yield curve

j\ A Forward-interest-rate curve

0 1 2 Maturity

If the 1-year interest rate in one year’s time is expected to be lower than the 1-year
forward interest rate indicates, and these expectations are fulfilled, there will be a
higher yield from investing in the 2-year bond today than from investing in the 1-year
bond today with reinvestment of the funds in a 1-year bond in one year's time.

This can be illustrated via an example. Assume that the 1-year zero-coupon yield is 4
per cent, and the 2-year zero-coupon yield is 5 per cent. The 1-year forward interest
rate for period 2 (f,,) is equal to ((1.05%1.04)-1)= 6.01 per cent.

An investment in the 2-year zero-coupon bond yields a return of ((1.05)*-1)= 10.25
per cent. The yield from investing in two successive 1-year zero-coupon bonds is not
known ex ante, since the 1-year interest rate in one year’s time is not known. If the
implied forward interest rate is realised, the total yield will be 10.25 per cent
((1.04*1.0601)-1), cf. the definition of the forward interest rate. If the 1-year interest
rate in one year's time is 5 per cent, however, the yield will be 9.2 per cent
((1.04*%1.05)-1). In other words, the yield will be lower than on the investment in the
2-year bond, which is also reflected in the fact that the rate of interest has risen less
than the forward interest rate indicated.
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CONTINUED Box 7.1

Even though the 1-year interest rate has increased from 4 per cent to 5 per cent, it
was most worthwhile to invest in the long-term (2-year) bond rather than the short-
term bond (two successive 1-year bonds). This is the case for as long as the interest
rate increases less than the forward interest rate indicates.

The forward-interest-rate structure can be derived for all maturities. For instance,
the 6-year forward interest rate in one year’s time is the equilibrium interest rate that
equals the yield on a 7-year zero-coupon bond with the yield on two successive in-
vestments in a 1-year and a 6-year zero-coupon bond. In this case the forward interest
rate should be viewed against the expectations of the 6-year interest rate in one
year's time.

The relation between the zero-coupon-yield and forward-interest-rate structures is
illustrated on the right-hand side of the Chart. If the zero-coupon yield curve is up-
ward sloping, the forward interest rate will be higher than the zero-coupon yield, and
vice versa. This entails that the forward-interest-rate curve intersects the zero-coupon
rate at its maximum.

Empirical studies show that there is often an excess return related to
interest-rate risk. The relative excess return appears to be highest at the
short end, and the return is volatile." Box 7.2 describes an analysis that

supports this.

10-YEAR GOVERNMENT-BOND YIELDS IN DENMARK, GERMANY

AND THE USA Chart7.3

Per cent
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Source: EcoWin.

See e.g. Fama (1984) and Iimanen (1996A).
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ANALYSIS OF THE GAIN ON ASSUMING INTEREST-RATE RISK Box 7.2

An analysis of US government bonds for the period 1978-September 2001 shows the
reward of a higher return from increasing the duration of the investment and thereby
the interest-rate risk.’

The left-hand side of the Chart shows the excess return on an investment in securi-
ties with different maturities compared to the return on a current 3-month invest-
ment. The excess return is set against the higher duration in relation to a 3-month in-
vestment. By return is meant the total return, i.e. both the direct return and capital
gains/losses.

The longer duration entails a higher interest-rate risk, and the fluctuations in the
excess return increase. This is illustrated on the right-hand side of the Chart, where
the volatility in the excess return is seen in relation to the duration.

EXCESS RETURN IN RELATION TO 3 MONTH INVESTMENT

Excess return in basis points Excess volatility in per cent
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Note: Estimated for the period 1978-September 2001.
Source: Berndsen (2003).

The return increases with the duration, but not linearly, and the relative reward ap-
pears to be highest at the short end where the yield structure is typically steep. How-
ever, the result is greatly influenced by e.g. the period and structural conditions, etc.
In the period under review interest rates were generally falling, which led to interest-
rate-driven capital gains.

' See Berndsen (2003). Iimanen (1996B) reaches a similar conclusion based on US data for the period 1970-94.

It would be incorrect to say that an excess return is systematically always
achieved on long rather than short positions. This depends on several
factors, e.g. the development in interest rates in the period considered,
and the selection of securities, correlations, structural circumstances, etc.
When the yield curve is upward sloping, a higher direct return is still
achievable on long-term positions rather than short-term positions, but
changes in the interest-rate level will influence the level of capital gains
or losses. In view of the current low level of interest rates, capital gains
cannot be expected to the same degree as in the recent long period of
falling interest rates. On the contrary, the higher direct return may be
offset by capital losses as a result of rising interest rates.
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FACTORS DRIVING THE YIELD CURVE Chart 7.4
Shift in level of interest rates  Slope of yield curve Curvature of yield curve
(parallel shift)

Yield Yield Yield

Maturity Maturity Maturity

MEASURING INTEREST-RATE EXPOSURE

As stated above, the return on a bond investment depends on the de-
velopment in interest rates. Several factors drive the yield curve, cf.
Chart 7.4. The general level of interest rates, or the slope of the yield
curve, may change. A third factor is the curvature, which can also vary.
The contribution to earnings from the development in interest rates may
thus be broken down into several factors, cf. also Chapter 13.

By applying a statistical analysis known as a principal-component
analysis, 97 per cent of the variation in the Danish yield curve can be
explained by the three circumstances in Chart 7.4.' The most important
factor affects the general level. This factor, which shifts the entire yield
curve up and down, explains approximately 70 per cent of the change.
The second most important factor affects the steepness of the curve.
This factor, which changes the slope of the yield curve, explains ap-
proximately 23 per cent of the change. Finally, almost 4 per cent of the
change in the yield curve can be explained by a factor affecting its cur-
vature. The analysis of principal component is elaborated on in the An-
nex to this Chapter.

The duration concept

A measure of a bond's exposure to parallel shifts in the yield structure is
the duration, which is an expression of the bond's percentage price
change on a parallel shift in the yield curve. The duration is calculated
using the slope (tangent) at a point on the pricelyield curve. The per-
centage price change on a change in interest rates thus only applies to
marginal changes around the point, unless the price/yield curve is linear.

! The principal components are estimated on the basis of data for the monthly change in Danish zero-
coupon yields in the period February 1987-July 2001, cf. the Annex to this chapter.
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DURATION Box 7.3

The Macauley duration is defined as the percentage change in a bond's price, P, on a
change in the yield to maturity (1+y) by 1 per cent. The Macauley duration is thus an
elasticity, calculated as follows:

dP_ (1+y)

Macauley duration= - ——
d(1+y) P

When calculating the duration a change in the zero-coupon-yield structure is often
applied rather than a change in the yield to maturity. An alternative to the Macauley
duration is the modified duration, which states the percentage change in a bond's
price on a change in either the yield to maturity or the zero-coupon-yield structure by
1 percentage point. Modified duration thus states the relative price change in connec-
tion with an absolute change in yield, whereas the Macauley states the relative price
change on a relative change in yield. Modified duration is calculated as follows:

dpP 1 Macauley durat‘ion>< 1

Modified duration= -~~~ ° _ Verariey BHIGHEN . T
d(1+y)xP 100 T+y 100

Duration and modified duration express price exposure in relation to the funds in-
vested. In the management of Danmarks Nationalbank's portfolios it is of less interest
to relate exposure to the funds invested. Consequently, krone duration, i.e. the in-
vested kroner multiplied by the modified duration, is applied. This states the absolute
price change on a change in the yield to maturity or zero-coupon-yield structure by 1
percentage point. When calculating Danmarks Nationalbank's krone-duration target
a change in the zero-coupon-yield structure, is applied.

The krone duration/100 is also frequently used. This is known as basis point value
(BPV) and is the absolute price change on a change in yield by 1 basis point. It should
be noted that for both the krone duration and BPV, as for modified duration, abso-
lute yield changes are considered. The krone duration is expressed as:

dpP 1 dP P

Krone duration= - ——  x -~ - _ =7y "
d(1+y) 100 d(1+y)xP 100

= Modified duration x P

The more the curve bends, the less precise the scaling of the price expo-
sure to major interest-rate changes will be, cf. also Appendix A to this
book. The duration concept is described in more detail in Box 7.3.

As explained above, most of the variation in the yield curve can be at-
tributed to parallel shifts, and this supports the use of the duration con-
cept. However, the latter does not capture all of the risk factors behind
the yield curve. To take care of this, the interest-rate exposure vis-a-vis
each maturity can be calculated (key-interest-rate duration).
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INTEREST-RATE EXPOSURE BY CURRENCY AND MATURITY, END-2002 Chart 7.5
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Note: The Chart shows capital losses on an increase in interest rates by 1 percentage point in the yield for a given
maturity.
Source: Danmarks Nationalbank.

Key-interest-rate duration

Instead of considering the exposure to changes in the entire yield struc-
ture it may be relevant to consider a portfolio's exposure to interest
rates with different maturities. Applying a shock to the interest rate for
a given maturity, and then calculating the price change resulting from
the shock, calculates such key-interest-rate durations. In connection with
identical interest-rate shocks to all key interest rates, a summary of the
duration of the individual key interest rates will correspond to the ag-
gregate duration in connection with a parallel shift.

The individual key interest rates are correlated to a high degree since
a very large share of their changes can, as stated, be explained by paral-
lel shifts in the yield curve.

Key-interest-rate duration is applied to e.g. Value-at-Risk (VaR) calcu-
lations and stress tests, and in analyses of interest-rate exposure to
"twists" in the yield curve. Chart 7.5 shows Danmarks Nationalbank's
interest-rate exposure broken down by currency and maturity.

DANMARKS NATIONALBANK'S INTEREST-RATE-EXPOSURE TARGETS

Danmarks Nationalbank's interest-rate exposure is considered on an
aggregated basis, and the size of the individual portfolios must not in
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itself affect the level of the interest-rate risk. Consequently the interest-
rate exposure of the foreign-exchange reserve and the portfolio of do-
mestic securities is managed according to a target for the krone dura-
tion, i.e. how much the market value in kroner of the portfolio changes
on a change in the yield curve of 1 percentage point, cf. also Box 7.3.

The duration of the portfolio must thus be adjusted to changes in the
value of the portfolio. For instance, if the value of the foreign-exchange
reserve increases, the average duration must be lowered in order to
keep the krone duration unchanged. The level of the interest-rate expo-
sure is therefore independent of the size of the foreign-exchange re-
serve. In principle this corresponds to maintaining a fairly constant dura-
tion for the more stable net capital.

The size of the foreign-exchange reserve depends on the market con-
ditions. The reserve varies as a consequence of the fixed-exchange-rate
objective. In recent years the value of the foreign-exchange reserve has
increased, and the average duration has fallen accordingly in order to
maintain the interest-rate risk. The level of the krone duration to a high
degree reflects a choice of risk level based on the market conditions and
expectations of the future interest-rate development, cf. below.

MANAGEMENT OF INTEREST-RATE EXPOSURE

The actual interest-rate exposure is a result of decision making on sev-
eral levels. At least once a year an aggregate value is determined for
Danmarks Nationalbank's krone duration on a change in interest rates
of 1 percentage point. In 2003 the value is DKK 2.4 billion. The value is
distributed on respectively the foreign-exchange reserve and the portfo-
lio of domestic securities. These overall values for the krone duration are
known as neutral values and are a strategic choice for Danmarks Na-
tionalbank.

Fluctuation bands are likewise determined for the neutral values, i.e.
the maximum deviation of the krone duration from the neutral value.
The krone duration may typically deviate by up to 20 per cent from the
neutral value. If interest-rate expectations change significantly, the neu-
tral value must be changed.

The neutral values and fluctuation bands are determined on the basis
of an assessment of Danmarks Nationalbank's total financial risks and
reflect a long-term trade-off between risk and return. VaR calculations
and stress tests are part of the assessment, but there are no explicit tar-
gets for these.

The decision is evaluated every quarter, and it is possible to change
the strategic framework during the year. This flexibility is important,
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DISTRIBUTION OF KRONE DURATION Chart 7.6
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since interest-rate expectations are not stationary, and the timing of a
strategic shift is important.

The total neutral krone duration of the foreign-exchange reserve is
distributed on the financial markets in the euro area, the USA, the UK
and Sweden. The choice of country is based for example on an assess-
ment of the markets' liquidity, the accessibility of market information,
and the macroeconomic conditions. The distribution on several countries
is primarily designed to spread the risk of capital losses if interest rates
increases. The various financial markets do tend to show a degree of co-
variation, but this co-variation is not perfect, so that the risk of capital
losses is reduced when the interest-rate exposure and positions are
spread on several markets.' Finally, the krone duration for the individual
countries is distributed on the yield curve. The distribution of the krone
duration is illustrated in Chart 7.6.

Most of Danmarks Nationalbank's interest-rate exposure relates to the
bond holdings in the foreign-exchange reserve and the portfolio of do-
mestic securities. In addition, the interest-rate exposure is influenced to
a minor degree by a number of business areas, including outstandings
with Danish Ship Finance, cf. Appendix B. Table 7.1 shows Danmarks
Nationalbank's aggregate interest-rate exposure by currency.

Using forward contracts makes it possible to assume interest-rate risk for the various markets without
assuming the concurrent currency risk, cf. Chapter 6.
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DANMARKS NATIONALBANK'S AGGREGATE INTEREST-RATE EXPOSURE Table 7.1
Capital loss in DKK billion on a general increase in interest rates End-2002

by 1 percentage point

Q0] =] USSP UPRP PPN 0.7

Euro 0.6

Pounds sterling 0.1

usD 0.6

Swedish kronor 0.2

Total 2.2

Note: The Table shows the actual krone duration for Danmarks Nationalbank's aggregate interest-rate exposure, i.e.
for the foreign-exchange reserve, the portfolio of domestic securities, Danish Ship Finance schemes, the banks'
net position, etc.

Source: Danmarks Nationalbank, Report and Accounts, 2002.

MANAGEMENT OF INTEREST-RATE EXPOSURE ON THE FOREIGN-
EXCHANGE RESERVE

Appropriate diversification of the risk is achieved by spreading the for-
eign-exchange reserve on various financial markets (countries), and by
spreading the investment in individual financial markets on different
maturities on the yield curve. This is reflected in the benchmark struc-
ture for the foreign-exchange reserve.

Choice of benchmark

A benchmark portfolio is a fictive portfolio created to be a reference
portfolio with which the actual portfolio can be compared. The choice
of benchmark reflects Danmarks Nationalbank's risk profile.

Danmarks Nationalbank has constructed its own benchmark portfolio
for the foreign-exchange reserve. An alternative option would be to
apply an index from one of the large investment banks, e.g. a market-
weighted index. This would be time-saving, but also entail a number of
drawbacks. There would not be the same possibility of tailoring the
benchmark to Danmarks Nationalbank’s chosen investment strategy and
there would be a lack of transparency regarding the structure of the
index. Finally, it would limit the opportunities to analyse and decompose
return and performance, cf. Chapter 13. Another alternative consists of
combining a number of indices from the investment banks so that the
combined index reflects Danmarks Nationalbank's required risk expo-
sure. However, this requires considerably more work than using a mar-
ket-weighted index, and there would still be problems with transpar-
ency and the possibilities of decomposition of the combined benchmark.
Therefore Danmarks Nationalbank has opted for its own benchmark
that allows for a more active choice of where to invest the foreign-
exchange reserve. In addition, a self-developed benchmark provides
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greater flexibility since its components can be changed, e.g. the distribu-
tion over the yield curve, the selection of individual securities in the
benchmark, and current rebalancing to ensure a fixed krone duration.

Distribution of the foreign-exchange reserve on the yield curve

For the chosen level of krone duration an appropriate risk diversification
is sought. This is primarily achieved by spreading the foreign-exchange
reserve on different financial markets. Moreover, the investments in the
individual financial markets are distributed on various maturities over
the yield curve." The distribution by maturity constitutes the overall
structure of the benchmark for investments in the individual financial
markets. The distribution of the interest-rate risk by maturity serves sev-
eral purposes, including diversifying the interest-rate risk, return and
investment options, and simplifying day-to-day administration. It is diffi-
cult to determine "optimum®" distributions of krone duration over the
yield curve that ensure the optimal return/risk combination. Therefore a
pragmatic approach has been taken, whereby in principle the krone
duration is distributed evenly across the yield curve. Danmarks National-
bank thus has equal exposure across the entire yield curve from 0 to 10
years.

The specific benchmark is hereafter found by attributing market val-
ues to specific bonds and money-market investments in the selected
maturities, so that the total market value of these securities corresponds
to the size of the foreign-exchange reserve. The choice of securities re-
flects intervention and liquidity considerations. These are met in the
bond market by selecting liquid government bonds as benchmark in-
struments. In the money market, short-term bank deposits can be re-
leased immediately for intervention, and are therefore included in the
benchmark. The securities structure of the benchmark takes into account
that the money-market investments may not exceed credit lines. This can
be achieved by using many different bank deposits as money-market
instruments. For practical reasons, however, only bank deposits at the
Bank for International Settlements (BIS) are applied as a money-market
instrument in the benchmark for all portfolios, since BIS has been allo-
cated a sufficiently high credit line.” The yield on deposits at BIS is lower
than in the money market, which should be taken into account when
assessing performance.

' A smaller part of the foreign-exchange reserve is invested in gold and SDR. Gold can be lent for a
maximum period of 6 months. SDR are remunerated by the IMF with a 3-month interest rate. Be-
cause of the short duration and the modest size of these holdings the contribution to the overall in-
terest-rate risk from these holdings is limited.

Deposits with BIS entail smaller credit risks than deposits with commercial banks, therefore the BIS
deposits have a relatively high credit line, see Box 10.3 in Chapter 10 on credit risk.
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EXAMPLE OF HOW THE DISTRIBUTION OF KRONE DURATION AFFECTS THE

DISTRIBUTION OF MARKET VALUE BY MATURITY Chart 7.7
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Note: The size of money-market investments varies from day-to-day. On the day shown in the example money-market
investments amount to DKK 35 billion.
Source: Danmarks Nationalbank.

For each of the four main currencies (euro, US dollar, pound sterling and
Swedish kronor) the krone duration is distributed on maturities ranging
from 0 to 10 years. The maturities are divided into 1-year buckets, and
each bucket is assigned a proportion of the total krone duration. The
market value in a given bucket is calculated as the krone duration di-
vided by the modified duration. Remaining funds are invested as bank
deposits at variable interest rates.

Chart 7.7 illustrates the relation between market value and krone du-
ration. The krone duration is identical for each of the 10 maturity buck-
ets, i.e. equal distribution. For longer maturities the duration of a bond
will be higher, all other things being equal, and the market value that
achieves a given krone duration will therefore be lower. In view of the
equal distribution of the krone duration the market value declines with
maturity. The market value of the money-market investments comprises
the difference between the total investments and the bond investments.

The total investment in each currency is determined so as to achieve a
suitable level for the money-market investments. For the pound sterling
and the Swedish kronor this means that there are sufficient funds to
take positions along the yield curve, while the money-market invest-
ments are held at a very low level. For the US dollar, a slightly higher
level for the money-market investments has been chosen, since the US
dollar is readily available as an intervention currency.



69

The liquidity reserve requires a certain level of money-market invest-
ments in euro. Typically, interventions will only result in movements in
these investments. If the money-market investments in euro decrease
below a desirable level, they may be augmented by e.g. changing the
maturity distribution of the krone duration, cf. Chapter 9 on liquidity
management. Likewise it is possible to reduce the money-market in-
vestments if these are assessed to be too high. A high level of money-
market investments is not always deemed appropriate, since it entails an
increase in the credit risk, cf. Chapter 10.

Taking positions

On the basis of the neutral values and the fluctuation bands, tactical
margins for the krone duration of the foreign-exchange reserve are de-
termined on a monthly basis. These margins narrow the fluctuation
bands around the neutral values.

The tactical margins reflect the expected development in interest rates
in the various financial markets in the near future. If interest rates are
expected to fall, the tactical margins are set at the upper end of the
neutral fluctuation band, i.e. the krone duration of the portfolio is in-
creased to achieve a higher capital gain in the event of falling interest
rates.

Within these tactical margins, actual positions are taken on the basis
of the expected development in interest rates in the short term. The
actual krone duration in the various financial markets thus deviates from
the neutral values within the margins that are set.

The decision-making process and the margins for Danmarks National-
bank's interest-rate exposure via the foreign-exchange reserve are sum-
marised in Chart 7.8. The blue curve indicates the neutral value for the
krone duration, while the yellow curves indicate the upper and lower
fluctuation bands. The Board of Governors decides these strategic mar-
gins. The maroon curve indicates the tactical position with equivalent
fluctuation bands (green curves). Finally, is shown the actual position
(brown curve), which can entail both greater and smaller krone duration
than the neutral level and the tactical position, as the Chart shows.'

MANAGEMENT OF INTEREST-RATE EXPOSURE ON THE PORTFOLIO OF
DOMESTIC SECURITIES

No tactical limits are determined for the domestic securities portfolio, so
that actual positions are taken within the strategic framework. A

1 . ) . . . .
Management of interest-rate risk on the foreign-exchange reserve is also described in Jensen (2001).
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EXAMPLE OF DECISION CONCERNING INTEREST-RATE POSITION IN THE
FOREIGN-EXCHANGE RESERVE Chart 7.8
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Source: Danmarks Nationalbank.

benchmark and performance measurement are currently being pre-
pared.

Callable bonds in the domestic securities portfolio

Most of the domestic securities portfolio is invested in government
bonds and mortgage-credit bonds, the latter distributed as 2/3 uncalla-
ble and 1/3 callable bonds.

A callable bond can be considered to be a purchased uncallable bond
and a sold option entitling the borrower to redeem the loan at par
value. This makes it difficult for the price of a callable bond to increase
very much above par, resulting in negative convexity between price and
yield. The interest-rate exposure of the bond is thus closely linked to the
level of interest rates compared to the coupon yield on the bond. Call-
able mortgage-credit bonds are described in further detail in Appendix
A

The bond thus not only entails interest-rate, credit and liquidity risk,
but also a prepayment risk, i.e. a risk that the borrower redeems a bond
at a yield that is high compared to the market level, so that the funds
must be reinvested at a lower yield. This risk must be compensated for.
The trade-off between expected return and risk is based on option-
adjusted key figures, where the price of the call option is estimated and
incorporated in the key figures.
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KRONE DURATION OF THE PORTFOLIO OF DOMESTIC SECURITIES ON
CHANGES IN INTEREST RATES Chart 7.9
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Source: Danmarks Nationalbank.

Convexity margin

When interest rates are falling, high-coupon callable bonds will be sub-
ject to a "prepayment risk", and their duration will decrease due to the
negative convexity. This means that on a drop in interest rates it may be
necessary to purchase duration, i.e. purchase at higher bond prices. In
order to limit the prepayment risk, the exposure to changes in interest
rates of the krone duration on the domestic securities portfolio is subject
to a ceiling. This is known as a convexity limit and indicates that the
krone duration may not change by more than DKK 100 million on a
change in the yield curve by 50 basis points.

Chart 7.9 shows changes in the krone duration of the portfolio of se-
curities for interest-rate changes on two given days. The krone duration
at the zero point was DKK 895 million on 19 September 2003. On 1 July
2002 the krone duration was higher, and an increase in interest rates on
1 July 2002 would thus have entailed a higher capital loss than on 19
September 2003. In other words, the interest-rate exposure has been
reduced.

It is also seen that the interest-rate exposure has become less sensitive
to changes in interest rates. On an increase in interest rates by 1 per-
centage point, the krone duration on 19 September 2003 would have
increased from DKK 895 million to DKK 976 million, while the krone
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duration on 1 July 2002 would have increased from DKK 1,150 million to
DKK 1,381 million.

One reason that the krone duration has become less sensitive to
changes in interest rates is that there were fewer callable mortgage-
credit bonds in the portfolio of domestic securities in September 2003
than in the summer of 2002."

Option to use euro futures

It is the aim of Danmarks Nationalbank that the management of the
portfolio of domestic securities does not influence the Danish bond
market. This means that in situations where the development in interest
rates has led to a significant increase in the demand for/supply of dura-
tion in the bond market, it is possible to purchase/sell duration tempo-
rarily via euro futures, a liquid market that is not affected by Danmarks
Nationalbank's transactions.

In this way the overall duration is kept unchanged. The purchased/sold
duration of the euro portfolio is only temporary up to the expiry of the
futures contract. Since this is a contingency arrangement, euro futures
are only used in this way under very exceptional circumstances.

! The portfolio of domestic securities and its management are described in further detail in Jayaswal
(2003).
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ANNEX: ANALYSIS OF PRINCIPAL COMPONENT

The idea behind an analysis of principal component is to determine the
direction of a data set. A data set with observations for e.g. two vari-
ables may be presented as dots in a two-dimensional coordinate system.
An example is given in Chart 7.10 where the dots show the relation be-
tween the monthly change in a 1-year yield and a 5-year yield during
the period from February 1987 to July 2001. It is seen that the dots form
an oblong cloud stretching from south-west to north-east. This indicates
that small (large) changes in the 1-year yield are often accompanied by
small (large) changes in the 5-year yield.

A principal-component analysis of the aforementioned data set is a
formalised means of determining the direction of the cloud or the pre-
vailing direction of the data set. This direction is also known as the data
set's first principal component. The result is often presented as a vector
with a length of 1. In Chart 7.10, the vector is called PC1. The vector
points in the direction (-0.765;-0.644), indicating that the 5-year yield
falls by 0.644/0.765 = 0.84 percentage point whenever the 1-year yield
decreases by 1 percentage point. The direction of the vector is of no
consequence and might just as well have been north-east as south-west.
What is important is the slope of the vector. The fact that the 1-year and
5-year yields change by almost as much is equivalent to PC1 representing
a movement that relates to the general level of interest rates.

In Chart 7.10 a vector called PC2 has also been drawn. PC2 points in
the direction (0.644;-0.765) and is thus perpendicular to PC1, i.e. it does
not explain the same as can be explained by PC1. In the direction of PC2
the 5-year yield will move by -0.765/0.644 = -1.19 percentage point
whenever the 1-year yield increases by 1 percentage point. A decrease in
the 5-year yield on an increase in the 1-year yield corresponds to a
change in the slope of the yield curve, i.e. PC2 represents a movement
that relates first and foremost to the steepness of the yield curve.

In data sets with more than two variables the direction of PC2 is given
as the prevailing direction in the data set subject to the restriction that
the direction is perpendicular to PC1. PC2 can therefore be said to be the
second most important direction of the data set, and PC2 is therefore
also called the second principal component.

As a general rule, there are just as many principal components as there
are variables, but with diminishing explanatory power. The i'th principal
component expresses the prevailing movement in the data set subject to
the restriction that the movement is perpendicular to the principal com-
ponents 1,...,i-1, i.e. those that are "better".
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RELATION BETWEEN 1-YEAR AND 5-YEAR YIELDS (MONTHLY CHANGES IN

PERCENTAGE POINTS) Chart 7.10
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Source: Danmarks Nationalbank.

If a third yield is included in the analysis, e.g. the 2-year yield, a third
principal component is obtained, typically a curvature effect. In this
analysis PC1 explains 70 per cent, PC2 23 per cent and PC3 4 per cent of
the variation in the yield curve.

The interesting aspect of the analysis is that the first three principal
components explain most of the variation in the yields (97 per cent),
even though many yields are included. Another robust result is that PC1
is mainly a level factor, while PC2 is mainly a steepness factor, and PC3 a
curvature factor, cf. the three factors in Chart 7.4.
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8. Measuring Market Risk

The last 10-15 years have seen considerable development of the meth-
odology for measuring the risks to which financial corporations are sub-
ject. This applies especially to measuring market risk, due to the typical
availability of substantial data, such as the historical volatility in market
prices that can be used to estimate their future volatility.

Danmarks Nationalbank quantifies the market risk as Value-at-Risk
(VaR), which can be interpreted as the maximum loss under normal mar-
ket conditions, and as the loss in stress scenarios, i.e. the loss under ex-
treme market conditions. Both risk measures combine Danmarks Nation-
albank's financial positions with scenarios for the volatility in the risk
factors within a certain time horizon. On the basis of VaR calculations
Danmarks Nationalbank's capital loss is estimated with a probability of
95 per cent not to exceed DKK 3-4 billion for a horizon of one year. The
losses may be far greater under extreme market conditions, but do not
in any way jeopardise Danmarks Nationalbank's net capital.

The VaR measure combines the financial positions at a given time with
an estimate of the typical volatility in the risk factors. This estimate takes
into account the correlation in the risk factors, thereby capturing the
diversification gain. The diversification gain is due to the fact that losses
on all risk factors hardly ever appear at the same time.

The stress tests combine the financial positions with volatility in the
risk factors, but in this case the focus is solely on very poor scenarios for
the risk factors. Furthermore, the correlation in the risk factors is not
necessarily included. The stress tests are to determine the loss on the
collapse of the normal market conditions.

VALUE-AT-RISK

The prevalent measure of market risk is Value-at-Risk (VaR). It estimates
the financial loss that with a high probability will not be exceeded over
a given time horizon. In other words, VaR measures the financial loss
that will be exceeded in rare cases. Loosely interpreted, VaR measures
the maximum loss under normal market conditions. VaR thus does not
capture the loss when the volatility in market prices is unusually high.
The VaR concept is illustrated in Chart 8.1 that shows the expected distri-
bution of the return on a portfolio. On the basis of this distribution the loss
in kroner (or another currency) that can only be expected to be exceeded in



78

DISTRIBUTION OF RETURN ON A PORTFOLIO Chart 8.1
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Note: Distribution of 1,000 observations extracted from a normal distribution.
Source: Danmarks Nationalbank.

e.g. 1 per cent of the cases can be found. This corresponds to determining
the 1st percentile in the distribution. The result is called VaR calculated with
a probability of 99 per cent, since there is a 99 per cent probability of the
return not falling below the calculated figure. A lower probability level
could also be selected, e.g. 95 per cent. VaR will then measure the loss ex-
pected to be exceeded in 5 per cent of the cases. This figure will be numeri-
cally lower than VaR calculated with a probability of 99 per cent.

Elements of the calculation of Value-at-Risk
A number of factors should be taken into account when calculating VaR,
especially the horizon and the desired probability for the VaR figure.
The applied horizon should depend on the purpose of the calculation.
A horizon of 1 day may be relevant for an institution that is able and
willing to settle its positions on an intra-day basis. A longer horizon is
relevant for other institutions that require a longer period to settle their
positions. VaR may also be applied to portfolio decisions of a more stra-
tegic nature. A longer horizon, e.g. one year, may also be relevant in
such cases.
VaR is often calculated first for a short horizon and then scaled to a
longer horizon. Scaling is achieved by the square-root formula." The

For a time sequence consisting of independent and identically distributed variables the standard
deviation over h periods will be h'* times the standard deviation in one period. The square-root for-
mula can be inaccurate if the observations are not independent and identically distributed. See e.g.
Christoffersen, Diebold and Schuermann, 1998.
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formula is exact for time series consisting of independent, identically
distributed variables. This assumption rarely applies in practice, since the
market prices now and then show extreme values, often in "clusters".
Scaling the calculated VaR using the square-root formula will therefore
add an extra element of inaccuracy to the calculations.

There is no "correct" level for the probability applied, but VaR is usu-
ally reported with a probability of 95 or 99 per cent. The argument in
favour of 95 per cent is that larger losses must be expected from time to
time. This makes it possible to assess whether the calculated VaR is rea-
sonable in relation to the actual losses. The argument in favour of 99 per
cent is that larger losses can only be expected in very rare cases. The
calculated VaR can thus be regarded as an upper limit for losses (with a
probability of 99 per cent).

In general, the calculation of VaR for a portfolio will be based on iden-
tification of the financial risk factors affecting the portfolio. In principle,
these risk factors may comprise all financial risks, including credit risk,
but VaR will normally comprise only market risk. The risk factors are
therefore typically stock prices, exchange rates, interest rates and com-
modity prices. Once the risk factors have been identified, it is possible to
determine the portfolio's exposure to changes in the risk factors. The
next step is to create scenarios for the risk factors as their expected dis-
tribution, including their correlation, for the selected horizon. Combin-
ing these distributions with the exposures of the portfolio allows for the
determination of an expected distribution of the return on the portfo-
lio. VaR can then be determined at e.g. the 5th percentile. Box 8.1 shows
an example of estimation of VaR in Danish kroner on a portfolio of US
government bonds.

The expected distribution of the risk factors plays a crucial role in the
calculation of VaR. The distribution can be determined in several ways. A
basic distinction is made between simulation and analytical methods. In
the simulation methods the distribution of the risk factors is created on
the basis of a number of observations for the risk factors. This can be the
actual historical observations (historical simulation) or observations gen-
erated by Monte Carlo simulation. In an analytical method, the risk fac-
tors are assumed to follow a distribution function based on parameters.
In most cases, a multidimensional normal distribution is applied with
parameters in the form of spreads and correlations estimated on histori-
cal data.
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EXAMPLE OF VALUE-AT-RISK (VaR) ESTIMATION Box 8.1

As an example of a VaR estimation a Danish investor's portfolio of 10-year US gov-
ernment zero-coupon securities with a nominal value totalling USD 1 million is con-
sidered. With a horizon of one day and a probability of 95 per cent the task is to cal-
culate the loss in Danish kroner that is only exceeded in 5 per cent of the cases, or in
one out of 20 days.

For the Danish investor the portfolio implies two sets of risk factors, i.e. the USD ex-
change rate and the US interest rates for a maturity of up to 10 years. The portfolio's
exposure to the risk factors follows from the theoretical market value at time t writ-
ten as DKK MV, = e, x (1+y,)" million. In this calculation e, is the USD exchange rate
measured as DKK per USD, and y, is the 10-year US zero-coupon yield. At end-2002,
the market value of the portfolio was DKK 7.07 x (1.040) "° = DKK 4.8 million.

Historical VaR is calculated by first calculating the daily returns MV, - MV,, = e, x
(1+y)"° - e, x (1+y,,) °over a historical period. The 5 per cent poorest observations are
then excluded, and VaR is the worst observation among the remainder. The daily re-
turns during 2002 can be taken as example. The bars in the Chart below show the dis-
tribution of the 260 observations in total. The Chart shows that on certain days the
market value fell by more than DKK 100,000. However, the VaR calculation should dis-
regard the 0.05 x 260 = 13 worst observations. On the basis of the Chart, the historical
VaR of the portfolio can thus be estimated at approximately DKK 75,000.

Continued

There are advantages and drawbacks to the various methods of deter-
mining the distribution of the risk factors. A general drawback of as-
sumption of normal distribution is that in practice the distribution of the
volatility in stock prices, exchange rates, commodity prices and interest
rates shows "fatter tails", i.e. more extreme observations, than normally
distributed elements. The normal distribution assumption thus often
leads to a smaller VaR than that calculated by deploying distribution
assumptions that can more accurately capture large fluctuations in the
risk factors.

A common feature of the various methods to determine the distribu-
tion of the risk factors is that they all to one extent include historical
information. Irrespective of method, the validity of the calculated VaR
will therefore be conditional on the distribution of risk factors having
relatively constant characteristics over time. In practice, this rarely ap-
plies over long horizons. Estimation of VaR for a longer horizon should
take into account that the distribution of the risk factors changes over
time. This could be taken into account using statistical or structural
methods that include expectations of macroeconomic factors, including
fiscal-policy and monetary-policy conditions.
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CONTINUED Box 8.1

EXAMPLE OF VALUE AT RISK ESTIMATION
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The calculation of analytical VaR utilises the fact that the return on the portfolio can
be written as approximately (MV-MV, )MV, = (e-e.)e,, — 10 x (y,-y,,). This gives a
linear correlation between the relative return and the risk factors. Assuming that the
relative change in the USD rate and the absolute change in the interest-rate level are
subject to normal distribution, the normal distribution also applies to the relative re-
turn on the portfolio subject to a variance of VaR (MV.-MV, )/MV,,) = Var((e-e,,)e, ) +
10° x Var(yy,.,) - 2 x 10 x Cov((e-e,)e, .y y..)- A normally distributed element fur-
thermore leads to the result that the 5th percentile is given by 1.65 times the spread.
The estimated co-variation matrix for the risk factors derived from the day-to-day
volatility during 2002 allows the spread on the relative daily return to be estimated at
0.85 per cent. A portfolio of DKK 4.7 million entails a VaR of DKK 0.85/100 x 4.7 x 1.65
= DKK 0.066 million = DKK 66,000.

The analytical VaR is smaller than the historical VaR. The reason is that the left-
hand tail is thicker for the risk factors and thereby the return on the portfolio than
for the normal distribution. The Chart illustrates this as a somewhat larger actual loss
on individual days in 2002 than would have been the case with the normal distribu-
tion.

ESTIMATION OF DANMARKS NATIONALBANK'S VALUE-AT-RISK

Danmarks Nationalbank estimates Value-at-Risk by both an analytical
method on the basis of market data for a short period, and by using
historical simulation on the basis of market data over a large number of
years. In both cases, a probability of 95 per cent and a horizon of one
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year are applied. A VaR with a one-year horizon is used in the annual
determination of the overall risk level for Danmarks Nationalbank's po-
sitions.

Analytical Value-at-Risk

The estimation of analytical VaR is based on daily observations. The
volatility in the positions' underlying risk factors is assumed to follow a
multidimensional normal distribution of which the parameters are esti-
mated on the basis of observations for the preceding 160 days.

The length of the historical period should be viewed in the light of the
application of decaying weights to the historical observations. The latest
observation is thus weighted at 100 per cent, while observations one
month back in time are weighted at only 50 per cent. Observations more
than 2%2 months back are weighted at very small ratios. With this
weighting profile, a longer historical period will only marginally affect
the VaR estimate. The weighting profile is shown in Chart 8.2.

The rationale for applying decaying weights to the historical market
observations is that volatility changes over time, and that the volatility
in the near future often resembles the volatility in the immediate past.

The weighting of the historical observations, as well as the length of
the estimation period can have a major impact on the estimated VaR. A
combination of very rapidly decaying weights and a very short estima-

WEIGHTING OF HISTORICAL OBSERVATIONS IN THE CALCULATION OF
VALUE-AT-RISK Chart 8.2
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Note: Weighting of historical observations in the calculation of VaR on day t with a decay factor of 0.97.
Source: Danmarks Nationalbank.
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DANMARKS NATIONALBANK'S VALUE-AT-RISK, END-DECEMBER 2002 Table 8.1
DKK billion VaR VaR excl. DKK/EUR risk
Interest-rate risk .......ccccveveininiiniiniseceeee 2.9 2.9
Currency risk ......ccoceeieeenne 0.9 0.9

Risk vis-a-vis gold price 1.2 1.2
Diversification gain ......ccccccevevcenenceicreenen. -1.8 -1.8

TOtal o 3.2 3.2

Note:  Analytical VaR with a horizon of one year and a probability of 95 per cent. The distribution of the risk factors is
estimated on the basis of 160 previous daily observations included with a decaying weight.
Sources: RiskMetrics Group and own calculations.

tion period may entail large variations in the estimated VaR over time.
Correspondingly, the combination of unchanged weighting and a long
estimation period will support stable development in the estimated VaR.
In this case changes in market conditions will, however, only slowly be
reflected in the estimated VaR, which could be undesirable.

Calculating VaR by the above method yields a total VaR of DKK 3.2 bil-
lion at end-December 2002, cf. Table 8.1. With a probability of 95 per
cent Danmarks Nationalbank's financial losses will thus not exceed DKK
3.2 billion in one year. This loss is equivalent to 7 per cent of the net
capital at end-2002.

Danmarks Nationalbank is first and foremost exposed to interest-rate
volatility. In isolated terms, the interest-rate volatility accounts for a VaR
of DKK 2.9 billion, which is close to the total VaR.

Exchange-rate volatility seen in isolation accounts for a VaR of more
than DKK 0.9 billion. This is a modest amount in terms of the overall
foreign-exchange reserve. The small currency risk is related to the
krone's stability vis-a-vis the euro and to the fact that most of the ex-
change-rate exposure is in euro.

In isolated terms Danmarks Nationalbank's gold holding accounts for a
VaR of DKK 1.2 billion. This is a rather large amount compared to the
size of the gold holding. The reason is the high volatility in the gold
price. However, the gold also helps to reduce Danmarks Nationalbank's
risk by diversifying the positions. An example is that the total VaR is only
reduced by DKK 0.3 billion when the gold holding is excluded from the
VaR calculation.

As Table 8.1 shows, the sum of the contributions from the individual
groups of risk factors — interest rates, exchange rates and the gold price
— exceeds the total VaR by DKK 1.8 billion. In other words, VaR is re-
duced by DKK 1.8 billion when all of the risk factors are taken into ac-
count at once. This reduction, also known as the diversification gain, is
attributable to the fact that losses are seldom incurred on all risk factors
simultaneously.
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In view of the fixed-exchange-rate policy the DKK/EUR risk is not a tradi-
tional market risk. The fixed-exchange-rate policy implies that the risk,
despite small day-to-day volatility, is actually very small, also over a
longer horizon. Furthermore, Danmarks Nationalbank has not only the
opportunity, but also the obligation, to influence the development in
the krone's rate vis-a-vis the euro. Against this background, it is also
relevant to calculate VaR excluding the risk of volatility in the DKK/EUR
exchange rate. The result is shown in Table 8.1. It appears that excluding
this risk has only an insignificant effect on VaR at end-2002. This is at-
tributable to the krone's stability vis-a-vis the euro.

One problem in relation to the calculation of Danmarks National-
bank's VaR by the analytical method concerns the horizon of the VaR
estimate. Although Danmarks Nationalbank wishes to assess the risk of
losses one year ahead, the risk is assessed against the background of
the immediate past. In other words, the risk is assessed on the basis of
historical data for a significantly shorter period than the horizon for
the VaR estimate. Another issue is that in principle VaR is calculated
for a horizon of one day, and then scaled to one year. This aggrega-
tion is only exact when subject to assumptions that do not apply in
practice.

Historical Value-at-Risk

In order to examine the significance of and resolve some of the issues
associated with the calculation of analytical VaR, VaR is also calculated
by historical simulation on the basis of monthly observations for an ex-
tended period. The calculation combines the historical monthly volatility
in interest rates, exchange rates and the gold price with the exposure of
the positions vis-a-vis the various risk factors on a given date. Chart 8.3
shows the result of a calculation as of end-December 2002.

Interest-rate and exchange-rate observations for the period 1991-2002
lead to 143 monthly returns that are sorted by size and scaled to annual
level. The square-root formula is again used to scale to annual level.
However, the scaling is less massive than for the calculation of VaR on a
daily basis. The 5th percentile in the resulting distribution (equivalent to
the 7th largest loss) constitutes the historical VaR at a probability level
of 95 per cent for a horizon of one year. This loss is around DKK 4 bil-
lion, cf. Chart 8.3.

In this case the historical VaR is greater than the analytical VaR. One
explanation is that the return on Danmarks Nationalbank's portfolio
becomes very negative in certain months when actual volatility in mar-
ket prices is applied over a long period. In Chart 8.3 this is illustrated by
the "fat" left-hand tail of the return distribution.
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DISTRIBUTION OF HISTORICAL RETURNS ON DANMARKS
NATIONALBANK'S PORTFOLIO Chart 8.3
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Note: 143 monthly returns for the period February 1991-December 2002 on positions at end-December 2002. The
returns are scaled to annual levels.
Source: Danmarks Nationalbank.

One weakness of historical VaR calculated for a long period is that it
does not fully capture structural volatility shifts or correlations over
time. Trends in interest and exchange rates 5-10 years back, including
observations from the crises at the beginning of the 1990s, are regarded
as a just as representative indication of the future developments as the
development over the past year.

STRESS TESTS

Value-at-Risk does not provide information on the extent of the losses
to Danmarks Nationalbank in extremely negative conditions. Experience
shows that the actual loss may far exceed the loss calculated using VaR.
The VaR analysis should therefore always be supplemented with other
risk measures, including stress tests.

Stress scenarios are calculation examples whereby the consequence of
an extreme market development is investigated. Naturally, the results of
stress scenarios depend on the degree of stress applied. The scenarios
must be extreme, while still appearing realistic.

The approach taken here is to consider the historical development in
interest and exchange rates in the period 1991-2002, and to identify
particularly unfavourable periods. On the basis of the portfolio composi-
tion at end-2002 the estimated loss to Danmarks Nationalbank is calcu-
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DANMARKS NATIONALBANK'S LOSSES IN STRESS SCENARIOS, END-2002 Table 8.2

Interest-rate| Currency

DKK billion loss loss Gold loss Total

Greatest total interest and exchange-rate

[OSSES eeereeeeieee et et e e e e e e 2.9 8.3 -0.2 11.0
Greatest total interest-rate loss combined
with the greatest total exchange-rate loss ...... 5.3 8.3 1.2 14.7

Greatest interest-rate loss in 1-year segments
in each currency combined with the greatest
exchange-rate loss in each currency ................. 6.3 8.7 1.2 16.2

Note: The greatest total interest and exchange-rate losses occurred in the 12-month period from September 1993 to
August 1994. In this period, the gold holding yielded a capital gain of DKK 200 million.
Source: Danmarks Nationalbank.

lated in the event of an identical development. Three scenarios have

been specified:

e The annual period which would give the greatest total interest-rate
and exchange-rate losses.

e The annual period, which would give the greatest total interest-rate
loss, combined with the annual period, which would give the greatest
total exchange-rate loss. The losses do not have to be concurrent.

e The annual period which for each one-year maturity segment in each
currency would give the greatest interest-rate loss, combined with the
annual period, which for each currency would give the greatest ex-
change-rate loss. The losses do not have to be concurrent.

EXCHANGE RATE OF THE KRONE VIS-A-VIS THE EURO Chart 8.4
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The three scenarios result in total capital losses of DKK 11-16 billion, cf.
Table 8.2. The greatest loss is a result of a general increase in interest
rates by 2-3 percentage points, combined with a strengthening of the
krone by approximately 4 per cent.

Like the VaR calculations, the stress scenarios are affected by the
DKK/EUR risk, and especially by the gradual strengthening of the krone
after its weakening in August 1993, cf. Chart 8.4. If this factor is disre-
garded, the loss is considerably lower.

APPLICATION OF DANMARKS NATIONALBANK'S RISK MEASURES

Danmarks Nationalbank's net capital was approximately DKK 50 billion
at end-2002, and its core earnings are approximately DKK 3 billion per
year, cf. Chapter 2. Danmarks Nationalbank's credit risk is considered to
be very modest. Against this background, a probable maximum loss of
DKK 3-4 billion in the course of one year appears acceptable to Dan-
marks Nationalbank.

The stress scenarios result in major losses, but do not pose a serious
threat to Danmarks Nationalbank's net capital. In the most extreme of
the scenarios described, approximately one third of Danmarks National-
bank's net capital is lost. For comparison, in 1994, when Danmarks Na-
tionalbank's exposure to the US dollar was considerably greater than
today, the capital loss amounted to 30 per cent of the net capital.

Danmarks Nationalbank's market risk is managed within the frame-
work for the interest-rate and exchange-rate exposure, cf. Chapters 5, 6
and 7. No explicit targets apply to VaR or to the losses in stress scenarios,
but these elements are taken into account in the Board of Governors'
decision on the overall framework for the interest-rate and exchange-
rate exposure.

The market risk is reported to the Board of Governors on an ongoing
basis. Analytical VaR is reported on a monthly basis together with a
statement of Danmarks Nationalbank's overall interest-rate and ex-
change-rate exposure. Table 8.3 presents an example of a table from the
monthly report. Historical VaR for an extended period and stress tests
are compiled on an annual basis.

Danmarks Nationalbank's market risk is published in its annual Report
and Accounts.
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DANMARKS NATIONALBANK'S MARKET EXPOSURE, END-2002 Table 8.3
Foreign-exchange
reserve iolr't_
U9 | central-|Banks’ ., |Bank-
Port- of Danish
. govern-| net . notes
folio dom- . | Ship Total
estic | Ment | POsi- ool @nd
f of SDR |Gold secu deposits| tion coins
oreign -
- secu- rities
DKK billion rities
Market value .......cccccceveeneee. 183.8 6.5 5.2 36.9 -46.7 -89.6 0.9 -47.7 49.4
Krone duration ........ccccceeue... 1.3 - 00 09 - 0.0 0.0 0 22
Foreign-exchange exposure . 1.8 0.1 0.1 0 - 0 0.1 0 20
Value-at-Risk ....cccceeveverrrenenne 25 05 1.3 09 0 0.0 0.9 0 32

Note: All forward transactions are assigned to the portfolio of foreign securities. The compilation of the foreign-
exchange exposure and the calculation of Value-at-Risk for the portfolios of SDR, gold and Danish Ship Finance
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9. Liquidity Risk

The liquidity risk comprises several factors. For Danmarks Nationalbank,
the liquidity risk is first and foremost the risk that it is not possible to
release funds to support the krone, even though the funds are part of
the reserve. Another type of liquidity risk occurs when even small trans-
actions affect the price. In such cases, portfolio adjustments may entail
considerable transaction costs.

The principal purpose of the foreign-exchange reserve is for Danmarks
Nationalbank to be able to intervene in the foreign-exchange market. In
the management of the foreign-exchange reserve it is therefore very
important to ensure that the greater part of the reserve can quickly be
transferred into liquid funds. Furthermore, the foreign-exchange reserve
is invested in securities for which transactions do not affect the price
excessively.

The liquidity aspect is less relevant with regard to the management of
the portfolio of domestic securities.

THE NEED FOR LIQUIDITY

It is difficult to estimate the degree of intervention that can be required
should the krone come under pressure. However, Danmarks National-
bank's experience may give an indication of the potential volumes in-
volved. Chart 9.1 shows the intervention volumes (purchase and sale of
foreign exchange) since 1986. One panel of the Chart shows interven-
tions on a daily basis. Since large-scale intervention can take place over
several days the second panel shows interventions on a weekly basis. It
appears that the maximum purchases in support of the krone were DKK
25 billion on a daily basis and DKK 35 billion on a weekly basis.

The need for liquidity is ensured by investing a part of the foreign-
exchange reserve as very short-term deposits that can be released for
liquidity purposes immediately (settlement in less than two days).

Another element of the management of liquidity risk is that the in-
vestments are spread across various liquid markets. Should problems
arise in individual markets, it is thus possible to sell bonds on the other
markets.

Furthermore, investments are solely made in bonds with a high credit
quality that can be pledged as collateral for loans (repos). In this way the
bonds can be used to obtain liquid funds, even though they are not sold.
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INTERVENTIONS DURING RESPECTIVELY ONE DAY AND ONE WEEK BY

VOLUME SINCE 1986 Chart 9.1
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Source: Danmarks Nationalbank.

This also ensures that the interest-rate risk on the foreign-exchange re-
serve is not necessarily affected should bank deposits prove insufficient.
Danmarks Nationalbank has entered into agreements with several inter-
national banks so that bonds can quickly be pledged as collateral for
loans.

A greater liquidity risk is assumed on the portfolio of domestic securi-
ties, which is not subject to special liquidity requirements derived from
Danmarks Nationalbank's primary responsibilities. A part of the portfo-
lio of domestic securities is thus invested in bonds that are not very lig-
uid in order to achieve additional returns.

FRAMEWORK FOR LIQUIDITY RISK

The management of the liquidity requirement is based on the general
rule that it must be possible to release a given amount within two days'.
In periods when foreign-exchange markets are stable, the minimum
requirement is DKK 25 billion. In periods of unrest on the foreign-
exchange markets, the degree of liquidity required of the foreign-
exchange reserve may be augmented. In recent years the degree of li-
quidity has considerably exceeded the minimum requirement, cf. Chart
9.2.

The principal intervention currencies, euro and US dollar, are subject
to special minimum requirements for money-market investments. Com-
pliance with the liquidity requirement is ensured by adjusting the bench-
mark for investments in these two currencies. Should the money-market
investments in euro or US dollar fall below the required level, these
investments can be increased by adjusting the maturity distribution of
the krone duration. Increasing the krone duration for longer maturities

1 ) . . . )
A settlement period of two days applies to the foreign-exchange market. This means that the trade is
settled two days after the trade date. Liquidity for intervention purposes must therefore be available
in no later than two days.
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DEGREE OF LIQUIDITY OF THE FOREIGN-EXCHANGE RESERVE AT MONTH-

END Chart 9.2
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maturities reducing it for shorter maturities releases funds from the
bond market, since a given krone duration can be achieved at a lower
market value for longer than for shorter maturities, cf. Chart 9.3.

EXAMPLE OF THE IMPACT ON THE DISTRIBUTION OF MARKET VALUE BY

MATURITY OF A CHANGE IN THE DISTRIBUTION OF KRONE DURATION Chart 9.3
DKK million DKK billion
60 10

9
0o\

\ 8
7
40

6
30 5
4
20
3
2
10
1
0 0
Money  0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-
market Maturity
B Krone duration, equal distribution [ Krone duration, uneven distribution
——Market value, equal distribution (right-hand axis) ——Market value, uneven distribution (right-hand axis)
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1 R . .
See also Chapter 7 on the distribution of the foreign-exchange reserve across the yield curve.
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It has been necessary from time to time to adjust the benchmark in this
way when the money-market investments have fallen below the re-
quired level.

THE FOREIGN-EXCHANGE RESERVE IS NOT THE UPPER INTERVENTION
LIMIT

Danmarks Nationalbank may support the krone with far larger amounts
than the size of the foreign-exchange reserve.

As stated in Chapter 6, the purpose of the central government's for-
eign borrowing is to maintain an appropriate foreign-exchange reserve.
If there is a need to increase the foreign-exchange reserve, the central
government has access to raise loans in foreign exchange at very short
notice via the Commercial Paper programmes, cf. Box 9.1. This will aug-
ment the foreign-exchange reserve and enhance Danmarks National-
bank's abilities to undertake further intervention. The programmes have
been used from time to time, especially in connection with the foreign-
exchange unrest at the beginning of the 1990s. Borrowing via the Com-
mercial Paper programmes may be replaced by more long-term debt if
required.

Denmark is a member of the European Exchange Rate Mechanism Il
(ERM II). Denmark participates at a central rate of DKK 746.038 per 100
euro and with a fluctuation band of +/- 2.25 per cent. As a consequence
Danmarks Nationalbank and the European Central Bank (ECB) have
agreed on a mutual intervention obligation should the krone/euro-rate
reach its agreed fluctuation limits. In accordance with the ERM Il agree-
ment, Danmarks Nationalbank furthermore holds an automatic borrow-
ing right at the ECB should the krone reach the fluctuation limit vis-a-vis
the central rate. This facility has not been used during the lifetime of
ERM Il but serves as a safety net for the fixed exchange-rate policy.

THE COMMERCIAL PAPER PROGRAMMES Box 9.1

Commercial Paper (CP) consists of short-term debt securities (zero-coupon papers)
with maturities of up to one year. The central government has two CP programmes
with a maximum outstanding amount of USD 12 billion (almost DKK 80 billion). One
programme is on the US market with a maximum outstanding amount of USD 6 bil-
lion. In this programme CPs are issued in USD with a maturity of between 1 and 270
days. The other CP programme is on the European market with a maximum out-
standing amount equivalent to USD 6 billion. Under this programme the debt securi-
ties can be issued in various currencies with maturity that varies between 7 and 365
days. The facilities are tested on an ongoing basis to ensure the availability of the re-
quired liquidity.
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Danmarks Nationalbank also has access to the forward foreign-exchange
market, where interventions can be made directly on the forward mar-
ket.

Finally, Danmarks Nationalbank can enter into foreign-exchange
swaps where Danmarks Nationalbank receives currency and delivers
kroner spot against delivering currency and receiving kroner forward.
Danmarks Nationalbank can thereby raise foreign exchange against
collateral in kroner, which can then be used to support the krone. How-
ever, Danmarks Nationalbank has not utilised the options in the forward
and the swap market for many years.

In view of Denmark's high credit standing it therefore has several op-
portunities to augment the foreign-exchange reserve by raising loans in
foreign exchange.
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10. Credit Risk

Credit risk is the risk of losses due to counterparty payment default. This
chapter describes the credit risk associated with the investment of the
foreign-exchange reserve and the portfolio of domestic securities.

The market risk is quantified by Value-at-Risk and stress tests, but no
such quantification applies to Danmarks Nationalbank's credit risk. The
reasons are that credit-risk models are less developed than market-risk
models and that the high credit standing of Danmarks Nationalbank's
counterparties makes it difficult to calculate worthwhile probabilities of
credit losses.

The credit exposure is compiled as the market value of the assets. The
credit exposure, i.e. the loss if the counterparties default on their pay-
ment obligations, on the foreign-exchange reserve and the portfolio of
domestic securities amounted to DKK 243 billion at end-2002, cf. Table
10.1. Banks accounted for a little more than half of the exposure, while
central governments, government-guaranteed entities or mortgage-
credit institutes accounted for the remainder. Forward foreign-exchange
transactions are subject to an add-on for potential credit exposure. The
add-on reflects that the market value of the actual transactions may
increase up to the expiry of the contracts from the value at the time of
compilation.

TOTAL CREDIT EXPOSURE ON THE FOREIGN-EXCHANGE RESERVE AND THE

PORTFOLIO OF DOMESTIC SECURITIES, ETC., END-2002 Table 10.1
Bonds Bank claims
Central :
2001 Supranational
govern- Collate- |Uncollate-| ;" . "
DKK billion Total ment Others ralised ralised institutions Total
90.8 56.9 19.4 3.5 5.7 3.6 89.1
19.1 1.8 0.7 30.3 5.8 - 38.6
18.6 10.9 7.9 8.7 11.2 - 38.7
47.2 - 3.1 33.1 19.3 - 55.6
5.5 - - - 4.0 - 4.0
3.8 - - - 1.1 - 1.1
13.6 - 3.3 3.7 0 8.4’ 15.5
198.6 69.6 34.4 79.4 47.1 12.1 242.6

Note: Moody's credit rating is used.

' Individual Danish mortgage-credit institutes and similar.

? Exclusively covers BIS and IMF. The IMF exposure is calculated at the current amount. The maximum drawing is DKK
23.7 billion.
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DANMARKS NATIONALBANK"S CREDIT RISK

The main credit risk for Danmarks Nationalbank's investments is coun-
terparty risk vis-a-vis securities issuers and banks receiving deposits.
Other types of credit risk play a minor role, as described below.

Danmarks Nationalbank's credit risk can be broken down as follows:

o Counterparty risk. The risk that counterparty defaults on its payment
obligations. Counterparty risk also includes if the market participants
assess that the credit standing of the counterparty has diminished.

e Trading and settlement risk. The counterparty's failure to deliver a
purchased asset in a trade may result in a loss. The loss may arise be-
cause payment has already been made for the non-delivered asset
(Herstatt risk). In addition, the market price of the non-delivered asset
may have risen so that replacing the asset is subject to a higher price
(replacement risk). Correspondent banks are used to settle payments
in foreign currency. The overnight deposits to these accounts are lim-
ited, although intra-day deposits can be significant.

e Risk vis-a-vis custodian banks. The securities are deposited with central
banks, central securities depositories and private custodian banks. In
addition, the custodian banks hold securities received as collateral for
collateralised bank deposits. The credit risk on custodian banks is lim-
ited, since they are not counterparties.

CREDIT POLICY

On investing the foreign-exchange reserve and the portfolio of domestic
securities, credit risk can be kept at a low level, but not avoided com-
pletely. It is not a natural consequence of Danmarks Nationalbank's role
as monetary authority to assume credit risk against an expected excess
return, cf. Chapter 1. Danmarks Nationalbank therefore seeks to com-
pletely avoid credit losses due to failures.

A credit loss on a bond may also occur, however, in cases where the is-
suer's credit standing is perceived by the market to have diminished. The
market will therefore require an interest premium (a higher credit
spread) to cover the higher credit risk, forcing the bond price to drop. A
wider credit spread may also reflect the market's perception that the
return on a bond with a given credit quality must be higher, e.g. in con-
nection with a cyclical downturn. This type of credit risk is often called
the (credit) spread risk.
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Investments are made solely in assets with a low credit risk that are not
expected to lead to losses due to counterparty failure. The current in-
vestments comprise:

« government bonds with a high rating

« government-guaranteed bonds with a high rating

« bonds with underlying assets, e.g. mortgage-credit bonds

« short-term deposits with banks with a high rating

e bond futures

« forward foreign-exchange contracts

« gold.

On establishing the credit rules, the counterparties' credit standing and
the maturity requirements of the exposures are balanced against each
other. The reason is that the credit risk depends not only on the coun-
terparty's credit standing but also on the maturity of the exposure. The
longer the maturity, the greater the risk of the counterparty encounter-
ing financial difficulties before expiry of the exposure.

Assuming higher credit risk might increase the expected return on the
investments, e.g. by relaxing the rating requirements or via purchase of
corporate bonds or stocks with a high rating. However, the applied cre-
dit policy to avoid credit losses implies that the credit risk is kept at a
low level.

BOND INVESTMENTS

Different rules apply to investments in bonds and bank deposits. On
investing in foreign bonds it is a requirement that the purchased assets
are government-guaranteed, or that government support can be as-
sumed.

Counterparties' credit standing is based on the long-term ratings of
the three large credit-rating agencies: Fitch, Moody's and Standard &
Poor's'. The rating scale ranges from AAA as the best rating to C or D as
the poorest rating. Investments are solely in securities rated AA or bet-
ter.

The rating scale is described in further detail in Box 10.1.

The long-term ratings express the rating agency's assessment of the
outlook for compliance with the payment obligations. As might be ex-
pected, the probability of entities with a high rating encountering pay-
ment problems has proved lower than for entities with a low rating.
Table 10.2 shows one-year transition probabilities from one rating to

' The ratings defined by rating agencies are described in Andersen and Matzen (1998).
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OVERVIEW OF THE RATINGS OF RATING AGENCIES Box 10.1

The purpose of the ratings of the three large credit-rating agencies, Fitch, Moody's
and Standard & Poor's, is to classify borrowers by credit standing. All three rating
agencies apply a range of letters from A to D to their long-term ratings, where A is
the highest rating. Within each letter category, the credit quality can be specified by
doubling or tripling the number of letters. Furthermore, Moody's provides an addi-
tional classification of credit quality by adding 1, 2 or 3, e.g. Aa3, while Fitch and
Standard & Poor's add a plus or minus, e.g. AA-.

Investment grade ratings
AAA/Aaa is the highest rating given only to borrowers with an extremely strong abil-
ity to repay debt.

AA/Aa is awarded to borrowers with a very strong ability to repay debt and is only
marginally different from AAA/Aaa.

A is awarded to borrowers with a strong ability to repay debt, but where the expo-
sure to a change in the economic situation is greater.

BBB/Baa is awarded to borrowers with an adequate ability to repay debt, but where
a change in the economic situation can be expected to weaken the ability to repay
debt.

Speculative grade ratings

BB/Ba is awarded to borrowers less vulnerable in the short term than other lower-
rated borrowers. However, there are major uncertainties and exposure to business,
economic or financial circumstances that may lead to default.

B is awarded to borrowers that are more vulnerable than BB/Ba-rated borrowers.
An unfortunate business, economic or financial development can be expected to lead
to default.

CCC/Caa, CC/Ca and C/C: C-rated borrowers are currently vulnerable and dependent
on favourable business, economic or financial conditions to maintain their ability to
repay debt.

D: There has been a payment suspension.

another for all entities rated by Standard & Poor's. The probability of an
entity suspending its payments (D rating) one year ahead is virtually zero
for entities complying with Danmarks Nationalbank's requirement of a
AA rating.

Credit lines are used to diversify investments. A credit line is the maxi-
mum permitted exposure vis-a-vis a given issuer. Credit lines are deter-
mined in kroner.

Securities lines regulate the absolute scale of securities investments in
individual countries. In the same way, an absolute line applies to securi-
ties investments in supranational institutions such as the World Bank.
Both are approved at least once a year by the Board of Governors. Table
10.3 gives an overview of securities lines.
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ONE-YEAR TRANSITION PROBABILITIES BETWEEN RATING CATEGORIES,

PER CENT Table 10.2
From/To ‘ AAA ‘ AA ‘ A | BBB ‘ BB ‘ B | CCC ‘ D
AAA oo 9306 629 045 014 006 000 000  0.00
VN 050 9099 759 061 006 011 002  0.01

2.1 91.43 5.63 0.47 0.19 0.04 0.05
0.23 4.44 88.98 4.70 0.95 0.28 0.39
0.09 0.44 6.07 82.73 7.89 1.22 1.53
0.08 0.29 0.41 5.32 82.06 4.90 6.95
0.00 0.31 0.63 1.57 9.97 55.82 31.58

Note: D rating means that the rated entity is subject to suspension of payments.
Source: Standard & Poor's, Ratings performance 2002, February 2003, p. 13.

Slightly different credit rules apply to the portfolio of domestic securi-
ties. A number of Danish issuers are not rated by the three large rating
agencies, or they are rated by only one agency. No weight is therefore
given to rating in the selection of issuers for the domestic investments.
Instead, the requirement applied is investment solely in bonds weighted
at zero or 10 per cent in the credit institutions' solvency statements.
These are securities of high credit quality such as government securities,
mortgage-credit bonds or securities issued by e.g. Kommunekredit.

It is considered important to avoid the role of dominant creditor. Ow-
nership of an issuer's bonds is therefore kept below 10 per cent of the
issuer's total amount of outstanding bonds.

SECURITIES LINES Table 10.3

Securities line,

Moody's rating Utilisation, per cent

DKK billion
Germany ......cccoceeceeieneiieecee e, Aaa 30 62
USA e Aaa 25 40
UK e Aaa 15 32
France .. Aaa 15 44
Italy Aa2 15 71
Sweden .......... Aaa 15 47
Netherlands .......ccoceeeeveeeeceeeennne, Aaa 10 7
SPAIN (e Aaa 10 3
Belgium .. Aal 10 18
Finland Aaa 5 15
Austria Aaa 5 13
Ireland Aaa 2 14
Portugal Aa2 2 0
Canada ... Aaa 2 0
Australia Aaa 2 0
Switzerland ......ccccooeeiiieicen Aaa - -
NOrway ......ccccevveeeennn. Aaa - -
Supranational units Aaa 10 36

Note: Data as at end-2002.
Source: Danmarks Nationalbank.
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The aim is to spread the investments on a range of counterparties. Each
issuer is subject to a line of 15 per cent of the value of the total domestic
securities portfolio. The central government is, however, the exception
to this rule.

To support the liquidity of the Danish bond market Danmarks Nation-
albank lends bonds from the domestic securities portfolio against a fee.
Loans are granted solely against collateral that complies with the gen-
eral securities requirements applying to the domestic securities portfolio.
The collateral value must exceed the loan by 5 per cent in order to guard
against price fluctuations. The loans normally have a maximum maturity
of three days.

UNCOLLATERALISED BANK DEPOSITS

Danmarks Nationalbank places short-term uncollateralised deposits with
foreign banks. The uncollateralised deposits are the foreign-exchange-
reserve investments subject to the highest risk, and the maturity is lim-
ited to a maximum of three months. It is considered important to have
only banks with a high credit standing as counterparties. The special
Fitch bank ratings are applied, since Fitch is considered to have special
expertise in the credit rating of banks.

The Fitch bank ratings take into account that banks close to liquida-
tion may expect varying degrees of support from the central govern-
ment or from shareholders. Fitch therefore awards a rating for the pro-
bability that the bank will encounter problems (from A down to E), and
a rating for the probability of external support (from 1 down to 5) in the
event of problems.

Investments are only made with banks holding a Fitch bank rating bet-
ter than C2. Applying the two bank ratings rather than long-term rat-
ings makes it possible to ensure that exposures are undertaken solely
with counterparties whose credit standing is not based exclusively on
the expectation of support.

The Fitch bank ratings are described in further detail in Box 10.2.

The total volume of uncollateralised bank investments is limited by a
total line that is determined monthly on the basis of the size of the for-
eign-exchange reserve. This line amounted to DKK 56 billion at the close
of 2002.

In order to avoid a concentration of investments with banks in certain
countries, country lines are used. A country's line is set as a fixed per-
centage of the total line.
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FITCH BANK RATINGS Box 10.2

Individual rating

The individual Fitch rating is Fitch's assessment of the probability of a bank encoun-
tering difficulties without consideration of possible external support. This rating is
based on factors such as the bank's profitability, balance sheet integrity, franchise,
management, operating environment and prospects.

A: A very strong bank. Characteristics may include outstanding profitability and bal-
ance sheet integrity, franchise, management, operating environment or prospects.

B: A strong bank. No major concerns. Characteristics may include strong profitability
and balance sheet integrity, franchise, management, operating environment or pros-
pects.

C: An adequate bank, which, however, possesses one or more troublesome aspects.
There may be some concerns regarding its profitability and balance sheet integrity,
management, operating environment or prospects.

D: A bank which has weaknesses of internal and/or external origin. There are con-
cerns regarding its profitability and balance sheet integrity, franchise, management,
operating environment or prospects.

E: A bank with very serious problems, which either requires or is likely to require ex-
ternal support.

Support rating

Support ratings are Fitch's opinion on the likelihood and source of external support,
should a bank experience financial difficulties. The support may be granted from the
central government and the owner of the bank. The assessment is based on the sup-
port providers' propensity and ability to give support. The propensities could be guar-
antees, ownership of the bank or the bank's importance to the financial system. The
ability to give support is assessed on the basis of the support providers' long-term rat-
ings.

1: A bank for which there is an extremely high probability of external support. The
potential provider of support is very highly rated in its own right and has a very high
propensity to support the bank in question.

2: A bank for which there is a high probability of external support. The potential
provider of support is highly rated in its own right and has a high propensity to pro-
vide support to the bank in question.

3: A bank for which there is a moderate probability of support because of uncer-
tainties about the ability or propensity of the potential provider of support to do so.

4: A bank for which there is limited probability of support because of significant
uncertainties about the ability or propensity of any possible provider of support to do
sO.

5: A bank for which external support, although possible, cannot be relied upon.
This may be due to a lack of propensity to provide support or to a very weak financial
ability to do so.

Source: www.fitchratings.com.
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COUNTRY LINES FOR UNCOLLATERALISED BANK EXPOSURE Table 10.4
Country line,
DKK billion Utilisation, per cent
GEIMANY ettt e e ne e e s nee e 14.0 37
USA ..coeeee. 8.4 12
UK 8.4 52
France .......... 11.2 17
Italy ....coeneen. 5.6 38
Sweden ............ 5.6 64
Netherlands 5.6 26
Spain ..o 5.6 32
Belgium ....... 5.6 42
Finland.......... 5.6 35
Austria.......... 5.6 0
Ireland ......... 5.6 0
Portugal ....... 5.6 0
Canada ........ 5.6 45
Australia .......... 5.6 11
Switzerland 14.0 9
NOFWAY ..ot 5.6 24

Note: Data as at end-2002. The different country lines cannot each at the same time be utilised 100 per cent.
Source: Danmarks Nationalbank.

An absolute line is determined for each counterparty bank (deposit line).
The size of the deposit line depends on the counterparty's rating, so that
counterparties with a high credit standing are awarded a higher line.
The deposit line also depends on the counterparty's equity capital, so
that small counterparties are awarded smaller lines.

Table 10.4 shows the country lines at end-2002.

Danmarks Nationalbank may make short-term deposits with the Bank
for International Settlements (BIS), cf. Box 10.3. BIS is not rated, but is
considered to have a very high credit standing. BIS' line is set quarterly
at half of the foreign-exchange reserve.

Gold investments with counterparty banks are subject to special lines.
The rating requirements are more stringent than for normal bank de-
posits and the line is determined as only half of counterparty's ordinary
deposit line. However, investments for up to 6 months are accepted for
counterparties with especially high ratings.

REPURCHASE AGREEMENTS (REPOS)

Repurchase agreements (repos) are used on a significant scale for depos-
its with foreign banks. In repos only highly rated government bonds,
which meets the criteria for inclusion in the foreign-exchange reserve,
are received as collateral. Should counterparty default on the agreed
payments, Danmarks Nationalbank's deposits are covered by the collat-
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BANK FOR INTERNATIONAL SETTLEMENTS, BIS Box 10.3

The Bank for International Settlements, BIS, is an international organisation, which
fosters international monetary and financial cooperation and serves as a bank for cen-
tral banks.

Danmarks Nationalbank may enter into the following transactions with BIS:
« Short-term deposits. There are no requirements of receiving collateral.

« Liquidity raising by using repos.

« Lending of securities. There are no requirements of receiving collateral.

. Foreign-exchange spot- and forward foreign-exchange contract trading.

BIS has no rating but is considered to have a very high credit standing. On that basis
the line is set at half of the foreign-exchange reserve.

Sources: www.bis.org and Danmarks Nationalbank.

eral provided. The credit risk on a repo deposit is thus considerably smal-
ler than for uncollateralised deposits. However, repos entail a small legal
risk. The mechanisms of repos are described in Box 10.4.

The use of repo deposits has expanded in recent years, cf. Chart 10.1.
The principal reason is the increase in the foreign-exchange reserve that
has led to an equivalently greater investment requirement. This greater
investment requirement has been accommodated without an equivalent
increase in the credit risk via investment as collateralised bank deposits,
i.e. repos, rather than uncollateralised deposits.

BANK DEPOSITS SINCE END-2000 Chart 10.1
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REPO AGREEMENTS Box 10.4

Danmarks Nationalbank uses Master Repurchase Agreements to make deposits
against securities as collateral, to raise liquidity by borrowing against securities, and
for lending securities from the portfolios.

To achieve protection against counterparty creditors the agreement is legally de-
signed as an agreement on purchase/sale of securities whereby the seller undertakes
to repurchase the securities on an agreed date at a pre-specified price. Absolute title
to the purchased securities is transferred to the buyer — with the exception that the
seller shall receive any interest after the sale — and the buyer may sell the securities on
or after the repurchase date, should the seller be unable to repurchase them. Any dif-
ference between the original purchase price and the value of the securities at the
time of realisation is netted. The seller of the securities enters into a repo, while the
buyer of the securities enters into a reverse repo.

Danmarks Nationalbank contracts reverse repos as bilateral or 3-party repos. When
transacting a bilateral repo the securities are deposited with one of Danmarks Na-
tionalbank's central securities depositories. With respect to 3-party repos the securities
are deposited with a third party, which moreover undertakes to monitor on an ongo-
ing basis whether the market value of the collateral is correct and sufficient and, if
necessary, requires additional collateral.

Most of Danmarks Nationalbank's repos are 3-party repos, whereby Danmarks Na-
tionalbank avoids administration of the collateral. 3-party repos require entering into
a Global Master Repurchase Agreement, which is an internationally applied standard
agreement, with the counterparty and a service agreement with the third party. The-
se agreements set out the general terms for the repo contracts, including the type of
collateral that is accepted, and the amount of excess cover. Only government bonds
with a rating of at least Aa3/AA- are accepted, in line with the requirements for
securities investments. In order to cover for fluctuation in the collateral value during
the contract period Danmarks Nationalbank requires excess cover of 2 per cent, i.e.
collateral must be provided for EUR 102 million for a deposit of EUR 100 million (if
two different currencies are used, the excess cover is 5 per cent). Additional collateral
is required in the event of insufficient cover due to subsequent fluctuation in market
prices.

Repo lines are determined as an absolute level per counterparty, de-
pending on the counterparty's rating and equity capital. No limit applies
to the total repo volume. Moreover, lines are determined for the custo-
dian banks that manage the collateral.

When the foreign-exchange reserve increases, the requirement for
short-term bank investments also increases. In view of the objective of a
constant interest-rate risk, the excess foreign exchange is not invested in
long-term bonds. The repo lines are currently adjusted in order to ac-
commodate fluctuations in the requirement for short-term investments.

Danmarks Nationalbank has far more deposit counterparties than repo
counterparties, cf. Chart 10.2, which shows the bank deposits for each
counterparty. Each bar in the Chart represents a deposit with counter-
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BANK DEPOSITS BY COUNTERPARTY Chart 10.2
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party bank. The explanation of the relatively small number of repo
counterparties is that it can be difficult to find counterparties with a
high credit standing that are interested in concluding repos on a suffi-
ciently large scale. In addition, negotiating and finalising the legal con-
tracts governing repos with a repo counterparty is a time-consuming
process. In view of the smaller risk on repo positions, a deposit with a
repo counterparty may be considerably greater than a deposit with
counterparty for uncollateralised deposits. To ensure the required diver-
sification on counterparties, a certain percentage of the bank deposits is
still held with counterparties that do not provide collateral. As more and
more repo contracts are concluded, this percentage will be reduced.

Repo contracts are also used to raise liquidity against securities as col-
lateral and for lending of securities from the portfolios. The purpose of
lending securities from the foreign-exchange reserve is to achieve a
higher return on the portfolios.

FORWARD FOREIGN-EXCHANGE CONTRACTS

Forward foreign-exchange contracts are used to restructure the foreign-
exchange exposure of the foreign-exchange reserve, cf. Chapter 6 on
currency risk. When it is concluded, a forward foreign-exchange contract
has no market value. Up to the expiry of the contract exchange-rate
fluctuations will cause the value of the contract to fluctuate. If the mar-
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EXAMPLE OF THE DEVELOPMENT IN THE MARKET VALUE OF A FORWARD
FOREIGN-EXCHANGE CONTRACT Chart 10.3
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ket fluctuation is in favour of Danmarks Nationalbank a credit exposure
arises since Danmarks Nationalbank will lose this gain if the counter-
party defaults.

Most forward foreign-exchange contracts are concluded in order to re-
structure from US dollar to euro exposure. The development in credit
exposure on the forward foreign-exchange contracts is thus driven pri-
marily by the development in the US dollar exchange rate.

Chart 10.3 illustrates the development in the market value of a hypo-
thetical forward foreign-exchange contract. The area within the blue
lines illustrates the interval for the contract's market value with a prob-
ability of 99 per cent. The longer the maturity, the greater the probabil-
ity of a higher positive market value and thereby credit exposure.

Danmarks Nationalbank only concludes contracts with a maturity of
less than 100 days.

The credit standing of the counterparties to forward foreign-exchange
contracts must be as high as for foreign bank deposits. The same rating
requirement is applied, i.e. a Fitch bank rating better than C2. Based on
the counterparty's rating and equity capital a limit is set for the credit
exposure on the counterparty.

The credit exposure on the forward foreign-exchange contracts is cal-
culated as market values plus a premium for a potentially higher future
credit exposure. This means that a line is put to use when a contract is
concluded.
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CREDIT EXPOSURE ON FOREIGN-EXCHANGE COUNTERPARTIES Chart 10.4
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Chart 10.4 shows the credit exposures calculated for each foreign-
exchange counterparty. The credit exposure at end-2002 totaled almost
DKK 9 billion, of which DKK 6 billion was a potential credit-exposure
premium for the remaining maturity.
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11. Operational Risk

Over the past years, there has been a major evolution within operational
risk management. However, Danmarks Nationalbank is still in an intro-
ductory phase in setting up models and methods for managing opera-
tional risk.

The Bank for International Settlements (BIS) has defined operational
risk as "the risk of loss resulting from inadequate or failed internal proc-
esses, people and systems, or from external events"'. For a central bank
it is important that assessments of operational risk also take loss of repu-
tation into account.

Since operational risk thus covers a wide range of different risk fac-
tors, Danmarks Nationalbank's operational risk management cannot be
defined in isolation as financial risk management, but reflects a wider
management framework for all of its business areas.

Operational risk management is not a new area for Danmarks Nation-
albank, but has long been a central element of its business. However, as
more and more work processes — operations — are supported by IT, with
the possibility of highly disruptive system failures, and as financial in-
struments have become increasingly more sophisticated, with the risk of
mismanagement and fraud, the focus on operational risk has increased.
There are ongoing efforts to implement and further develop a frame-
work for operational risk management in all of Danmarks National-
bank's business areas. Operational risk in relation to portfolio manage-
ment is managed via qualitative objectives. Operational risk is reduced
since Danmarks Nationalbank does not undertake transactions of an
unnecessarily complex nature.

INTERNATIONAL STANDARDS

BIS recommends a number of principles for sound practices in manage-

ment of operational risk. These can be summarised as follows:

« The management’ of the bank should be aware of, approve and re-
view the bank's framework for managing operational risk.

' Sound Practices for the Management and Supervision of Operational Risk, February 2003, Basel
Committee on Banking Supervision, www.bis.org.

2 . h ;
By management is meant the Committee of Directors and Board of Governors.
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« The management of the bank should be responsible for implementing
the framework and ensuring that it is reviewed by independent audi-
tors.

o For all activities, products, processes and systems, risk assessments
should be conducted.

e The bank should have policies, processes and procedures to identify,
control and monitor operational risk.

« The bank should have in place a business continuity plan’ in the event
of severe business disruption.

e The bank should publicly disclose its strategy for operational risk man-
agement.

Danmarks Nationalbank's operational risk management strategy is
based on these principles.

Danmarks Nationalbank's framework for operational risk manage-
ment is based solely on a qualitative standard. Among other things, this
standard entails that monitoring of operational risk management com-
prises:

o Ensuring that measures against operational risk are intact,

« Analysing various risk scenarios,

« Ongoing management reporting on operational risks and their signifi-
cance to Danmarks Nationalbank,

« Assessing whether the model’s requirements are observed within the
organisation.

This standard ensures that Danmarks Nationalbank at all times has an
overview of its operational risk and the measures taken to reduce the
impact to an acceptable level.

DANMARKS NATIONALBANK'S FRAMEWORK FOR OPERATIONAL RISK
MANAGEMENT

As Chart 11.1 shows, Danmarks Nationalbank's framework for opera-
tional risk management comprises a risk assessment model, a standard
for procedures, physical security, IT security management and business
continuity plans. These areas relate directly to the various elements of
the definition of operational risk. This entails that the probability of
faults are reduced by:

Business continuity management objective: to counteract interruptions to business activities and to
protect critical business processes from the effects of major failures or disasters (ISO/IEC 17799 Infor-
mation technology — Code of practice for information security management, Business Continuity
Management chapter).
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DANMARKS NATIONALBANK'S FRAMEWORK FOR OPERATIONAL RISK
MANAGEMENT Chart 11.1
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« processes closely related to the procedure concept,
« systems linked to IT security management,
« external events being covered by business continuity plans.

The risk of human error is addressed within all areas, and there is also
some overlap between the areas.

Danmarks Nationalbank has included physical security, since due to its
responsibility for banknotes and coins a central bank has a number of
processes, such as the production, storage and transport of assets, that
impose the requirement for special measures to physical security.

The individual areas of the framework are not new to the bank, but
they are now managed from one organisational unit and are related to
operational risk management.

Each area within the framework comprises overall requirements in ac-
cordance with policies and in-depth guidelines, as well as related gen-
eral procedures. Furthermore, IT systems have been introduced to sup-
port the implementation.

Risk assessment model

The purpose of the risk assessment model is to support the identification
and assessment of operational risk for given activities, products, proc-
esses or systems. A risk assessment comprises an estimate of the prob-
ability that loss events will occur, as well as the possible impact of such
events. The need to take measures is particularly high in cases where the
probability is high, and the consequences are also significant.
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EXAMPLES OF RISK ASSESSMENTS AND MEASURES Table 11.1
Risk / threat |P‘ | | R ‘ Measures Residual risk ‘P‘ | |R‘ Conclusion
External power 3412 1. Guidelines for Internal gen- 3 1 3 Measures
outage power supply erator fails deemed to be
2. Calculation of sufficient
coverage

requirement
. Establishment of
internal
generator
4. Regular testing of
internal generator

w

Unauthorised trad- 3 4 12 1. Clean criminal Separation of 1 3 3 Measures
ing record required front and back deemed to be
2. Physical and logical office is com- sufficient
division of front promised

and back office into
two separate de-
partments

3. Line management
of counterparty
exposures
No physical accessto 2 4 8 1. Establishment of Simultaneous 2 1 2 Measures
dealers' workstations alternative work- failure of deemed to be
stations for dealers normal and sufficient
2. Procedure for use alternative
of alternative work-  workstations
stations
3. Regular testing of
alternative work-
stations
Note: "P" indicates probability (1= very low, 2= low, 3 = medium, 4= high), "I" indicates impact, and "R" (probability

multiplied by impact) indicates risk factor. All factors are assessed before and after measures are taken.

The risks' that may affect activities, products, processes and systems must
be identified in the individual risk assessments and their impact assessed,
after which a risk factor is calculated as the product of probability and
impact. Hereafter the measures taken are described. Such measures may
be of an organisational, technical or procedural nature. If there is a re-
sidual risk, it must be described and a decision taken on whether it is
acceptable or should perhaps be reduced.

Table 11.1 gives examples of measures to reduce the risk or impact of
various events. The examples given are not exhaustive.

The risk assessments are prepared by the individual departments, but
to ensure uniformity and cross-organisational measures the risk assess-
ments must be submitted to a central function for comment.

Working Paper on the Regulatory Treatment of Operational Risk, Annex 2: "Detailed loss event type
classification", September 2001, Basel Committee on Banking Supervision, www.bis.org.
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IMPLEMENTATION

Implementation of the model for operational risk management is a pro-
tracted process. Danmarks Nationalbank is still in an introductory phase
in a number of areas. In this phase the model's areas are introduced and
implemented gradually as an important tool for each department.

Subsequent implementation phases will e.g. include development of
routines for closer monitoring of operational risks, including centralised
compilation and reporting of residual risks and their potential signifi-
cance to Danmarks Nationalbank.
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12. Front Office Portfolio Management

The responsibilities of Danmarks Nationalbank's front office include the
day-to-day management of the portfolios, i.e. purchase and sale of do-
mestic and foreign bonds, investment of liquidity in money-market in-
struments, and lending of gold. Furthermore, foreign-exchange swaps
are concluded in order to manage the foreign-exchange exposure that is
predominantly denominated in euro.

The aim for portfolio management is to result in higher returns rela-
tive to the benchmark through an active ongoing review and adjust-
ment of the positions. Another objective is to ensure close contact with
the financial markets in order to maintain trading expertise, market
knowledge and good counterparty relations. This is vital in a situation
where parts of the foreign-exchange reserve are to be liquidated or
collateralised for intervention purposes. Finally, the portfolio managers
monitor the market as a whole, and important information is communi-
cated to the rest of Danmarks Nationalbank.

Front office manages ten subportfolios. The domestic securities port-
folio is divided into a callable and an uncallable subportfolio. The for-
eign-exchange reserve consists of eight sub-portfolios, cf. Chart 12.1. The

ORGANISATION OF PORTFOLIOS IN FRONT OFFICE Chart 12.1
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foreign-exchange reserve and the domestic securities portfolio are gen-
erally managed according to the same principles.

RISK AND RETURN OF PORTFOLIO MANAGEMENT

By deviations from the tactical benchmark portfolio management in
front office will impact directly on the overall risk level.

With regard to interest-rate risk, positioning may change Danmarks
Nationalbank's total krone duration (interest-rate exposure) by +20 per
cent for the securities portfolio and by +10 per cent relative to the tacti-
cal benchmark for the foreign-exchange reserve, cf. Chapter 7.

The portfolio management furthermore affects Danmarks National-
bank's liquidity and credit risk — but to a limited extent. On investing in
other instruments than BIS' deposits and government bonds, the actual
positions deviate from the tactical benchmark.

Investing in callable mortgage-credit bonds contains a prepayment risk
that is adjusted by the portfolio manager within the convexity frame-
work, cf. Appendix A on callable mortgage-credit bonds.

The currency risk is not subject to active portfolio management. Devia-
tions from the strategic position — i.e. primarily euro — are very limited
and can generally be attributed to the impact of transactions vis-a-vis
the central government, the IMF, etc. Investment in the interest-rate
markets does not contribute to changing the currency risk, since the
same currency is bought and sold.

The portfolio management also contributes to operational risk, cf.
Chapter 11.

Portfolio management seeks to maximise returns within the risk limits.
The level of return reflects this framework. Security and liquidity are key
aspects of the management of the foreign-exchange reserve, which
must at all times support the exchange-rate policy. This reduces the op-
portunities to achieve high returns.

THE INVESTMENT DECISION

The Investment decisions in relation to the portfolios include several
elements, cf. Chart 12.2. The first is to establish the expectations of the
future level of interest rates, and where on the yield curve this impact is
expected. The portfolio manager then selects the individual bond to be
bought or sold on the basis of its relative value. This includes an assess-

! See also Chapter 10, Box 10.3.
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THE INVESTMENT DECISION Chart 12.2

Positioning on the basis of interest-rate expectations
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tive value, including liquidity premium and credit
spread.

Note: The yield-premium portfolio of the foreign-exchange reserve differs from this investment strategy since it focuses
exclusively on relative value as the criteria for selection of instruments.

ment of the credit and liquidity premiums. Decisions in relation to posi-
tioning and choice of instrument are described below.

Positioning in relation to interest-rate expectations

Expectations of the general level of interest rates are affected by a
number of factors. In principle, the development in interest rates is
driven primarily by the economic fundamentals in the long term and
market conditions in the short term. Assessment of the future level of
interest rates includes forward rates, the development in macroeco-
nomic data, issuing policy, technical analysis, positions and flows among
major market participants, market sentiment, volatility and correlations
among e.g. the equity, currency and bond markets.

The above mentioned data is supplied to the portfolio manager by
several information systems (e.g. Bloomberg and Reuters) as well as
trading counterparties, who also contribute with input to the invest-
ment decision.

With regard to the foreign-exchange reserve the investment decision
is normally divided into a long-term position with a horizon of e.g. one
month and a more short-term position with a horizon e.g. of one day or
one week. The portfolio manager chooses the time horizon for the
short-term and long-term investment, which corresponds to the horizon
for the interest-rate expectations. The long-term horizon extends for no
longer than a few months.

On the commencement of the period the interest-rate level at the end
of the period is assessed, and this assessment typically determines the
general positioning throughout the period. If interest rates are found to
be declining in the long term, a long position relative to the benchmark
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SHORT-TERM AND LONG-TERM POSITIONING RELATIVE TO THE TACTICAL
BENCHMARK Chart 12.3
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10 -~
Interest rates expected to decline

Interest rates

> expected to Interest rates expected to be unchanged
decline

Interest rates expected to rise

Interest rates expected to decline

Interest rates
> expected to rise Interest rates expected to be unchanged

Interest rates expected to rise
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o

10

is taken. However, if the portfolio manager believes that interest rates
are rising in the short term, the overall position will be (far) closer to the
benchmark. This positioning approach establishes a "corridor" for active
short-term trading, cf. Chart 12.3.

The portfolio manager can thus react to new information on interest-
rate developments at any time, ensuring that the position in relation to
long-term expectations can be maintained. A further objective is to en-
sure a certain degree of discipline when taking positions. This method
makes it possible to revisit the scenario on which the position is based
and to assess whether there are any significant changes in the analysis
that should be reflected in the position.

Each portfolio manager determines the size of the position within the
framework stipulated for e.g. interest and credit risk. The portfolio man-
ager may as mentioned earlier deviate by +10 per cent relative to the
tactical benchmark for the foreign-exchange reserve. Chart 12.4 shows
the distribution of the actual percentage deviations from the tactical
benchmark.

Once the portfolio manager has determined expectations of the gen-
eral development in interest rates, the next step in the investment
decision is normally the allocation of the exposure on the yield curve.
For the domestic securities portfolio no framework has been stipulated
for yield-curve positions. With regard to the foreign-exchange reserve
the krone duration of the benchmark is in principle distributed equally
on maturities of up to 10 years. The portfolio manager may deviate by
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DEVIATIONS IN THE KRONE DURATION FROM THE TACTICAL
BENCHMARK ON THE FOREIGN-EXCHANGE RESERVE Chart 12.4
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15 per cent in each 2-year maturity segment for as long as the position
remains within the overall framework for krone duration (+/-10 per
cent).

The investment decision in the individual segments includes the for-
ward interest rates. For a given investment horizon the portfolio man-
ager thus compares his or her own interest-rate expectations with the
forward interest rates and takes positions in cases of substantial devia-
tion. If the forward rate exceeds the expectations the exposure in that
part of the yield curve is increased.

Choice of instrument
Once the total krone duration and its distribution on the yield curve
have been selected, the portfolio manager selects the individual bonds
in each maturity segment. Each bond is assessed for its relative high or
low cost in relation to e.g. the zero-coupon yield structure. The portfolio
manager will seek to sell the high-cost bonds and/or purchase the low-
cost bonds, unless it is expected that the spread of the relative price
offering will be further amplified. This would offset the current yield
premium associated with the low-cost bond in relation to the higher-
priced bonds.

High or low pricing of a bond in the market can be assessed by several
methods. Naturally, these methods are not unequivocal, but together
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Z SCORE ON THE RELATIVE BOND VALUE Box 12.1

The Z score takes into account that too high or too low pricing, e.g. in relation to the
zero-coupon yield curve, may be of a more permanent nature. The Z score relates the
yield spread of the bond to the spread's historical fluctuation. The Z score is calculated
as follows:

Current spread - average spread
The spread's standard deviation

Z score =

where the spread is the difference between e.g. the yield to maturity and the theo-
retically compounded yield. The Z score is thus an expression of the number of stan-
dard deviations of the current yield spread from its historical average. The Chart be-
low shows Z scores for selected German bonds on 15 September 2003.

Z SCORES FOR GERMAN GOVERNMENT BONDS
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Source: HSBC.

they provide a basis for assessment of the relative value of the bonds.

These methods include:

e The interest-rate spread to the swap curve.

« The net present value, i.e. the difference between the theoretical price
calculated via the zero-coupon yield structure and the market price.

e Z scores and similar models that take mean reversion into considera-
tion, cf. Box 12.1.

Generally, it is considered an advantage to invest in a bond with a high
positive spread to the swap curve, a high net present value and a high Z
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score — preferably a standard deviation exceeding 1.5. This approach to
assessing the relative value of bonds is extremely useful and provides a
systematic evaluation of trading ideas.

In the selection of the specific bond liquidity is also considered. The li-
quidity of bonds has an impact on their relative prices. Low liquidity
tends to increase transaction costs (a wider spread between bid and of-
fer prices). This reduces the price of the bond.

The tactical benchmark of the foreign-exchange reserve consists of
highly liquid government bonds. The portfolio manager may choose to
invest in bonds with the same interest-rate and yield-curve risk as the
benchmark, but with lower liquidity. This will typically generate a liquid-
ity premium and thereby a higher expected return, although in active
trading the higher trading costs must be taken into account.

Also considerations of the bonds credit quality are included in the se-
lection of the specific bond. The credit quality of bonds has an impact on
the relative prices. Bonds with a lower credit quality than government
bonds normally generate higher yields to maturity. The higher yield is
the payment for the additional risk assumed via such an investment, e.g.
the risk of issuer-specific losses and of a widening of the general credit
spread. Furthermore, credit products are normally less liquid than gov-
ernment securities.

A constant krone duration in the benchmark is central to the risk
management of the foreign-exchange reserve. Consequently, the larger
the foreign-exchange reserve, the higher the money-market invest-
ments. The benchmark of these investments is the remuneration offered
for very short-term investments with BIS, see Box 10.3. BIS deposits are a
very liquid instrument with a high credit rating, but a relatively low re-
turn. Placing this market value in repos or as time deposits with banks
can generate a higher return relative to the benchmark.

Two bond portfolios of the foreign-exchange reserve are allocated to
investment in other bonds than government bonds - such as US mort-
gage bonds — in order to generate a higher return. Also, the benchmark
for the portfolio of European government bonds comprises government
bonds issued by the central governments of Germany, France and Italy.
An overweight of e.g. Italian government bonds compared to German
government bonds generates an expected higher return, since lItalian
government bonds are traded at a higher yield to maturity.

Part of the domestic securities portfolio is invested in other instru-
ments than Danish government bonds, primarily mortgage-credit bonds
with a high credit rating. The choice of coupon and maturity is an im-
portant investment decision in relation to the inherent option in callable
bonds, cf. Appendix A on callable mortgage-credit bonds.
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SECURITIES LENDING

The management of the foreign-exchange reserve involves ongoing
lending of securities from the portfolio in order to generate a higher
return. Bonds are also lent from the domestic securities portfolio, al-
though for the sole purpose of supporting the market, and not to
achieve higher returns.

Some bonds are in particularly high demand and can be lent at an ex-
tra return. These bonds are traded as "specials". The pricing is often
special when the trade involves:

o A benchmark bond.

e A bond that must be delivered on expiry of a futures contract. Inves-
tors that are obliged to deliver the bond on expiry of the future may
wish to borrow the bond rather than purchase it.

e An investor or offerer having sold the bond without owning it. The
delivery obligation can be fulfilled by borrowing the bond.

The bonds traded as specials in the repo market are often relatively
highly-priced. Revenue from lending must therefore be set against the
relatively lower current return.

Bonds from the foreign-exchange reserve are lent mainly via 3-party
repos for periods of up to 14 days, cf. Chapter 10. Danmarks National-
bank also operates an automatic securities lending scheme via the Euro-
clear clearing house, which is the custodian of a major share of Dan-
marks Nationalbank's securities. Under this scheme the loan is com-
menced and concluded overnight within one settlement period.

THE TRADE

The investment decision is followed by the actual trade. The first step is
to ensure pre-trade compliance, i.e. that the trade can be transacted
without exceeding lines. The trade is assessed in relation to residual lines
for credit exposure and to the interest-rate exposure framework.

The next step is typically to find indicative prices for the bond. An
overview of the counterparties' prices can be found on information
pages such as Bloomberg, Reuters, Tradeweb and the Copenhagen Stock
Exchange (CSE).

At the end of 2003 electronic market-making in the MTS-system' for
Danish bonds was introduced. Danmarks Nationalbank has access to the

MTS (Mercato dei titoli di stado) is an electronic trading platform for professional market partici-

pants on the European market for government bonds.
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market as a pricetaker, so that it may only trade at prices offered by
market makers in the system. In future, most government bonds traded
for the domestic portfolios will be executed via this system. Other bonds
will continue to be traded via CSE. Telephone-based trading of Danish
bonds is primarily with the largest market participants and typically on
the basis of own or counterparties' prices entered to CSE's electronic
systems.

When bonds are traded in relation to the foreign-exchange reserve
counterparties are in competition to offer the best price for a specified
amount. The market convention is not to split trades among counterpar-
ties.

TradeWeb, an electronic multi-dealer trading platform, is often used
for trading in the European and US government bond markets. Trading
is screen-based and several market makers offer simultaneous, tradeable
prices directly to the portfolio manager. These trading platforms present
many advantages. It is easy to locate the best price, and the system con-
tains all information relevant to registration and settlement. This makes
the procedure considerably more efficient, and reduces the likelihood of
errors. Furthermore, the trading situation can be re-established if an
audit calls for evaluation of whether the best price was obtained.

There are several other multi-dealer platforms besides TradeWeb.
Danmarks Nationalbank furthermore uses the electronic trading plat-
form FXall for trading in foreign exchange and for forward foreign-
exchange transactions.

The maximum value of a single trade is the equivalent of USD 100 mil-
lion. Large-value trades are therefore split up into several smaller trades
with the same counterpart in order to reduce the settlement risk.

As Chart 12.5 shows, trading is considerably greater for the money-
market portfolio than for the bond portfolios in terms of both volume
and number of trades. This is attributable to ongoing re-investment of
money-market investments and the distribution of trades on a wide
range of counterparties. In addition, the restriction of the size of trades

NUMBER OF TRADES AND VOLUME IN THE FOREIGN-EXCHANGE RESERVE Chart 12.5
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plays a greater role for money-market investments than for bond trad-
ing, since the amounts invested are considerably higher. Finally, a full
pre-trade analysis is a key parameter in portfolio management. The indi-
vidual bond portfolio manager thus undertakes a limited number of
trades per day.

Once the trade is concluded, it is entered into the trading system,
which transmits the data to the back-office function in charge of settle-
ment. The trading system also transmits lists of holdings that are up-
dated in real time and constitute the basis for counterparty statistics.

TRADING COUNTERPARTIES

It is important to limit the number of counterparties in relation to the
individual portfolios, since an adequate trading volume is a prerequisite
for sound relations with the counterparty. Nevertheless, the number of
counterparties must ensure competitive price offering and that the port-
folio manager receives sufficient information as input to the investment
decision. Table 12.1 shows the typical number of trading counterparties
for the individual portfolios.

Danmarks Nationalbank participates in the market for Danish bonds.
In principle, the counterparties are members of CSE's bond market and
the MTS market makers who are not CSE members (i.e. a total of 32
counterparties). The MTS market makers are Danmarks Nationalbank's
government-bond trading counterparties, and via electronic trading it is
ensured, that the trade takes place with the members offering the most
attractive prices.

It is expected that most mortgage-credit bonds will continue to be
traded via telephone, and most of the trading will be with the largest
market participants. Although CSE has 27 bond members, the actual
number of counterparties is significantly lower.

The number of counterparties for the foreign bond portfolios is lower
than the level for the domestic portfolio. The exception is the money-

TYPICAL NUMBER OF COUNTERPARTIES Table 12.1
Portfolio

DaNisSh DONAS ..o e e e e e re e e e nr e e e eareeeennes 32

Euro bonds 10

US bonds ......... 10

UK bonds .....cccccccvveeneen. 5
Swedish bonds ................... 4
Foreign money market 60

Note: It is sought to use the same counterparties for the yield-premium portfolio as for the government-bond portfolios.
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market portfolio which involves the investment of considerably larger
amounts. This portfolio is therefore distributed on several counterparties
in order to limit the credit risk.

The portfolio manager selects the counterparties among those with an
approved credit standing. In principle, the counterparty list can be
changed on an ongoing basis, but in practice counterparty relationships
of a more long-term nature are sought. A counterparty is thus rarely
removed from the list without being informed in advance of the weak-
nesses in the relationship and possibly also being given an opportunity
to eliminate the weaknesses.

When selecting counterparties for the foreign-exchange portfolio
price offering is vital to the level of trading. If counterparties offer less
favourable prices, they will lose the trade to one of the other counter-
parties. Another important factor is the analyses received from the
counterparty. These may be a more detailed analysis of a specific topic,
or assessments of the current market development. Other focus areas
are the extent to which forecasts of the market-related and economic
developments actually materialise.

EXTERNAL PORTFOLIO MANAGEMENT

Since the early 1990s the portfolio of US mortgage bonds has been
managed externally. Danmarks Nationalbank finds it difficult to build
up and maintain the same level of knowledge internally as can be
achieved by an American manager. The use of an external portfolio
manager also gives access to economic, financial and investment in-
formation, but it does require devotion of resources to e.g. reporting
and monitoring.

The external portfolio manager's mandate is to maximise the return
on the portfolio in relation to the benchmark. The neutral modified
duration of the benchmark is 3.2 years, with a deviation margin of + 2
years. The benchmark consists of US government bonds and is adjusted
monthly. The external portfolio manager may invest in US government
and mortgage bonds, as well as CMOs, and make bank deposits. The
portfolio has realised an average higher return of 0.5 per cent per an-
num after payment of costs to the portfolio manager.

The portfolio management entails ongoing re-investment of interest
and repayments. The market value was almost DKK 2 billion at end-
2002.

All trades are reported to Accounting at Danmarks Nationalbank and
the portfolio is included alongside the other portfolios in the compila-
tion of the exposure and risk.
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MANAGEMENT OF THE GOLD RESERVE

Gold lending is subject to more restrictive requirements of credit stand-
ing than normal bank deposits, cf. Chapter 10.

The interest on gold loans granted by Danmarks Nationalbank is settled
in gold that is sold on the maturity date, so that the market value of the
gold reserves is maintained. Gold loans run from one to 6 months, de-
pending on the counterparty banks' rating, interest rates and the ex-
pected interest-rate development. The interest rates for gold loans fluctu-
ate, and in certain periods they have been so low that Danmarks Nation-
albank recalled the gold from the loan counterparties on maturity since
the revenue did not match the administration costs and the credit risk on
lending. At the end of 2002 more than half of the gold holding had been
lent to commercial banks, while in 2003 gold lending was limited as a
consequence of the low level of interest, cf. Chart 4.4 in Chapter 4.

TRANSFER OF THE CURRENCY RISK TO EURO

Almost the entire currency risk on the foreign-exchange reserve's in-
vestments is transformed to euro by means of a spot foreign-exchange
trade and foreign-exchange swaps, cf. Chapter 6 on currency risk. Dan-
marks Nationalbank's activity in the foreign-exchange swap market con-
sists primarily of new foreign-exchange swaps as a consequence of the
expiry of previously concluded swaps. In other words, the foreign-
exchange swaps are "rolled over".

Danmarks Nationalbank concludes 3-5 foreign-exchange swaps per
day for an average value of approximately EUR 45 million. Danmarks
Nationalbank's trading volume in the forward foreign-exchange market
is, however, limited compared to the overall global activity. According to
the latest BIS survey of the foreign-exchange market (2001) foreign-
exchange swaps with a daily average turnover of more than USD 600
billion account for the largest daily turnover among the products on the
global foreign-exchange market.

INDICATIVE BID-OFFER SPREADS ON FOREIGN-EXCHANGE SWAPS Table 12.3
EUR/USD EUR/GBP EUR/SEK
0.1 0.2 0.3
0.2 0.4 0.4
0.2 0.5 0.5

Note: A bid-offer spread is the difference between the bid and the offer price for the forward premium used to deter-
mine the forward rate from the spot price. A spread of 0.1 will imply that the forward premium e.g. trades at -9.2/
-9.1. The negative premium is due to the lower 1-month interest rate in the USA than in the euro area. The for-
ward price will thus be 108.008-108.009 if the spot price is 108.10.
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Foreign-exchange swaps are typically concluded with a maturity of 1-2
months, since the very short-term segments are the most liquid, cf. Table
12.3. The allowed maximum maturity of a foreign-exchange swap is 100
days, cf. Danmarks Nationalbank's credit rules.

The low bid-offer spread for a foreign-exchange swap shows that the
costs are low due to the high liquidity.

The favourable liquidity also ensures that Danmarks Nationalbank can
transform the currency risk to euro without affecting the market. The
counterparties are 25 domestic and foreign banks.
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13. Measuring Performance

Performance is measured by comparing the return on the actual portfo-
lios to the return on the benchmark portfolios. A higher return on the
actual than on the benchmark portfolios entails positive performance.

Danmarks Nationalbank has measured the performance of the for-
eign-exchange reserve for a number of years and new calculation meth-
ods will soon be implemented. The new methods will, among other
things, enhance the opportunities for attribution analysis and also ex-
pand the performance calculations to include the domestic securities
portfolio. The plan is to implement the new performance module within
the framework of Danmarks Nationalbank's new portfolio management
system, PSS'. Attribution analysis makes it possible to identify the factors
underlying performance. For example, this can show the impact of mar-
ket development on performance and the performance attributable to
variations in returns in unchanged market conditions. The performance
calculations are therefore a tool for evaluating the investment process
and for analysing and quantifying the individual contributions to per-
formance.

When calculating performance it is important to consider any possible
differences in risk between the actual and the benchmark portfolio. In
more precise terms, the sole basis for assessment of the portfolio man-
ager must be whether the manager has contributed to achieving a re-
turn beyond the expected risk-adjusted return on the portfolio.

STRUCTURE OF BENCHMARK

Performance measurement is based on Danmarks Nationalbank's strate-
gic benchmark portfolios. Chapter 7 on interest-rate risk describes how
the structure of these benchmark portfolios is aimed to ensure sufficient
diversification of the interest-rate risk, as well as an appropriate level of
money-market investments for intervention purposes.

The benchmark portfolios are structured by selecting one or more
bonds within each maturity range and then allocating them a suitable
weight based on the total market value. The weights are determined so
that the krone duration fulfils the required distribution of maturity. If a
given maturity range comprises bonds from several countries, e.g. the

' pss is described in Chapter 14.
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STRUCTURE OF THE EURO BENCHMARK, KRONE DURATION IN PER CENT Chart 13.1

M German government securities B French government securities M Italian government securities

Note: The structure of the benchmark portfolio meets the krone-duration target. It should be noted that the contribu-
tion from the bank deposit to the krone duration is 0. Fluctuations in the bank deposit account for most of the
fluctuations in the market value of the portfolio.

Source: Danmarks Nationalbank.

euro portfolio, a fixed country key is also applied to the distribution of
the krone duration.

Only government bonds are included in the benchmark portfolio
structure. An account at BIS' is applied as the benchmark for bank de-
posits.

The continuous reduction of the remaining maturity of the bonds
means that duration is slowly reduced, so that the market value of an
instrument must be increased gradually in order to keep the krone dura-
tion constant in the given maturity range. This re-balancing of instru-
ment weights takes place on a daily basis. When an instrument ap-
proaches the lower end of the maturity range, a new instrument is
found with a remaining maturity at the upper end of the range.

The composition of instruments in the euro benchmark portfolio is
shown in Chart 13.1. 60 per cent of the krone duration is invested in
German government bonds, 20 per cent in French government bonds,
and finally 20 per cent in Italian government bonds. The portfolio also
includes bank deposits at BIS with a krone duration of 0. Currently a
total of 34 different government bonds from the three countries are
included in the benchmark. These are all highly liquid bonds of high
quality, and market data is easily accessible. The reason that only three

' See also Box 10.3 in Chapter 10 on credit risk.
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euro area member states are chosen is primarily to keep the structure of
the benchmark as simple and straightforward as possible.

On the other hand, the investment opportunities for the actual euro
portfolio are somewhat more extensive than those applying to the
benchmark portfolio. The actual portfolio allows for investment in gov-
ernment bonds from the euro area, and in bonds issued by government-
guaranteed entities and supranational institutions. The bank deposits
may be invested with institutions such as BIS, but also with commercial
banks.

On assessment of the return on the foreign-exchange-reserve portfo-
lios the actual return is compared to the return on the benchmark. The
return is thus measured relative to the strategic benchmark, which re-
flects Danmarks Nationalbank's fundamental investment strategy. The
difference between the return on an actual portfolio and a benchmark
portfolio is hereafter called performance. It should be noted that per-
formance can be positive, even though the return is negative, since per-
formance is a relative measure.

The difference between the returns on benchmark and actual portfo-
lios can be attributed to variations in interest-rate, credit and liquidity
risk, as well as the instrument composition and the timing effects of the
purchase and sale of bonds.

ORGANISATION AND POSITIONING

Interest-rate positions are taken at three levels at Danmarks National-
bank, cf. Chapter 7 on interest-rate risk. At monthly investment meet-
ings tactical-interest-rate positions in the 10-year segment are taken. In
practice, a tactical benchmark portfolio is constructed whereby 10-year
government securities are bought or sold against a reduction or increase
of the portfolio of money-market investments. This increases or dimin-
ishes the krone duration relative to the strategic benchmark. The tactical
benchmark forms an extra tier between the actual portfolio and the
strategic benchmark. The tactical benchmark subsequently serves as the
benchmark for the front office.

This is outlined in Chart 13.2, which shows the distribution of the stra-
tegic benchmark together with the tactical benchmark portfolio. In the
tactical benchmark portfolio an interest-rate position of 5 percentage
points is taken in the 10-year segment.

A krone-duration framework has been established around the matur-
ity distribution for the tactical benchmark, cf. Chapter 7 on interest-rate
risk. It is possible to take interest-rate positions within this framework
across the entire yield curve.
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DISTRIBUTION OF MATURITY AND POSITIONING, KRONE DURATION IN
PER CENT Chart 13.2

Per cent

45
40 /
35

30

25
20 e
15

10

0-2 2-4 4-6 6-8 8-
Maturity, years

= Upper limit, front office —Strategic benchmark, equal distribution
Positioning in tactical benchmark Lower limit, front office

Note: Example with an equal maturity distribution of the krone duration in the strategic benchmark. The grey area
shows the limits for the maturity distribution of the krone duration in the actual portfolio. The limits for the
maturity distribution are supplemented by an overall framework for the krone duration of +/- 10 percentage
points in relation to the krone duration for the tactical benchmark. The sum of the deviations for each maturity
segment has to fulfil this overall framework.

Source: Danmarks Nationalbank.

As described above, the actual portfolio may also be invested in other
bonds and bond types than those included in the benchmark. This may
entail higher credit and liquidity risk in the actual portfolio than in the
benchmark portfolios. In addition, purchases and sales during the day
may yield gains or losses. Finally, the actual portfolio also includes other
instrument types, including bond futures.

All in all, the above factors lead to variations in returns between re-
spectively the strategic benchmark, the tactical benchmark and the ac-
tual portfolio. The differences in returns are quantified and can be bro-
ken down in the calculation of performance.

CALCULATION AND DECOMPOSITION OF PERFORMANCE

Danmarks Nationalbank is about to implement new performance calcu-
lation methods. The new calculation methods will e.g. help Danmarks
Nationalbank to analyse the performance drivers and to include more
portfolios in the calculations. The global investment performance stan-
dards (GIPS) for private firms' execution and reporting of performance
calculations are of use in this respect. The GIPS standards are described
further in Box 13.1.
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The calculations to be included in the new system have not yet been
finally determined. However, the methods reviewed below make it pos-

GLOBAL INVESTMENT PERFORMANCE STANDARDS Box 13.1

Global Investment Performance Standards (GIPS) apply to the compilation and meas-
urement of performance conducted by portfolio managers1. Portfolio managers are
all types of financial institutions responsible for management of portfolios vis-a-vis a
customer segment. Even though central banks are not included in this category, it is
natural for them to take inspiration from the requirements and standards applying to
private capital managers in connection with the implementation of a new system for
the central bank's performance measurement.

The purpose of the standard is to achieve global acceptance of methods to compile
and present performance and thereby create transparency and comparability across
firms and countries. GIPS are divided into five sections, each describing the basic ele-
ments and requirements of the performance data. An extract of the requirementsZ is
presented below. Unless otherwise specified they are minimum requirements.

1. Input data. A firm must collect and maintain all data required for the calculation
of performance. Assets must be valued at market value. The market value of the port-
folios is as @ minimum to be compiled as of the end of each month. As from 1 January
2010 the requirements will probably be tightened to include re-calculation on every
instance of inflow or outflow of funds to or from the portfolio.

2. Calculation method. Performance must be based on total yield, including realised and
unrealised capital gains plus interest and dividend net of trading costs. The calculation
must be based on a geometrically connected time-weighted index (see Appendix D).

3. Structure of portfolio groups. Groups of portfolios must be defined to solely con-
tain portfolios with uniform investment strategies and objectives. The managed port-
folios must be kept separate from simulated portfolios such as benchmark portfolios,
and must not be included in the same portfolio group.

4. Specific information. It must be possible to state the proportion of the firm's
managed assets that are in compliance with GIPS. The percentage of the portfolio
group invested in countries or areas not included in the benchmark must be stated.
The use of gearing or derivatives must be stated.

5. Presentation and reporting. A total benchmark return must be stated for each
portfolio group. The benchmark must reflect the investment strategy or mandate ap-
plying to the portfolio group, and must be compiled for the same period as perform-
ance for the portfolio group. Targets for the yield spread must be reported for portfo-
lio groups. It is recommended (not a minimum requirement) to report relevant risk
targets together with the presentation of performance, for example volatility targets,
tracking errors, beta and adjusted duration.

If a firm complies with all GIPS requirements, it may submit a "compliance state-
ment" to investors and customers in connection with reporting of performance. A
firm's compliance with the GIPS standards can be verified by a third party if the firm
so chooses. The verification enhances the credibility of a GIPS compliance statement,
but is not a requirement so far. Verification is expected to become a GIPS minimum
requirement after 2005.

Global Investment Performance Standards, The Danish Society of Investment Professionals, 31 July 1999.
The above is a summary of the GIPS requirements.

2
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sible to construct a flexible performance system. The performance calcu-
lations are to be carried out within Danmarks Nationalbank's own risk
management system, PSS.

Calculation of index
Both the new and the old performance calculations are based on the
following portfolio return index:

(1) Index, = (T+r,, ) =(1+r, T+, )(T+r;)...... (1+r,1+r,)

where r, r,...,r., r,are the daily returns on the portfolio, and r,, is the
return accumulated over the period. The index is a multiplicative time-
weighted index (or a geometrically connected time-weighted index, cf.
Box 13.1 on GIPS standards) in which the return on the portfolio is calcu-
lated on a daily basis and multiplied over time in order to provide an
index for the return over a longer period.

The daily return is calculated as the change in the portfolio's market
value - adjusted for holding fluctuations — relative to the market value
at the start of the day. The adjustment for holding fluctuations during
the day makes the index robust vis-a-vis changes in the size of the port-
folio. This robustness is necessary since the size of the portfolios varies
over time and is generally beyond the range of the portfolio manager.
The characteristics and limitations of the index are described in further
detail in Appendix D.

The index is calculated for both benchmark and actual portfolios. Per-
formance is measured as the development in the index for the actual
portfolio relative to the development in the index for the benchmark
portfolios, cf. the example in Chart 13.3.

The portfolios and their respective benchmark portfolios are measured
in the same currency, so that exchange-rate fluctuations do not impact
on the portfolio performance.

Chart 13.3 shows that performance for the tactical benchmark has
been neutral during the specific period, while performance for the ac-
tual portfolios is positive at its end. However, it is not explained which
factors drives performance. What share of performance is attributable to
interest-rate positions and market development? What is the signifi-
cance of differing instrument compositions, including derived differ-
ences in credit and liquidity risk? Have purchase and sale at the right
time yielded considerable gains?

To answer these questions, the calculations must be expanded to in-
clude a formalised decomposition of the return on and performance of
the portfolio.
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EXAMPLE OF EURO PORTFOLIO PERFORMANCE Chart 13.3

Index
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= Actual portfolio/tactical benchmark Tactical benchmark/strategic benchmark
= Actual portfolio/strategic benchmark

Note: Actual portfolio/tactical benchmark is the return index on the actual portfolio relative to the return index on the
tactical benchmark.
Source: Danmarks Nationalbank.

Decomposition of return and performance

In the following, first the decomposition of the return on a single bond
in a single period is given. This breakdown is then applied to the de-
composition of performance at portfolio level.

In the first instance the return on a bond can be divided into the re-
turn on an unchanged market and the return after changes in the mar-
ket. The first is here termed the direct return on the bond portfolio or
the "carry", while the market development reflects capital gains and
losses attributable to the development in the yield structure, etc. Table
13.1 presents a further breakdown of the direct return on the bond and
the return attributable to market developments.

The detailed decomposition in Table 13.1 gives an accurate picture of
the origins of the bond return. The columns explain the respective direct
return and market development elements. The rows explain the size of
the total extra return on investing in e.g. a corporate bond rather than a
government bond. The various return components together comprise
the total return on the bond.

Table 13.1 is best explained by an example: consider a corporate bond
from General Motors. Assume first that the return structure remains
unchanged in the period under review. The total return in this period is
now the direct return comprising the coupon payment, as well as the
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BREAKDOWN OF BOND RETURN, PER CENT Table 13.1
Direct return
Return due to market Sum,
Maturity reduction development total return
Coupon (pull to par)
G.eneral r.yield structure, r.yield structure, ryield structure parallel shift r.yield struc-
yield structure +r
coupon maturity reduction yield structure, change in shape ture
Sectoral rsectoral spread, rsectoral spread, rsectoral spread, development rsectoral
spread
coupon maturity reduction spread
Instr.urnent- r.spech‘ic spread, r.spech‘ic spread, r.specific spread, development r.instrument-
specific spread ) ) ”
coupon maturity reduction specific spread
Su m, total rtotal coupon rtotal maturity rtotal market development rtotal
return
reduction

Note: The effect of maturity reduction is also known as the pull to par effect, and here it includes the effect from the
yield curve not being flat (roll down). See Appendix C on the effect of maturity reduction and Appendix D for a
detailed description of decomposition of return.

share of the price development attributable to the maturity reduction of
the bond, also known as the pull to par effect.

Comparison of the direct return on the General Motors bond with the
return due to the general yield structure, e.g. represented by the gov-
ernment return curve and the return according to a relevant sector
curve, e.g. a return curve for corporate bonds with the same rating as
General Motors, allows decomposition of the direct return on the bond
into the share attributable to the general yield structure; the extra re-
turn due to a sectoral spread; and the share attributable to an instru-
ment-specific spread on the bond.

The direct return according to e.g. the government yield curve is the
return on the General Motors bond had it been a government bond.
This return can again be divided into the coupon payment and the pull
to par effect along the government yield curve.

The extra return due to the sectoral spread comprises e.g. the payment
for the higher credit risk for corporate bonds in general, while the con-
tribution to the direct return from the instrument-specific spread is the
payment for company-specific risks associated with buying a General
Motors bond.

Gains and losses as a consequence of market developments can like-
wise be broken down into the part relating to the development in the
general yield structure, as well as the development in the sectoral spread
between the corporate-bond yield curve and the general yield structure,
and finally, the change in the instrument-specific spread relative to the
sectoral return curve, cf. Table 13.1.

An increase in government-bond yields will, for example, reduce the
price of the General Motors bond, unless for example the sectoral
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spread between the government and corporate yield curves narrows
equivalently. While development in the sectoral spread is driven by sec-
tor-specific factors such as deteriorating cyclical prospects, company-
specific information on General Motors will affect the development in
the instrument-specific spread.

In Table 13.1 the effect of the change in the general yield structure is
further divided into a parallel shift and a change in the shape of the
yield structure. In practice, this can be achieved by e.g. calculating the
parallel shift as the average of the change in the 2-, 5- and 10-year yields
and then residually determining the change in the shape of the yield
curve, cf. the example in Box 13.2. A more complex decomposition of
the development in the yield structure can be achieved by applying an
analysis of principal component, cf. Chapter 7 on interest-rate risk.

The breakdown in Table 13.1 is described in full detail in Appendix D.

In practice, the return on the total portfolio and the breakdown are
achieved by calculating return components for the individual bonds and
thereafter adding up the components to achieve the total return. Disre-
garding the effects of purchases and sales during the day, the perform-
ance, i.e. the difference between the return on the actual portfolio and
the benchmark, from time t to t+7 can be written as:

(2)P=r

actual portolio rbenchmark =

S S
ZS Aa)srtota/ coupon + ZS Aa)Srtota/ maturity reduction+

S S
ZS Aws r yieldstructure, parallelshift + ZS Aa)s ryieldstructure, changein shape +

S S
ZS Aws rsecoral spread, development + ZS Aws rspecificspread, development

where Aw, is the difference between the weight of bond s in the actual
portfolio and the benchmark portfolio respectively, and the r's stand for
the decomposition of the total return into its various components, cf.
Table 13.1. Equation (2) shows that performance is driven by the differ-
ences in the weights at which the individual instruments are included in
respectively the actual and the benchmark portfolios. The decomposi-
tion can be further refined by e.g. breaking down performance by ma-
turity, country or instrument type.

Danmarks Nationalbank's previous calculation of performance does
not allow for decomposition as in equation (2) so there are currently no
such results for Danmarks Nationalbank's portfolios. Instead, Box 13.2.
gives an example of a performance calculation for a fictive mini-
portfolio of two instruments.
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DECOMPOSITION OF PERFORMANCE: A CALCULATION EXAMPLE Box 13.2

In the following the yield on a 10-year French government bond with one annual
term and a 4 per cent coupon is broken down. The decomposition is then used to ex-
plain the performance of a portfolio consisting of the French government bond as
well as a bank deposit. The market value decreases from 101.93623 to 100.70629 day-
to-day from 14 to 15 July. No settlement payments fall due during this period, so the
return on the bond corresponds to the change in market price, i.e. -1.22994. The Chart
shows the development in the euro zero-coupon yield curve from 14 to 15 July broken
down as parallel shift and shape. The parallel shift is calculated as the average change
in the 2-, 5- and 10-year yields, and the change in the yield curve's shape is calculated
on a residual basis.

DEVELOPMENT IN THE EURO ZERO-COUPON YIELD CURVE FOR
GOVERNMENT BONDS

Per cent Percentage points
4.6 0.04

4.2

3.8

3.4

3.0

2.6

2.2 -0.08
1.8 -0.10
1.4 -0.12
1.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ S -0.14
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year
=14 July 2003 15 July 2003 == =Parallel shift Change in shape (right-hand axis)

Note: The euro yield curve for government bonds is estimated on the basis of the European benchmark govern-
ment bonds. Up to and including a maturity of one year these are French Treasury bills, while for longer
maturities they are German government bonds. If "change in shape" is zero, the movement of the yield
structure corresponds to a parallel shift.

The movement at the long-term end of the European yield structure corresponds to a
parallel shift, i.e. the contribution from "change in shape" is around zero. In the 1 to 5-
year segment the yield curve steepens a little. The yield on the French government bond
can be broken down via the formulae in Appendix D. The Table shows the result.

The direct return on the bond, i.e. coupon plus reduction of maturity, is positive at
DKK 0.013, of which DKK 0.0004 is attributable to a positive coupon spread. The mar-
ket development entails a negative performance totalling DKK -1.24. The parallel shift
of the yield structure contributes DKK -2.20, while the steepening at the short end of
the curve has the opposite effect, with a positive contribution of DKK 1.04. Finally,
the drop in the bond price is stronger than predicted by the theoretical model, which
gives a negative return of DKK -0.08.
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CONTINUED Box 13.2

DECOMPOSITION OF RETURN

1993 ‘ DKK ‘ Per cent

Direct return Coupon according to euro yield structure .. 0.0106 0.0104

Instrument-specific coupon premium .......... 0.0004 0.0004

Total reduction of maturity ......cc.ccceeceeeeennee. 0.0020 0.0019

Total direct return .........ccccceeeeoeecrcsceeencne. 0.0130 0.0127

Market development Parallel shift of euro yield structure ............ -2.1993 -2.1575
Change in the shape of the euro yield

CUIVE SNAPE oot 1.0386 1.0189

Change in the instrument-specific spread ... -0.0821 -0.0806

Total market development ..............ccccc...... -1.2428 -1.2192

Total return -1.2299 -1.2066

Note: Compiled per DKK 100 nominal.

This calculation can be applied to further analysis of performance. Assume, for exam-
ple, that the benchmark portfolio consists of 50 per cent bank deposits at an annual
interest rate of 2.2 per cent, and 50 per cent invested in the aforementioned govern-
ment bond. In the actual portfolio a short-term interest-rate position has been taken
with 60 per cent as bank deposits and the remainder invested in the government
bond. The performance is calculated and broken down in the Table below.

PERFORMANCE
Bench- Perform-
mark |Portfolio [ance, pct.
Per cent return return points
Direct return Coupon according to euro yield
ST G €S 0.0082 0.0078 -0.0004
Instrument-specific coupon pre-
MIUM e 0.0002 0.0001 -0.0000
Total reduction of maturity .............. 0.0010 0.0008 -0.0002
Total direct return ........cccceeeevecenene. 0.0093 0.0087 -0.0007

Market development Parallel shift of euro yield structure.. -1.0788 -0.8630 0.2158
Change in the shape of the

euro yield curve ........ccocveiiciiiiiiinne 0.5094 0.4075 -0.1019

Change in the instrument-specific

SPread ...coeeeereeieieeeieeee e -0.0403 -0.0322 0.0081

Total market development ............... -0.6096 -0.4877 0.1219
Total return -0.6003 -0.4790 0.1213

Note: Performance is measured as the difference between the relative return in per cent on the actual portfolio
and the benchmark portfolio respectively from 14 to 15 July. The relative return is not converted to annual
return.

Performance measured as the difference in relative return is positive at 0.1213 per-
centage points. The direct return makes a negative contribution to performance due
to the under-weighting of the long-term government bonds in the portfolio. The to-
tal effect from market development entails positive performance.
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Decomposition for a longer period

In (2) return and performance are solely calculated from t to t+7, i.e. for
a single period, but in practice the focus is not on day-to-day return and
performance, but on return and performance over a longer period. It is
therefore necessary to aggregate the daily contributions in order to e.g.
explain the monthly performance. Appendix D shows how the decompo-
sition can be adjusted so that the daily return components add up to the
total return for the period.

INTERPRETATION OF PERFORMANCE RESULTS AND CHOICE OF HORIZON

The performance results must be interpreted with a degree of caution.
The performance calculation described in Box 13.2 first and foremost
illustrates the origins of performance and the key source of performance
in the period measured. Secondly, the performance calculation can be
used as an indicator of the quality of the day-to-day portfolio manage-
ment.

Positive performance in a particular period may be attributable to
random factors such as positive market development. Performance cal-
culations for a number of periods are therefore necessary to determine
the quality of portfolio management. Furthermore, the calculations can
be supplemented with statistical tests for performance significantly dif-
ferent from zero. These tests can be applied to both the overall per-
formance and the individual performance components'.

Assessment of the quality of portfolio management must also take ac-
count of any possible systemic differences in risk and return between the
actual and the benchmark portfolio. If there is a generally higher credit
risk and therefore a higher return in the actual portfolio than in the
benchmark portfolio, this must be taken into account prior to the per-
formance evaluation. In more precise terms, the sole basis for assessment
of the portfolio manager must be whether the manager has contributed
to achieving a return beyond the expected risk-adjusted return on the
portfolio.

A decision on the frequency of performance reporting must include
consideration of the possible effects on behaviour. Frequent perform-
ance reporting — e.g. on a daily basis — may reduce the willingness to
take positions. On the other hand, longer intervals between perform-
ance assessments will reduce the value of the results.

! In Grinold (1989) and Kahn (1991) it is shown how the information ratio can be applied to testing
whether the daily portfolio management makes a positive contribution to performance.
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EXAMPLE OF DAY-TO-DAY PERFORMANCE Chart 13.4
Percentage points
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curve yield curve instrument-specific
spread

Note: Results from the Table of performance results in Box 13.2.
Source: Danmarks Nationalbank.

This is best illustrated by an example. If a dealer takes a position in a
credit bond, the return will be dominated in the short term by the vola-
tility of the return spread, while the extra direct return, i.e. the compen-
sation for the credit risk, will materialise slowly in the longer term. This
observation is illustrated by the performance example in Box 13.2 where
the return components attributable to the market development by far
overshadow the contribution from the variations in the direct return, cf.
Chart 13.4. Excessive focus on day-to-day performance may therefore
lead to smaller interest-spread risks being taken because in the short
term this will increase the risk of negative performance.
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14. 1T Systems for Financial Management

In parallel with the development of risk management theory, advances
within IT have made it possible to implement new risk management
methods. At the same time, the range of financial products and the vol-
ume of transactions have increased, supported by technological innova-
tion and the liberalisation of the financial markets. Since IT has thus
become a direct prerequisite to operating as a modern financial institu-
tion, the use of IT is considered to be of high strategic importance to
Danmarks Nationalbank, as is the case for many other organisations.

This chapter describes how Danmarks Nationalbank's IT systems sup-
port financial management, and the background to the existing struc-
ture. There is special emphasis on the description of the new portfolio
management system (PortefgljeStyringsSystem, PSS), which has been
developed in-house, and which provides a full overview of the portfolios
of Danmarks Nationalbank and the central government. On a daily basis
PSS calculates all relevant key figures that are used for control of com-
pliance and further analysis. All results are made available to users by
means of an internal web portal.

APPLICATION OF INFORMATION TECHNOLOGY IN DANMARKS
NATIONALBANK'S PORTFOLIO MANAGEMENT

Danmarks Nationalbank's application of IT in its portfolio management
is based on decentralised systems and responsibility for such systems.
However, the departments still work closely together on IT projects, and
staff from different departments may participate in each other's pro-
jects. Danmarks Nationalbank has so far decided to do without the large
portfolio management systems used by many financial institutions. In-
stead, it has opted for smaller systems that to a large extent can be op-
erated in-house, and that are based on standard technology, so that a
broad-based, reliable knowledge base can be built up concerning the
solutions used. The systems should be open and enable data exchange
via standard methods.

Danmarks Nationalbank has had the opportunity to develop a new
risk management system, PSS, that is tailored to the risk management
concept of both Danmarks Nationalbank as well as the central govern-
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ment'. The system has been developed in the SAS® program (from SAS
Institute), which is in widespread use at Danmarks Nationalbank, and
which allows for very flexible use of data. PSS also provides new oppor-
tunities for front-office data application for analysis and to support trad-
ing.

Technological advances have led to more and more trading in financial
instruments taking place by means of electronic trading plat-
forms/systems. Such systems are integrated with back-office systems on
an ongoing basis in order to eliminate manual registration of trades.
Finally, back-office functions are increasingly using standard systems at
"Bankernes EDB Central" (BEC)’, making the data easily accessible via
the PSS risk management system.

DANMARKS NATIONALBANK'S PORTFOLIO MANAGEMENT SYSTEM, PSS

The day-to-day management of Danmarks Nationalbank's market risk is
based on targets for exposure expressed as krone duration and convex-
ity, and in some areas an absolute market value all of which are calcu-
lated in PSS on a daily basis.

With the introduction of PSS all portfolios — including derived products
such as forward foreign-exchange contracts — are placed in the same
system with the same key figures calculated according to uniform prin-
ciples. Data for all portfolios is structured as a small number of uniform
tables across feeding systems and instruments. This makes the data eas-
ier to access and understand than previously when data was stored and
processed in several different systems.

As mentioned earlier, Denmark's government debt is managed by
Danmarks Nationalbank, whereby the central government's portfolios
are also included in PSS. Central-government debt is booked separately
from Danmarks Nationalbank's bookkeeping, but data is retrieved by
PSS, market values and key figures are calculated in the same way as for
Danmarks Nationalbank, and all data is stored in tables structured ac-
cording to the same principles as for Danmarks Nationalbank. For mar-
ket and master data it has been taken into account that the data re-
quirements are identical, and therefore data is shared by the central
government and Danmarks Nationalbank. By combining the technical
sides of the risk management of the central government and Danmarks
Nationalbank considerable economies of scale have been achieved in
terms of implementation and operation, as well as considerable gains

4
, The Danish government borrowing and debt is managed by Danmarks Nationalbank.
BEC is an external IT centre used by Danmarks Nationalbank for a variety of IT services.
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from staff working on the same system. All results and tools are accessi-
ble by means of a web portal.

Risk management is based on accounting entries by back-office func-
tions. It is an important principle that holdings are calculated by trading
date, and not by value date, since exposure to market fluctuations or
credit events arises as soon as the trade has been concluded. Data should
therefore be available by contract date with clear details of both trading
and value date. Key figures are calculated on positions at the close of
the previous banking day every morning before the markets open. To
the extent possible, the calculations are based on closing prices from the
various markets worldwide. PSS reports are used to check compliance
vis-a-vis market risks. In this way the portfolio manager can start the day
with a good overview of the investment position.

PSS technology

PSS is programmed in the SAS database program, which is already used
by Danmarks Nationalbank, elsewhere in the financial sector and by
universities. Among the many SAS modules is Risk Dimensions, which
gives access to a number of functions that can be applied to financial
risk management. PSS runs on an ordinary MS Windows server, and staff
in risk management in cooperation with the IT department handles the
day-to-day operations.

Implementation of PSS was mainly carried out by Danmarks National-
bank's own staff and can be broadly divided into four main areas: data
compilation and structuring, calculations, storage, and reporting and
analysis, cf. Chart 14.1.

Data compilation and structuring are important and extensive ele-
ments of risk management since it is necessary to have access to and
understand basic financial data in order to make the necessary and cor-
rect calculations, and because data restructuring ultimately becomes
part of the result of risk management work. By analysing the data,
knowledge is gained of how the financial transactions are carried out
and registered. This is important for the actual implementation of risk
management and the subsequent day-to-day operation.

Data processing is complicated by the fact that Danmarks National-
bank, like most other organisations, requires a large number of data
sources to gain a complete overview of its portfolios. PSS thus re-
trieves data from 15-20 different systems and tables, which requires
the use of many different technologies and updating principles. In
practice, the use of so many systems has proved to be a source of in-
stability since there may easily be at least one system that presents
problems.
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STRUCTURE OF DANMARKS NATIONALBANK'S RISK MANAGEMENT

SYSTEM, PSS Chart 14.1

Data compilation
and structuring

Prices and
interest rates

Holdings and
transactions

Master data

External External

Base SAS

calculation calculation
Foreign T Domestic Calculations
portfolios SAS/Risk Dimensions portfolios
(FEA) (RIO)
—
SAS Dublicated
storage
SQL
Web portal
====== === Reporting and
HTML Excel SAS/RiskDimensions analysis

Calculations predominantly comprise the pricing methods that define
the calculation of market values, krone durations and convexities for the
portfolios of Danmarks Nationalbank and the central government. Prior
to programming, the instruments of Danmarks Nationalbank and the
central government were analysed so that common features and differ-
ences could be found and used in the programming. For instance, inter-
est-rate swaps are implemented as a combination of fixed-rate and
floating-rate bullet loans. The many instruments used by Danmarks Na-
tionalbank are in the same way reduced to a far smaller number of spe-
cific pricing methods.

The actual calculation of key figures takes place in external functions.
SAS/Risk Dimensions comprises among other things a supplementary
programming language and integration technology for integration with
calculation routines from other suppliers. The pricing-method program-
ming thus consists of establishing relations between the organised input
data and the external routines, and of submitting results back to the SAS
database in the required format.

The calculations for the foreign portfolios are made in "Interest Li-
brary" from FEA (Financial Engineering Associates), which provides a
number of key figures for many types of financial products. The choice
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of FEA was based on the possibility of integration with SAS, coverage of
instrument types and key figures, flexibility, and price. Calculations on
the portfolio of domestic securities are made via RIO, developed by
Scanrate. RIO has been used by Danmarks Nationalbank for some years
and offers both calculation routines and data for Danish securities, in
particular callable mortgage-credit bonds, which traditionally constitute
a considerable portfolio management challenge. To create a single co-
herent risk management system, Scanrate has developed a technical
interface from SAS to RIO, so that data and calculations in RIO can both
be accessed from PSS.

A challenge in relation to price-method work is to ensure that the cal-
culated cash flows are as correct as possible. Different trading conven-
tions, interest-rate conventions, etc. make this work difficult and time-
consuming, and it has proved difficult to ensure correct use of master
data. Financing theory considerations were often overshadowed by
these market- and instrument-specific considerations.

When storing and reporting data and results, importance is attached
to simplicity and flexibility by providing several different methods to
access PSS data and making these available via an internal web portal.
The daily compliance statements for the krone-duration management
and a wide range of reports with market values and interest-rate expo-
sures are displayed directly as HTML reports, as illustrated in Chart 14.2.

EXAMPLE OF EXPOSURE OVERVIEW FROM PSS Chart 14.2
I
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KRONE DURATION AS A FUNCTION OF YIELD-CURVE SHIFTS Chart 14.3
I
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Note: The Chart illustrates that the duration of the domestic portfolio is greatly affected by the level of interest rates,
due to the callable mortgage-credit bonds in the portfolio. The graph was produced by calculating the krone du-
ration for 17 different interest rate curves.

Predefined pivot tables in Excel allow for further breakdown of data or

alternative layouts, and finally all data for each individual portfolio can

be retrieved directly from SAS or Danmarks Nationalbank's SQL server,
where data is also stored. The basic data is identical wherever it is
stored, and is protected against editing and deletion.

A major advantage of the system is that all positions and key figures
are available historically in their most decomposed form, i.e. per holding
in each sub-portfolio. This makes it relatively easy for users to make
long-term analyses, and it is possible to make retroactive changes in
connection with adjustments of an overall nature, e.g. changes in port-
folio structure or calculation methods. An example of a more complex
calculation is given in Chart 14.3.

While day-to-day risk management is carried out by the use of expo-
sure targets, exposure bands and the investment policy in general are
also determined on the basis of risk calculations expressed as e.g. Value-
at-Risk (VaR), or various types of stress test. For this purpose PSS data is
used, but calculations are made in Risk Manager from RiskMetrics
Group, while stress tests are made in Microsoft Excel.

To a large extent PSS comprises the transactions required to compile
performance. PSS operates with a flexible portfolio and holding concept
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that makes it relatively simple to build up and maintain a benchmark
portfolio. Finally, PSS allows pricing on the basis of both theoretical and
actual prices, and various yield curves can be applied to the theoretical
pricing. These features comprises the technical foundation for the new
performance module, cf. Chapter 13.

IT security considerations

Since IT is used for all major functions at Danmarks Nationalbank, an IT

security policy and guidelines for Danmarks Nationalbank's use of IT

have been developed, cf. Chapter 11 on operational risk. In connection

with the introduction of PSS, and in particular with a view to its contin-

ued use and further development, emphasis is on the following aspects:

e Access control
Access control is based on the PC network's normal user-identification
system with passwords. In addition, users are assigned specific rights to
read, edit and delete PSS data and code. Access control is intended to
protect against unintentional editing of code and data so as to avoid
errors and troublesome restoration.

o Test
Risk management is a difficult discipline involving many complex
calculations. Therefore results from several stages of the data flow
were compared with data from existing systems as well as external
sources such as Bloomberg. This test helped to disclose errors and
develop tests for future use.

» Separation of environments
To ensure a secure and flexible maintenance process in the future,
considerable time was devoted to finding a suitable way to manage
the separation of development, testing and production. It is now pos-
sible to handle decentralised in-house development of both small and
large projects, while also maintaining centralised version and quality
control of all software updates.
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ANNEX: CONSIDERATIONS ON CHOOSING A NEW RISK MANAGEMENT
SYSTEM

On planning the introduction of a new risk management system, a far
larger project was considered whereby the front-, middle- and back-
office systems were replaced by one comprehensive system. This strategy
was rejected since the project would be very expensive and protracted
and entail major project risks. The arguments for a comprehensive sys-
tem solution are often easier maintenance, fewer interfaces, real-time
processing, etc., but other institutions' experience in this area showed
that it is often necessary to carry out follow-up projects and purchase
extra products, and the final result is often more interfaces than ex-
pected and a large number of external consultant hours.

In addition, the departments involved had very different requirements
and wishes regarding future system development. This was another rea-
son that separate system modernisation projects would be an advan-
tage.

On implementing portfolio-management systems the emphasis is of-
ten on concepts such as Straight-Through Processing (STP) and Real-Time
Processing (RTP). STP means that the data flow must be as automatic as
possible so as to eliminate manual processes, while RTP comprises ongo-
ing position and key figure updates as transactions take place and inter-
est rates and prices change. With the decision to only develop a new risk
management system and to combine it with decentralised systems, the
STP and RTP requirements were given lower priority. It was assessed that
STP was not a top priority since the number of transactions conducted
by Danmarks Nationalbank is not high, and because the manual func-
tions involve very few errors. At the same time, it will be possible to
introduce STP gradually between front- and back-office functions where
there is the highest volume of manual work.

Danmarks Nationalbank also assessed that in terms of risk management
it is justifiable to make the calculations only once a day, and that the pri-
mary consideration must be that the portfolio manager has an overview
of the portfolio and can make the required analyses. This has been
achieved without RTP, thereby avoiding a costly and complicating factor.

It was therefore decided that systems could be replaced gradually in
the relevant departments, and that whenever possible the solutions
should be based on standard programs, open technologies, PC-based
solutions to a large extent, and a high degree of internal commitment
to the solutions. The result is expected to be solutions that function to-
gether, a high knowledge level within Danmarks Nationalbank, and
more flexible and less costly projects, involving fewer project risks.
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In-house development?

An argument for accepting in-house development of PSS was the need
for the risk management unit to understand all aspects of financial
transactions. It is not sufficient merely to be familiar with general char-
acteristics of the instruments selected. The risk management unit should
also know about back-office processing, understand cash flows, be able
to calculate key figures, and understand the development in the aggre-
gated portfolios that are managed on a day-to-day basis. This is an im-
portant prerequisite to maintaining a close day-to-day dialogue with the
back and front offices.

The drawback of this strategy is the risk that specific, critical knowl-
edge is held by individual staff members who may leave their positions
for one reason or another. Consequently, priority has been given to en-
suring broad-based knowledge of the system's functionality, operations
and maintenance.






Appendices






155

A. Callable Mortgage-Credit Bonds

Callable Danish mortgage-credit bonds constitute a significant propor-
tion of the portfolio of domestic securities and account for most of the
volatility in the krone duration of the portfolio.

The reason is that the interest-rate exposure of a callable bond is
greatly influenced by the level of interest rates in relation to the bond's
coupon rate. The closer the bond gets to par value, the greater the
probability that it will be redeemed prematurely, meaning that investors
will not pay a higher price for the bond. The price thus becomes less
sensitive to falling interest rates, and the pricelyield ratio shows nega-
tive convexity.

This must be taken into account in risk management, and the trade-off
between expected returns and risk must be based on option-adjusted
key figures, where the price of the call-option is estimated and incorpo-
rated in the key figures.

THE DANISH MORTGAGE-CREDIT MARKET

In Denmark the purchase and construction of real property are tradi-
tionally financed by issuing mortgage-credit bonds. The mortgage-credit
institutes grant loans against real property as collateral based on the
proceeds from selling bonds in the financial market.

The borrower receives the proceeds from the bonds sold. The yield to
maturity on the loan is thus the same for the borrower and the owner of
the bond. For the mortgage-credit institute there is therefore no imme-
diate market risk related to the development in interest rates, since the
interest payments and loan repayments received from the borrowers are
counterbalanced by the mortgage-credit institute's payments to the
bond owners, called the balance principle. In addition, the borrowers
pay a fee to the mortgage-credit institute.

Since the loan is granted within statutory limits against real property
as collateral, the credit risk incurred by the mortgage-credit institute is
very small, provided that the property has been valued on a realistic
basis. If the borrower does not service the loan as agreed, the mortgage-
credit institute may effect the enforced sale of the property according to
a specific procedure.
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THE MORTGAGE-CREDIT INSTITUTES' DOMESTIC LENDING BY LOAN TYPES,

YEAR-END Table A.1
Adjustable- [Other nominal| Index-linked

DKK billion rate loans loans loans Total
1999 59.7 877.5 113.7 1,050.9
2000 . 99.8 882.4 113.1 1,095.4
2007 <o 245.7 836.5 109.6 1,191.8
2002 .. 365.0 816.0 103.6 1,284.6
2003 JUIY i 434.2 822.8 102.0 1,359.1

Note: Comprises loans in DKK and foreign exchange.
Source: Danmarks Nationalbank, Financial Statistics, 3rd Quarter 2003.

The mortgage-credit institute will only incur a loss if the property is sold
at a lower value than the loan from the mortgage-credit institute.' If the
mortgage-credit institute is subject to compulsory liquidation, the bond
owners rank before other creditors, i.e. they have a preferential posi-
tion.?

Until the latter part of the 1990s the bonds issued were primarily call-
able bonds with a fixed coupon throughout the maturity of the loan.’ If
the price of the callable bond exceeds its par value, the borrower is enti-
tled to redeem the loan prematurely at par (i.e. to prepay the loan). If
the price is below par, the borrower may also redeem the loan by deliv-
ering the bonds, i.e. purchasing them at market price. The fixed-rate
callable bonds are still predominant, but adjustable-rate loans with un-
derlying uncallable fixed-rate bonds have come into widespread use in
recent years, cf. Table A.1.°

Since 1 October 2003 it has also been possible to obtain deferred-
amortisation mortgage-credit loans. The underlying bonds are either
uncallable bonds, which are also applied to adjustable-rate loans, or
new 10- or 30-year callable bonds. The callable bonds are similar to the
existing 30-year bonds, but the borrower has the additional option to
defer amortisation for up to 10 years.

In addition, internal guarantee systems often apply between a bank acting as intermediary for the
loan and the mortgage-credit institute issuing the loan. The bank guarantees the lowest/last-ranking
part of the mortgage-credit loan for a limited number of years. For an owner-occupied home fi-
nanced by mortgage-credit for 80 per cent of the property value, the banking institution may e.g.
guarantee the last-ranking 20 percentage points of the loan, cf. Financial Stability, page 36, Dan-
marks Nationalbank, 2003.

See Gjede, Houman and Pedersen (2001) for an elaboration on the Danish mortgage-credit system.
Disregarding index-linked loans, which previously dominated the financing of subsidised housing
projects.

4 In this respect the Danish mortgage-credit market differs from e.g. the US market, where borrowers
cannot redeem loans by delivering the bonds at their market price.

For details, see Christensen and Kjeldsen (2002).
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CALLABLE BONDS

A callable bond can be seen as a purchased uncallable bond and a sold
option entitling the borrower to redeem the loan at par value. This
bond entails not only interest-rate, credit and liquidity risk, but also a
prepayment risk, which must be compensated for, cf. Chart A.1. Prepay-
ment risk is the risk that the borrower redeems a bond yielding a high
return compared to the market level, so that the funds would be re-
invested at a lower yield.

Compared to a government bond, a callable mortgage-credit bond
thus contributes liquidity, credit and prepayment risk, which must be set
against the expected excess return vis-a-vis a government bond. The
prepayment risk is normally the most important of the three risks and
depends on the level of interest rates in relation to the bond's coupon
rate, as well as the volatility of the interest rate.

Level of interest rates in relation to coupon rate

The lower the market interest rate in relation to the bond's coupon rate,
the higher the probability of the borrower to prepay and renew the
loan at a lower interest rate. This means that the price increases less and
less when interest rates are falling, and it is therefore unlikely that the
price of a callable bond will rise much above par. This is illustrated in

PRICE FORMATION ON A CALLABLE BOND Chart A1
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Prepayment risk
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THE IMPACT OF THE OPTION ELEMENT ON PRICE FORMATION Chart A.2
Price
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Yield to maturity on 6 per cent government 2011
== 6 per cent government bond 2011 6 per cent mortgage-credit bond 2032

Note: Yields and prices for the period 4 May 2000-23 September 2003.
Source: Danmarks Nationalbank.

Chart A.2. The price can exceed par value due to behavioural effects,
transaction costs, tax, notice periods, etc.

Interest-rate exposure, expressed as the slope of the curves, is virtually
constant for the government bond. For the mortgage-credit bond, how-
ever, interest-rate exposure declines significantly when interest rates are
falling, i.e. the convexity of the curve is negative.' At a very low level of
interest rates there may even be a positive relation between yield and
price, i.e. the interest-rate exposure of the bond becomes negative.

Interest-rate volatility
Volatility is a risk factor just like interest and exchange rates. The greater
the interest-rate volatility, the higher the probability that it will be fa-
vourable to exercise the option, and the higher the value of the op-
tion/prepayment right. In other words, in periods of high volatility in
interest rates an investor does not wish to pay such a high price for the
bond, since the option sold by the investor has become more valuable to
the borrower.

This means that if the option is sold at a given volatility level, a loss is
incurred if the volatility subsequently increases, since the price of the
bond decreases, cf. Chart A.3.

1 . . — L
In mathematical terms interest-rate exposure corresponds to the 1st derivative on the price/yield
curve, while the exposure of the interest-rate exposure to changes in interest rates corresponds to
the 2nd derivative on the curve.
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IMPACT OF INTEREST-RATE VOLATILITY ON THE THEORETICAL PRICE Chart A.3
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Note: Calculated for a 5 per cent mortgage-credit bond with term date in 2029.
Source: Danmarks Nationalbank.

MODEL FOR CALCULATING KEY FIGURES FOR CALLABLE BONDS

Due to the option element, there is uncertainty regarding the future
cash flow for the mortgage-credit bond. An option is in itself difficult to
manage, and an option to prepay is further complicated by a number of
circumstances. For instance, the borrower's behaviour depends on the
refinancing alternative, i.e. the terms for the new loan. In addition,
there are costs related to prepayment, and the borrower may also be
influenced by other factors such as hearing about prepayments in the
media. Estimating the price of the option is also complicated by the so
called "burn-out" factor. The burn-out factor is related to the fact that
prepayments typically are lower for a bond series, if the bond series ear-
lier on has been through periods with prepayments.

It is thus difficult to set the price of a callable mortgage-credit bond
and to calculate key figures such as interest-rate exposure. This requires
a mortgage-credit model which, in simple terms, comprises two compo-
nents: a interest-rate model and a prepayment model. The interest-rate
model describes the dynamics of the yield structure and creates scenarios
for future interest rates. The prepayment model describes the borrow-
ers' prepayment behaviour as a function of the level of interest rates
and various background variables.

With a mortgage-credit model key figures can be calculated for the
bonds, taking into account the option element. For instance, the option-
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OPTION-ADJUSTED KEY FIGURES FOR SELECTED BONDS Table A.2

Danske Bank Nordea Nykredit Bank

OAS OABPV OAS OABPV OAS OABPV

4 per cent mortgage credit 2035 .... -7 8.88 -4 9.44 -8 8.41
5 per cent mortgage credit 2035 ... 30 7.87 50 8.95 28 7.33
6 per cent mortgage credit 2035 .... 43 4.90 42 3.21 33 3.33

Note:  OAS is the option-adjusted spread to the swap-yield curve in basis points. OABPV is the option-adjusted dura-
tion as the change in price on a change in the yield curve by 100 basis points. Key figures for 8 October 2003.
Sources: Danske Bank, Nordea and Nykredit Bank.

adjusted duration indicates a bond's interest-rate exposure, taking into
account the possibility that the bond may be redeemed prematurely at a
low level of interest rates compared to the bond's coupon rate.

There are several models for calculating key figures for callable bonds,
and some financial analysts/institutions have developed their own mod-
els. To calculate the duration of the callable mortgage-credit bonds,
Danmarks Nationalbank applies an external model, RIO, which is also
used by other market participants. The model is outlined in an Annex to
this Appendix.

The calculation for callable mortgage-credit bonds thus involves a
model risk, since the calculated key figures are greatly dependent on the
model's assumptions, e.g. the borrower's behaviour. Key figures for a
bond may thus vary among market participants as a result of different
models and assumptions, cf. Table A.2, which shows three banks' option-
adjusted key figures for three callable bonds. The calculations should be
viewed critically and possibly compared with other calculations. More-
over, it might be useful regularly to test the model's results against the
actual development.

Example of use of a mortgage-credit model

Despite the model risk, calculations that take account of the option ele-
ment give a far more correct picture of the bond risk than if the bond is
merely regarded as uncallable. Chart A.4 shows the interest-rate expo-
sure for a callable mortgage-credit bond, calculated as the change in
price on a change in the yield curve by 1 basis point. The Chart shows
the exposure both when the bond is regarded as uncallable and when
the option element is taken into account.

If the bond is regarded as uncallable, the interest-rate exposure in-
creases marginally as a result of the falling interest rate. At end-
September 2003 the interest-rate exposure was 0.10 points, i.e. the price
would fall by 0.10 points on an increase in interest rates by 1 basis point
at the given level of interest rates.
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INTEREST-RATE EXPOSURE FOR A CALLABLE MORTGAGE-CREDIT BOND Chart A4
Points Yield
0.12 6.5
0.10 6.0
0.08 5.5
0.06 5.0
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-0.02 3.0
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=|nterest-rate exposure if uncallable Option-adjusted interest-rate exposure

= 10-year government-bond yield (right-hand axis)

Note: Interest-rate exposure is calculated as the change in the price on a change in the yield curve by 1 basis point.
Source: Danmarks Nationalbank.

Chart A.2 shows that the interest-rate exposure for a callable bond de-
clines when interest rates are falling. That is indicated by the option-
adjusted interest-rate exposure. The low market rate in relation to the
bond's coupon rate has reduced the interest-rate exposure of the bond
significantly. At end-September 2003 the option-adjusted interest-rate
exposure was 0.01 points, i.e. only 1/10 of the non-option-adjusted in-
terest-rate exposure.

CONVEXITY

The declining interest-rate exposure in connection with falling interest
rates corresponds to the curvature of the pricelyield curve, cf. also Chart
A.2. This is known as "negative convexity". The curvature means that
the exposure measure cannot just be scaled to different interest-rate
changes. Calculation of the capital loss in connection with a change in
interest rates is only "correct" for a marginal change in interest rates. If
the calculated interest-rate exposure is merely multiplied by a larger
change in interest rates, the actual capital loss in connection with an
increase in interest rates is underestimated, while the capital gain in
connection with falling interest rates is overestimated. The greater the
curvature, the greater the error. In order to calculate the precise inter-
est-rate exposure for a given change in interest rates, the price change
at this change in interest rates must be calculated directly.
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THEORETICAL PRICES CALCULATED ON CHANGES IN INTEREST RATES Chart A.5
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Source: Danmarks Nationalbank.

For an uncallable bond the curvature is reversed. In other words, convex-
ity is positive, and the capital loss will be overestimated on an increase in
interest rates, while the capital gain will be underestimated on a de-
crease in interest rates. Typically, the positive convexity for uncallable
bonds is insignificant, however, compared to the negative convexity for
callable bonds close to their par value.

As a consequence of the convexity, the interest-rate exposures for two
bonds with the same interest-rate exposure at the given level of interest
rates may develop differently on a change in interest rates. How sensi-
tive the interest-rate exposure of a bond is to changes in interest rates,
depends on the level of interest rates in relation to the bond's coupon
rate. In Chart A.5 the theoretical price for three callable bonds has been
calculated for different changes in interest rates.

All three curves show the observed relation between the interest rate
and the price of callable bonds (negative convexity). At the given level
of interest rates, the 5 per cent bond will "behave" like an uncallable
bond in connection with minor interest-rate changes, but on large de-
creases in interest rates the bond will be "prepayment threatened" and
the price will become less sensitive to interest-rate changes. The interest-
rate exposure of the 6 per cent bond is very low at the given level of
interest rates, where the price is above par, and the bond is "prepay-
ment threatened". On a large increase in interest rates, the interest-rate
exposure will increase significantly, since the bond will then be less



163

OPTION-ADJUSTED INTEREST-RATE EXPOSURE TO CHANGES IN INTEREST

RATES Chart A.6
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Source: Danmarks Nationalbank.

threatened by prepayment. The interest-rate exposure for the 7 per cent
bond is negative. This reflects that the bond is so threatened by pre-
payment at the given level of interest rates that a further drop in inter-
est rates will entail a lower price. The relation can also be illustrated via
an "S curve", cf. Chart A.6.

In Chart A.6 the option-adjusted interest-rate exposures to different
changes in interest rates have been calculated. The zero point shows the
bonds' interest-rate exposure at the given level of interest rates on the
calculation date. For the 5 per cent and 6 per cent bonds these are re-
spectively 0.05 and 0.01 points on a change in interest rates by 1 basis
point. The interest-rate exposure of the 7 per cent bond is negative since
the risk that the bond is prepaid at par if interest rates fall is very high,
cf. also Chart A.5.

The impact on exposure to changes in interest rates is not identical for
the three bonds. On a drop in interest rates by 0.5 percentage point the
interest-rate exposure of the 7 per cent bond will remain more or less
unchanged, while the interest-rate exposures of the 5 per cent and 6 per
cent bonds will be reduced since they become more threatened by pre-
payment. Particularly the interest-rate exposure of the 5 per cent bond
will decline significantly on a drop in interest rates.
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EXTRAORDINARY PREPAYMENTS AND THE INTEREST-RATE DEVELOPMENT Chart A7
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Sources: Copenhagen Stock Exchange, Danmarks Nationalbank and own calculations.

EMPIRICS OF EXTRAORDINARY PREPAYMENTS

The duration of the 30-year mortgage-credit bonds would typically be 8-
10 years if the prepayment option were not taken into account. During
the past 10 years the market has seen extraordinary prepayments of
mortgage-credit bonds for DKK 1,455 billion, cf. Chart A.7." The average
duration of the 30-year bonds can thus be considerably lower than 8-10
years, depending on the interest-rate development in relation to the
bonds' coupon rates.

One effect of these prepayments has been that a large proportion of
the 30-year mortgage-credit bonds with a coupon of 6 or 7 per cent is-
sued within the past 10 years have already disappeared from the market
again. They have either been purchased in the market or prepaid ex-
traordinarily. For instance, the outstanding volume of 30-year mortgage-
credit bonds with a coupon of 6 per cent maturing in 2026 has by the
end of October 2003 been reduced to only 22 per cent of the highest
outstanding volume. If the only reductions had been the ordinary re-
demptions, the circulating volume in the series would have been 86 per
cent at the end of October 2003.”

' For comparison, the circulating volume of mortgage-credit bonds was DKK 1,518 billion in September
2003.
For further details, see Knudsen (2003).
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ANNEX: DANMARKS NATIONALBANK'S MORTGAGE-CREDIT MODEL IN
RIO'

In simple terms, a mortgage-credit model comprises two components: a

interest-rate model and a prepayment model. Nationalbanken use a

BDT-model as a interest-rate model.” The calculations can be broken

down into the following five steps:

o A number of interest-rate scenarios are created.

e The present value of the mortgage-credit bond is calculated for the
borrower on the basis of the interest-rate scenarios, assuming that the
loan runs until maturity.

e On the basis of the present value the borrower's prepayment gain is
calculated.

e On the basis of the prepayment gain, etc. a redemption ratio is calcu-
lated for the mortgage-credit bond in question.

e On the basis of the estimated redemption a new cash flow for the
bond is determined, from which the theoretical price, etc. can be de-
termined.

The structure of Danmarks Nationalbank's mortgage-credit model is
illustrated in Chart A.8.

Interest-rate model

The first stage is to set up the current yield structure and a volatility
assumption for the interest rate. Both of these are required to create a
binomial tree, which is used to indicate possible scenarios for the future
development in interest rates, cf. Chart A.9.

At a given time, t, the rate of interest equals r. At time t+1 the rate of
interest may be higher, r(u), or lower, r(d), and so forth for the subse-
qguent periods. In the mortgage-credit model the binomial tree is created
using a BDT model.

The assumption as to the volatility of the interest rate affects the
shape of the binomial tree. Higher/lower volatility will make the tree
wider/narrower, i.e. higher volatility means that the development in
interest rates may be more extreme.

The yield structure may have been created on the basis of the gov-
ernment-yield curve. In that case a debtor spread is added to the inter-
est-rate tree, indicating the premium that the borrower must pay on top
of the government yield on raising a new mortgage-credit loan. The

" The RIO-system is managed by Scanrate financial systems. See www.scanrate.dk for further details on
the RIO-system and alternatives to the BDT-model.
See Black, Derman and Toy (1990).
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ORDER OF CALCULATION IN DANMARKS NATIONALBANK'S MORTGAGE-
CREDIT MODEL Chart A.8

| Government-yield curve |
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borrower cannot refinance directly at the government yield, but must
issue mortgage-credit bonds, which are often traded with a credit and
liquidity spread to government bonds. Alternatively, the yield structure
may be based on the swap curve. The swap spread to the government-
yield curve is thus assumed to be equal to the debtor spread. This has
the advantage that the spread across the curve is not constant.

EXAMPLE OF INTEREST-RATE TREE Chart A.9
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Prepayment model

The borrower's interest-rate tree is used as the discount factor to deter-
mine the present value of the loan, which is subsequently used to calcu-
late the prepayment gain. This is found as the ratio of the current value
of the loan to its outstanding debt plus prepayment costs. The lower the
present value of the loan, the lower the prepayment gain.

The prepayment gain is used to estimate a redemption ratio using a
gain-requirement model, i.e. a model for the required gain if a borrower
is to prepay a loan. In RIO's gain-requirement model borrowers are
grouped by the size of the loan.

Discounting adjusted cash flow

When the borrower's prepayment behaviour has been determined, the
prepayment-adjusted cash flow can be set up for each node in the inter-
est-rate tree. These cash flows are discounted by either the government-
yield curve plus a creditor spread, or the swap curve. This results in the
present value of the bond, i.e. the theoretical price, taking the prepay-
ment option into account.

The creditor spread is the spread required by investors in return for
taking the risk of purchasing a mortgage-credit bond rather than a gov-
ernment bond. The spread thereby illustrates the compensation required
by investors for both credit and liquidity risk. Since the prepayment rates
in the future interest-rate scenarios have already been determined in
the prepayment model, the effect of the creditor spread is a pure dis-
counting effect.

In a pricing model the debtor and creditor spreads can be expected to
be equal. The spread which the borrowers encounter when refinancing
must be equal to the spread that investors require in order to invest in a
mortgage-credit bond. By using the swap curve, the debtor and creditor
spreads are assumed to be equal.
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B. Ship Finance Schemes

Historically, Danmarks Nationalbank has played a role in connection
with support for various industries. This is no longer the case, and most
of the schemes have now been terminated. Although the acceptance of
new commitments under the agreements ceased long ago, a few
agreements concerning shipbuilding finance are of such long maturity
that they will continue to affect Danmarks Nationalbank's market and
credit risks and the management of the portfolio of domestic securities
for some years to come. The two most important schemes are the index-
linked and swap agreements.

INDEX-LINKED SCHEME

As an element of the political agreement on shipyards of 1986, Dan-
marks Nationalbank acquired index-linked bonds issued by Danish Ship
Finance (DSF) to finance newbuildings.' The index-linked bonds have a
coupon of 2.5 or 4 per cent, and they are serial loans. The government
support primarily consisted of a guarantee that the borrower would not
have to pay a yield exceeding 5.5 per cent, regardless of the develop-
ment in prices. Any difference between the indexation premium for the
bond owner and borrower is paid by the central government. The last
loan under this scheme matures in January 2010.

Danmarks Nationalbank acquired the index-linked bonds at par and
has subsequently sold most of the bonds in the market. On acquisition
Danmarks Nationalbank made a commitment that, irrespective of the
market value of the equivalent bonds, the index-linked loans can be
redeemed prematurely at par.

The borrower's right to redeem the index-linked loan prematurely cor-
responds to a homeowner's option to prepay a callable mortgage-credit
loan. This option is typically exercised if the borrower can refinance on
better terms. In contrast to the "house analogy", however, the bond
owner is not the issuer of the (call) option, since the index-linked bonds
are not callable. The structure of the scheme means that the option is
issued by Danmarks Nationalbank instead.

! The Danish market for index-linked bonds was introduced in 1982 in an economy with a very high

rate of inflation. The aim was to create an asset whereby the investor received compensation for in-
flationary erosion of the future nominal payments. Consequently, the payments on the index-linked
bonds are written up by a factor corresponding to the development in prices, so that the payments
are made in real terms.
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Danmarks Nationalbank does not hedge the prepayment option as an
element of its risk management. Since the market value of the bonds is
typically higher than their nominal value, prepayments entail a loss.

In the event of prepayments Danmarks Nationalbank must deliver the
underlying bonds. This means that a certain number of Ship Finance
bonds are maintained in the portfolio of domestic securities, cf. Chapter
4 on Danmarks Nationalbank's portfolios. Alternatively it is assessed
whether the bonds can be purchased at a favourable price in the mar-
ket.

If it is not possible to deliver the bonds, a debenture may be created.
In that case Danmarks Nationalbank takes over the debtor's and the
central government's total obligations vis-a-vis the bond owners and
covers the future payments on the bond. If, at a later time, it becomes
advantageous to purchase the underlying bonds in the market, the de-
benture may be cancelled. The Board of Governors has approved a ceil-
ing for the nominal value of the debentures issued.

The interest-rate risk on the index-linked bonds is hedged by purchas-
ing nominal bonds for the amount received upon prepayment. The aim
is for the bonds to have approximately the same payment flow, at a
given inflation scenario, as the index-linked bonds underlying the re-
deemed loan. When debentures are cancelled, the hedging is reduced
again by selling bonds. The interest-rate risk is thus not included in the
normal risk management.

The issue of debentures increases Danmarks Nationalbank's total bal-
ance sheet by an amount corresponding to the index-linked value of the
outstanding debt on the loan that is redeemed prematurely. Table B.1
shows the effect of a debenture on Danmarks Nationalbank's balance
sheet. It is assumed that the loan redeemed prematurely has an index-
linked outstanding debt of DKK 100 million.

The scheme does entail some particular risks. For instance, a higher
rate of inflation will increase Danmarks Nationalbank's obligations, since
the payments on the index-linked bonds are adjusted upwards in step
with prices. Another risk is a relative change in the prices of index-linked
bonds and nominal bonds, e.g. in connection with tax reforms.

BALANCE-SHEET IMPACT OF ISSUE OF DEBENTURES Table B.1

DKK million Assets Liabilities

Domestic bonds +100
DEDENTUIES ..o +100

Source: Danmarks Nationalbank.
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OUTSTANDING DEBT FOR DEBENTURES (INDEX-LINKED) Chart B.1
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Note: The index-linked payments are calculated for a future inflation rate of 2 per cent.
Source: Danmarks Nationalbank.

In recent years some of the index-linked loans have been redeemed
prematurely. The many prepayments may be related to the low level of
interest rates, which has increased the value of the prepayment option.

Since 1997 debtors have redeemed 150 loans with a total index-linked
value of DKK 11.5 billion. Of these, DKK 2.2 billion have been delivered,
while a total of 121 debentures have been issued for the outstanding
amount.' Chart B.1 shows the payment distribution for the outstanding
debentures.

The potential for further prepayments may be calculated as the circu-
lating volume of index-linked bonds from DSF less the outstanding debt
on the debentures already issued by Danmarks Nationalbank. At end-
2002 the potential was DKK 1.8 billion.

SWAP LOANS

In 1993 a government interest-subsidy scheme was introduced to reduce
the financing costs of newbuildings at Danish shipyards. The scheme
enabled DSF to borrow in dollars by issuing nominal krone-denominated
bonds. The scheme was made possible by the conclusion of a swap
agreement with Danmarks Nationalbank. No new commitments are

! Of the 121 debentures 46 have been cancelled and 21 have expired. Therefore 54 debentures remain.
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PAYMENT FLOWS IN THE SWAP SCHEME Chart B.2
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Source: Danmarks Nationalbank.

accepted today, and the last loan is to be repaid in 2012. The scheme is
outlined in Chart B.2.

DSF lends dollars by selling nominal krone-denominated bonds at a
fixed yield. The shipowner obtains a dollar loan based on the CIRR inter-
est rate’. DSF remits the payment to Danmarks Nationalbank as the dol-
lar leg of the swap. The other leg of the swap agreement consists of
Danmarks Nationalbank's fixed-rate krone payments to DSF. These pay-
ments correspond to the payments on the underlying Ship Finance
bonds. At end-2002 the market value of the krone leg was DKK -4.1 bil-
lion and DKK 5.0 billion of the dollar leg.

Danmarks Nationalbank's interest-rate risk in connection with the
swap scheme is part of the normal risk management. If interest rates
increase, the fixed payments on the krone leg decrease in value, which is
a gain for Danmarks Nationalbank. The krone leg thereby contributes
negatively to the krone duration. On the other hand, the dollar leg con-
tributes positively to the krone duration. At end-2002 the krone dura-
tion of the krone leg was negative by DKK 160 million and that of the
dollar leg positive by DKK 185 million.

The foreign-exchange exposure in dollars is included in the foreign-
exchange management and hedged via transformation to euro.

Originally Danmarks Nationalbank acquired the issued bonds at mar-
ket price with a view to ongoing resale of the bonds to the market. In
connection with prepayments Danmarks Nationalbank must deliver the
underlying bonds, corresponding to the krone leg of the swap contract.

The CIRR interest rate is an OECD interest rate determined for one month at a time on the basis of
the preceding month's average interest rate on government securities plus 1 percentage point. It ap-
plies with half a month's delay. The CIRR interest rate is published for three maturities: 0-5 years, 5-
8Y2 years and 8Y: years or more. The CIRR interest rate to be applied is determined by the maturity of
the loan.



173

As with index-linked loans, it is possible to issue a debenture, however.
This option has not been exercised so far. In risk terms the prepayments
contribute to reducing the interest-rate exposure of the swap.

Originally, 30 swap contracts were concluded with a principal of DKK
8.4 billion. 18 of the 30 loans have been redeemed prematurely. The
outstanding principal was DKK 3.8 billion at end-2002.
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C. Mathematical Price Adjustment
(Pull to Par)

Like the commercial Danish banks, Danmarks Nationalbank states bonds
and financial instruments at market value on its balance sheet. Mainly
two factors may influence the market value of a bond: changes in the
market interest rate, and reduction of maturity. The latter is also known
as the pull to par effect and is a result of the fact that the nominal yield
on the bond is different from the market interest rate. The current cou-
pon structure of Danmarks Nationalbank's portfolios exceeds the market
interest rate. At unchanged interest rates, Danmarks Nationalbank will
thus suffer a capital loss as a consequence of the reduction of maturity.
However, this will be offset by the fact that the income from coupon
payments will be higher than the current market interest rates.

EFFECTS OF MATURITY REDUCTION

The breakdown of the financial result on yields and capital gains is af-
fected by the reduction of maturity. Mainly two factors affect the price
of a bond: changes in the market interest rate and reduction of matur-
ity.

A drop in the market interest rate will typically entail an increase in
the bond price, and vice versa. The effect of reduction of maturity, on
the other hand, is a result of the fact that the nominal yield on the bond
differs from the market interest rate. When a bond approaches its ma-
turity date, the price of the bond will approach par. This price adjust-
ment is known as the reduction of maturity or mathematical price ad-
justment, cf. Chart C.1 and Box C.1.

Danmarks Nationalbank's portfolio is currently placed in instruments
with an average nominal yield exceeding the market interest rate. At
unchanged interest rates Danmarks Nationalbank will thus suffer a capi-
tal loss as a consequence of the reduction of maturity. However, this is
offset by the fact that the income from interest is higher than could be
achieved on the basis of the current market interest rates.

In recent years, when interest rates have predominantly been falling,
Danmarks Nationalbank has achieved capital gains. Mathematical price
adjustments have, however, resulted in lower capital gains than if the
coupon structure of the portfolios had been closer to the market inter-
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MATHEMATICAL PRICE ADJUSTMENT Chart C.1
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' This effect is also known as depreciation of premium. The premium is determined as the actual price less par.
? This effect is also known as accretion of discount. The discount is determined as par less the actual price.

est rate. On the other hand, the income from interest has been corre-
spondingly higher, so that the total return on the portfolios has not
been affected by the fact that the market interest rate has been lower
than the average coupon rate on Danmarks Nationalbank's portfolios.

Price adjustments and income from interest are not treated in the
same way as regards allocation of profit. It is therefore of importance to
the transfers to the central government and to the build-up of the
Danmarks Nationalbank’s Value Adjustment Reserve whether the mar-
ket interest rate is higher than, lower than or on a par with the average
coupon rate on Danmarks Nationalbank's portfolios.

In view of the current coupon structure of Danmarks Nationalbank's
portfolios, the mathematical price adjustment entails that the Value
Adjustment Reserve is not as large as could be expected on the basis of
the market development.

MATHEMATICAL PRICE ADJUSTMENT Box C.1

The mathematical price adjustment can be illustrated by an example. It is assumed
that Danmarks Nationalbank on 1 January purchases a 4-year bond, bullet loan, with
a coupon rate of 10 per cent. The yield structure is assumed to be flat at 8 per cent.
When the accounts are presented that year, the bond will have a price of DKK
105.15." It is now assumed that interest rates are unchanged. The following year the
price of the bond will be DKK 103.57.> The mathematical price adjustment is thus:
DKK 103.57-105.15 = DKK -1.59. This means that the price of the bond has decreased
despite the unchanged level of interest rates. The reason for the decrease in price is
that the bond's coupon rate is higher than the market interest rate.

1
,10% ((1- (1.08)?)/0.08) + 100 * (1.08) = DKK 105.15.
10 * ((1- (1.08)*)/0.08) + 100 * (1.08)” = DKK 103.57.
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D. Index for Performance and
Decomposition

The following reviews the key calculations in connection with the compi-
lation and decomposition of performance. This supplements Chapter 13
on measuring performance.

CALCULATION OF INDEX

Both the old and the new performance calculations are based on the
following type of return index:

.
MV, +C,

(1) Index; =(1+ry;) = ||(1+rt =|| hl , Where
t=1 t=1 MV, _,

MV, =market value in period t
C, =coupon payments in period t
T, =net changes in holding on dayt calculated at exercise price

r, =relative return in period t
ror = relative return over the entire period

The index is a multiplicative time-weighted index, cf. Chapter 13 on per-
formance. The return on the portfolio is calculated on a daily basis and
multiplied over time to give an index for the return over the entire pe-
riod. The index is robust vis-a-vis flows of funds to and from the portfo-
lio, cf. below. The percentage return r, from t-1 to t can be re-written
from (1) to the following expression:

zst_, (PS—PS,)+ Zsc; +ZS(PtSANt5 -T5)

S NP

N{_, = nominal holding of instrument s time t—1

2 r = , Where

AN; = change in nominal holding of instrument s
C; =coupon payments on instrument s day t
P} =dirty price on instrument s day t

TS = sum of transactions at exercise price for instrument s
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On the basis of (2) it is possible to describe the calculation of the index

by considering the following situations:

o If no instruments are traded, AN°=T’=0, and the return stems solely
from changes in the dirty price and any coupon payments on the in-
strument on a settlement date.

o If AN°=0, i.e. no change in any of the nominal holdings, but T =0, the
same paper has been bought and sold during the day and the contri-
bution to the return is the result of price changes during the day.

o If AN'20 and T30, the nominal holdings have changed, and the return
is affected if the closing price P’, deviates from the bid or offer prices
for the instrument during the day. This means that purely nominal
changes in the holdings from time t-7 to t do not affect the return in-
dex. The index can therefore resist changes in the holdings over time.

« If all holdings of an instrument s are removed from the portfolio, i.e.
AN =-N°,,, the numerator is reduced to -T°-N°_P°_, for the instrument in
question. In this case, the numerator equals the proceeds from the sale
less the holding's market value on the previous day.

o If a new instrument is bought for the portfolio, the numerator equals
N’ P°-T°,, which is the gain from the time of purchase until closing.

The last term in the numerator in (2) can be called the timing effect. It is
positive if the dealer has bought or sold at the right time during the
day.

It is important to note that the denominator in (1) and (2) assumes
that changes in the portfolio size during day t cannot generate a return
on the same day, i.e. interest or capital gains, and/or the portfolio
change is not at the disposal of the dealer until time t+17.

This is best illustrated by means of an example. Assume that the hold-
ing doubles from DKK 100 million to DKK 200 million from time t-7 to t.
The denominator equals MV,_,=DKK 100 million. If the dealer can invest
the increase in the holding during the day and generate a positive re-
turn, e.g. as a result of favourable price development, this return will be
included in the numerator via the element P°AN’-T*. If this is the case,
the denominator is too low, since the return on the portfolio is gener-
ated by invested capital exceeding DKK 100 million at time t-7, so the
return on the portfolio is overestimated. Kjeldsen (1996) gives a detailed
discussion of this problem and its solutions, cf. the literature reference
list for Chapter 13.
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DECOMPOSITION OF RETURN AS DIRECT RETURN AND MARKET
DEVELOPMENT

The following example considers a portfolio with no movement in the
holding comprising one bond of the bullet issue type, i.e. the entire
bond is redeemed on expiry. (2) can be reduced to the following for-
mula (the index s is dropped initially, and it is explicitly stated that the
market value equals the dirty price of the bond):

(2-) L (Ptdirty _ Pii;ty ) + Ct
t-1

The return can be written as the change in the dirty price plus any cou-
pon payments C, as a ratio of the dirty price on the previous day. The
focus in the following is first on the absolute return AV (in DKK) ex-
pressed as:

(3) AV = P —pITY 4 C,

This return can be decomposed in various ways, initially as:

o direct return "carry", 4V

direct

« market development, 4V

market

AV, . is here defined as the coupon payment with the addition of the
mathematical price adjustments due to the reduction of maturity. 4V,

can be written as:

irect

(4) AVgireer = (Al, —Al_, +C, ) + (P (M_;,t) - P (M,_;,t —1))

= AVdirect = AVcoupon + AVmat‘urity reduction

The first term is the change in accrued interest Al with the addition of
any settlement payments C, on day t. The last term is the change in the
theoretical clean price P,from t-7 to t under unchanged market condi-
tions, the so-called maturity reduction. This term is determined by pric-
ing the bond at time t and t-7 assuming unchanged yield curves and
spreads via the function P*"(M,t), where M, represents the chosen
input of market data and t the time of the pricing. Note that, maturity-
reduction (also known as pull to par) as defined here contains both the
effect of pure maturity reduction and a possible effect of changes in
interest rates, if the yield curve is not flat (roll-down). For example, if
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the yield curve has a positive slope and the bond is priced under par,
both the maturity reduction in isolation, and the effect of roll-down
will draw towards a higher price'.

The part of the return attributable to the market development is cal-
culated as the difference between the theoretical clean price at time t
and t-1 less the effect of the maturity reduction, i.e.:

_ pclean clean
(5) AVm.:-vrket - Pt - Pt—1 - AVmat‘urity reduction

It should be noted that the prices in (5) are the observed stock-exchange
prices (not the theoretical prices). That (4) + (5) equals (3) can be seen
from the following:

(6) AV = AVarket + AVirect = (Ptclean + Al )= (Ptd?an + Alt—1)

_ pdirty dirty
+C =P =PLY +C,

DETAILED DECOMPOSITION OF RESPECTIVELY DIRECT RETURN AND
MARKET DEVELOPMENT

the maturity reduction AV

maturity reduction and
can be broken down

The coupon payment 4V,

the return due to the market development 4v__,.,
into several components, cf. below.

The coupon payment 4V can be broken down as:
« coupon according to the general yield structure AV, . .cure coupon
e coupon premium due to sectoral spread AV, ..o coupon
o coupon premium due to instrument-specific spread

AV,

instrument-specific spread, coupon

The maturity reduction 4V, ... i, €@N be broken down as:
» Maturity reduction across the general yield structure
AV

yield structure, maturity reduction

« a premium due to maturity reduction along the sectoral curve

sectoral spread, maturity reduction

' Unchanged market conditions are here defined as a situation where the yield curves are unchanged.

Alternatively it could be defined as where the forward curves are realised. If the last definition is
used the "maturity-reduction” could fx be calculated as P*"(M,, ., t) - P*“"(M,,, t), where M,,, repre-
sent the forward curves at time t implied from the yield curves at time t-7. In such a context "matur-
ity-reduction” contains both effects from pure maturity-reduction, roll-down on the curve and de-
velopment in forward curves.

17 1t
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« a premium due to maturity reduction along the instrument-specific
curve AV

instrument-specific spread, maturity reduction

The market development 4V,_.., can be broken down as:

« contribution from parallel shift in the general yield structure,
AVyield structure, parallel shift

o contribution from change in the shape of the general yield struc-

tu re’ Avyield structure, change in shape
o contribution from development in the sectoral spread,
A Vsectoral spread, development
o contribution from development in the bond-specific spread,
A ‘/instrumsnt-spec/ﬁc spread, development
The breakdown of the coupon payment 4V, into a coupon according

to a general yield structure, e.g. the government-yield curve, and subse-
quent coupon premiums attributable to a sectoral or instrument-specific
spread is as follows. First the coupon k., e semes that, at the current
general yield structure equals the theoretical stock-exchange price to
the observed stock-exchange price, is calculated. This means that the
coupon k, is found by solving the following equation:

yield structure, derived

clean yield structure _ pclean
(7) P (Mt—T 4 [ 11 kyield structure, derived) - Pt 1

The calculation is then repeated using the relevant sectoral curve. For a
corporate bond the yield structure for corporate bonds with the same
rating is used. The difference between the two calculated coupons is the
coupon premium attributable to the spread between the government
and corporate bond curves:

k

(8)k sectoral spred ,coupon premium =

-k

sectoral curv , derived coupon

yield structure , derived coupon

The coupon premium due to the sectoral spread is most often positive
and can be interpreted as the extra coupon payment to an investor as
compensation for investing in e.g. a corporate bond with a higher credit
risk rather than in a government bond. In addition, the corporate bond
will include an instrument-specific coupon premium, since in practice the
bond is never traded on the corporate-bond curve. This instrument-
specific premium can be positive or negative and may be the result of
company-specific factors such as gain or a possible liquidity premium on
the bond. The instrument-specific premium is determined residually as:
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(9) kinstrument—speciﬁc spread ,coupon premium =

k — ksectoral spread, coupon premium ~— k yield structure, derived coupon

where k is the actual coupon on the corporate bond. The two coupon
premiums and the coupon according to the general yield structure add
up by construction to the total coupon. The total coupon payment in
absolute terms can therefore be written as:

(10) AVcoupon = Avyield structure, coupon + AVsec toral spread, coupon
+ 4V,

instrument-specific spread, coupon

where the individual payments are calculated on the basis of the calcu-
lated coupons. Besides the coupon payment the direct return also com-
prises the price development due to the reduction of maturity, cf. (4).
The maturity reduction can be calculated along various yield curves. The
starting point is again a general yield structure such as the zero-coupon
yield curve for government bonds. The price development along this
curve can be calculated as:

_ clean yield structure
(1 1) Avyield structure, maturity reduction — (P (Mt—7 ’ t)

_ Pclean (Miyﬁld structure Lt 1))

It should be noted that the calculated reduction of maturity comprises
two effects. Firstly, the bond is brought closer to maturity, and secondly
other discounting factors are applied if the curve is not flat. Viewed in
isolation, the first effect will push the price towards par, while the price
effect of changed discounting factors depends on the shape of the yield
curve. The calculation in (11) can be repeated using a relevant sectoral
curve, cf. above, and finally by using an instrument-specific curve. The
instrument-specific curve can be determined residually by means of par-
allel shift of the sectoral curve whereby the bond is priced on the curve.
The maturity reduction along the instrument-specific curve is an esti-
mate of the bond's true price development as a consequence of the ma-
turity reduction, and can likewise be written as a sum of 3 factors:

(12) 4 Vma turity reduction = Avyield structure, maturity reduction
+ A4V, + AV,

sectoral spread, maturity reduction nstrument—specific spread, maturity reduction

The only remaining element to be decomposed is the market develop-
ment AV The market development can first be written as follows, cf.

market”

(5) and (12) :
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_ pclean clean
(73) Avmarket - Pt Tt T Avmaturity reduction

— (Pclean (Mty/eld structure, t) _ Pclean (Mt_1yleld structure Jt— 1))

- Avyield structure, maturity reduction

+ (Pdean (Mtsec toral curve , t) _ Pclean (Mtyleld structure , t))

clean sec toral curve clean ield structure
— (peean(nasee ,t) — pelean(py, Y t-1)

- Avsec toral spread, maturity reduction
+ (Ptclean _ Pclean(M:ec tora/curve, t)) _ (Ptcl?an _ Pclean(Mgfg tora/curve, t— 7))

— AV

instrument—specific spread, maturity reduction

= Avyield structure, development + Avsec toral spread, development
+ AV,

instrument-specific spread, development

In (13) the market development is divided into the share attributable to
the development in the general yield structure, the share attributable to
the development in the sectoral spread and finally, the share attribut-
able to the development in the instrument-specific spread. It should be
noted that the individual contributions from the reduction of maturity,
cf. (12) are deducted in the calculation of the contributions from the
market development. That way the reduction of maturity is included in
the calculation of the direct return on the bond.

The effect of the development in the general yield structure,

AV can be further broken down as parallel shift and

yield structure, development

shape:

_ |pclean parallel clean yield structure )

(1 4) Avyie/d structure, development — (P (M t ’ t) -P (M t—1 ,t= 1)
clean yield structure clean parallel )

- Avyield structure, maturity reduction + (P (M t ’ t) -P (M t ’ t)

= Avyield structure, parallel shift + Avyield structure, development in shape

where P(M**',t) is the notional stock-exchange price on a parallel shift
in the general yield structure from t-7 to t. The parallel shift can be cal-
culated in several ways. Box 13.3 in Chapter 13 shows an example of
parallel shift of the curve by the average yield change in the 2-, 5- and
10-year segments from time t to t-1. 4V, is finally calculated residually
as the difference between the notional stock-exchange price at the ac-
tual yield curve and at the parallel-shifted curve.

The total decomposition of the return can be written as:
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(7 5) AV = AVdirect + AVmarket‘ = AVgeneral yield structure, coupon

+ AVsectoral spread,coupon + AVinstrume-nt—specific spread,coupon
+ AVyie/d structure, maturity reduction + AVsectora/ spread, maturity reduction
+ AVinsi’rumem‘—specific spread, maturity reduction + AVyield structure, parallel shift

+ AVyield structure,development in shape + AVsectoral spread, development

+A Vinstrument—speciﬁc spread, development

Written as a relative return, (15) is as follows:

\ AV
(15') r= 7 = Tdirect + I'market

=T general yield structure, coupon * I'sectoral spread, coupon +7 instrument—specific spread, coupon

+r yield structure, maturity reduction * Fsec toral spread, maturity reduction
+ rinstrument—speciﬁcspread, maturity reduction +r yield structure, parallel shift

+r yield structure, development inshape + Isectoral spread, development

+ rinstrument—specific spread, development

The total result of the decomposition is presented as a table and de-
scribed in further detail in Chapter 13.

The decomposition in (15) is additive in the individual components. Al-
ternatively a multiplicative decomposition of the return can be applied.
The multiplicative decomposition instead gives the following expression
(the calculations are not described in further detail here):

V+AV
(75“) T+r =T = (1+rdirect)(1+ rmarket)

DECOMPOSITION OF TOTAL RETURN AND PERFORMANCE

The decomposition of the return on the individual bond can now be
used in a decomposition of the return on the total portfolio. The total
return in DKK from t-7 to t can be written as:

(16) AV =
zs ( AVSgeneral yield structure, coupon + AVSsectoralspread, coupon

s s

+ AV instrument—specific spread, coupon + AV yield structure, maturity reduction
s s

+ AV sectoral spread, maturity reduction + AV instrument-specific spread, maturity reduction
s s

+ AV yield structure, parallel shift + AV yield structure, development in shape

s s
+ AV sectoral spread, development + AV instrument—specific spread, development )
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where AV is now the return on the entire portfolio, and s refers to the
individual bonds/instruments in the portfolio. (16) can be re-written as a
relative return from t-71to t:

(7 7) r = 7 = ZS 0)5( rsgeneral term structure, coupon + rssectoralspread,coupon

s s

+ I instrument—-specific spread, coupon + I'" yield structure, maturity reduction
s s

+ I sectoral spread, maturity reduction + I~ instrument—specific spread, maturity reduction
s s

+ I'" yield structure, parallel shift + I' " yield structure, development in shape

s
+ I sectoral spread, development + rsinstrument—specific spread, development )

where o, is now the weight of bond s in the portfolio at the time t-71.
The weight is calculated as the bond's share of the market value of the
portfolio. The relative return r on the portfolio can thus be calculated as
a weighting together of the individual components of the return. The
performance P, i.e. the difference between the return on the actual
portfolio and on the benchmark portfolio, from t-7 to t can be calcu-
lated as follows:

(18) P = Tactual portfolio — 'benchmark =
ZS ( Aa)_gl’sgeneral yield structure, coupon + Awsfssec toral spread, coupon

+ Awsrsinstrument—speciﬁc spread, coupon + A(l)srsyield structure, maturity reduction

+ AWsloctoral spread, maturity reduction + Awsrsinstrument—speciﬁc spread, maturity reduction
+ Aa)sfsyield structure, parallel shift + Aa)srsyield structure, development in shape

+ Awsrssectoral spread, development + Aﬁ)srsinstrument—specificspread, development )

+ timing—effect

where 4w, is the difference between the weight of instrument s in re-
spectively the actual portfolio and the benchmark portfolio. The per-
formance from t-7 to t can in other words be calculated as a weighted
average of the components of the return on the individual instruments.
Performance is the result of differences in the weights of the individual
instruments in respectively the actual portfolio and the benchmark port-
folio. Furthermore, the timing effect is added in (18) for the sake of
completion, cf. (2). As stated, the timing effect is the effect of
gains/losses from intraday sales/purchases.
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AGGREGATION OF SUB-COMPONENTS OVER TIME

The calculations above show how the total return from period t-7 to t
can be broken down into various sub-components which together add
up to the total return r, in the period. However, the measurement of
performance focuses on the return over a longer period, for which the
return is measured via the time-weighted index. The time-weighted
index can be written as follows, cf. (1):

T T
”I)lndeXT:(7+r0,T):H(7+rt) < rO,T:H(1+rt)_1
t=1 t=1

In (1') the period returns are multiplied over time, leading to the return
over the entire period, i.e. r,,. The question is now whether the total
return for the period can be decomposed like the returns for individual
periods. The return for an individual period from t-7 to t can be written
as follows (17'):

' € . €
(17') ry = ZS ( rc’ general yield structure, coupon + rc’ sectoral spread, coupon

s,t. L st . . .
+ I'C™"" instrument-specific spread, coupon + I'C™"" yield structure, maturity reduction
st . , st o . ]
+ I'C™" sectoral spread, maturity reduction + 'C™"" instrument-specific spread, maturity reduction
st . , st . .
+ IC™"" yield structure, parallel shift + I'C™"" yield structure, development in shape

Jt .t o
+rc’® sectoral spread, development + rc’ instrument-specific spread, development )

where rc*, is the return component j on bond s in period t weighted
using the bond's portfolio share, i.e. rc¢*', =ayr*’.

A first attempt to decompose the total return over time r,, would be
to sum up the sub-components in (17') for the entire period. However,
the problem is that the time-weighted index is a multiplicative index,
whereby simply summing up the sub-components in (17') does not yield
r,- This problem can be solved by scaling the individual sub-components
in the following way:

(19) rc™tj =rc™ (14 15,4)

In (19) the sub-components from each period t are scaled using the re-
turn index up to and including the preceding period, i.e. (1+r,, ). The
following is shown to apply:
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-
~s,t .
(20) ot = zt—1 ZS ( rc’ general yield structure, coupon

+rcst sectoral spread, coupon + rES'tinstrument—specific spread, coupon

+rcst yield structure, maturity reduction + I st sectoral spread , maturity reduction

+ rES'tinstrument—specific spread, maturity reduction + rc s'tyield structure, parallel shift
+rcst yield structure, development in shape + rc S'tsectoralspread, development

~s,t. o
+ I'C ™" instrument—specific spread, development )

=
_ 0,17 X 0,17
Fo.r = IC”" general yield structure, coupon + I'C”™"" sectoral spread, coupon
0,T. . 0,T . . .
+ rC”"" instrument-specific spread, coupon + I'C”"" yield structure, maturity reduction
0,7 . . 0,T. . . .
+ rC™’" sectoral spread, maturity reduction + I'C""" instrument—specific spread , maturity reduction
0T . . 0T . .
+ IC™"" yield structure, parallel shift + I'C”"" yield structure, development in shape

0,7 0,T. .
+ I'C”"" sectoral spread, development + I'C™"" instrument-specific spread, development

Where rc*’ is now the total contribution to the return over the period
from sub-component j. (20) shows that the total return for the entire
period is the sum of the new scaled sub-components, which can also be
summed up over the period. Scaling the original return contributions
thus makes it possible to achieve a decomposition that sums up to the
total return for the period over time.





