Annex:

Maturity and risk

In the guidelines for central government debt management
for 2006, the Government requests an analysis of the pre-
requisites for a comprehensive maturity measure for the
whole of the central government debt. A comprehensive
maturity measure is intended to provide a holistic view of
the trade-off between the expected cost and risk. A bench-
mark for the maturity of the whole debt increases the abili-
ty to balance increased risk-taking in one type of debt with
a reduction of risk in another debt component.

In this memorandum, we analyse the risk/maturity
aspect by quantifying the risk that central government debt
is associated with for different choices of maturity. The aim is
for the results to be able to provide guidance in the choice of
the comprehensive maturity of central government debt. The
appropriate choice of maturity for the aggregate central gov-
ernment debt depends on the state’s cost and risk prefer-
ences. The goal for central government debt management is
to minimise the long-term costs while taking into account the
risk inherent in its management. The task of managing the
central government debt can thus be described as a cost
minimisation problem which is limited by the restriction on
risk specified by the Government.

To analyse the risk in central government debt, we must
have a clear definition of what is to be regarded as cost. Costs
are defined in the Government Bill 1997/98:154 as the perio-
dised interest expenditure. According to the guidelines for
central government debt management, the costs of central
government debt shall be measured in terms of the average
running yield. The average running yield is a measure of the
periodised interest expenditure in relation to the size of the
debt. However, this definition is focused on the nominal kro-
na debt. To quantify the risk associated with the inflation-
linked and the foreign currency debt, and thus enable a cal-
culation of the total risk in the debt, we must also take into
account the effect of inflation and exchange rate changes.

In order to study the risk that different borrowing strate-
gies give rise to, we have developed a simulation model. In
this model, we simulate the dynamics of interest rates (for the
krona debt as well as for the foreign currency debt), inflation
and the exchange rate. We then calculate the nominal cost
per debt unit for the various types of debt and produce a Run-
ning Yield at Risk (RYaR) for different borrowing strategies.
RYaR is determined as the difference between the expected
cost and the cost that we will not exceed with a 95 per cent
probability in a particular year. More exactly, we define our risk
measure as the difference between the median and the 95-
per cent percentile in our simulated cost distribution.
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The results show that the risk decreases with the
maturity of the debt. The risk reduction decreases, howev-
er, quickly when the maturity is extended. The results also
show that the risk depends on our time perspective. With
an average maturity of three years, RYaR is 1.2 percentage
points in one year’s time and 1.7 percentage points in five
year’s time. Expressed in kronor, i.e. Cost at Risk, this cor-
responds to a risk of SEK 15 and 22 billon respectively.

|1 Risk control

The risk we are interested in controlling is that the average
running yield, adjusted for inflation and exchange rate
changes, does not become too high. In order to do this,
the Government specifies benchmarks for the maturity and
composition of debt.

Alternatively, the Government could specify an accept-
able risk, for instance, in terms of RYaR. The task of the
Debt Office would then be to choose the debt composition
and maturity that minimises cost given that the volatility in
the cost (i.e. the risk) does not exceed that specified by the
Government.

To study the risk contributed by the different types of
debt, we make the following categorisation:

e RYaR in the inflation-linked krona debt depends on
the volatility in the real interest rate and in inflation
and on the average maturity.

e RYaR in the nominal krona debt depends on the
volatility in the nominal interest rate and on the
average maturity.

e RYaR in the foreign currency debt depends on the
volatility in the foreign interest rate and in the ex-
change rate and on the average maturity.

1.1 Link between RYaR and maturity

A borrowing policy with short maturity generally gives rise
to a more volatile average running yield than a borrowing
policy with long maturity. This is because short-term loans
need to be renewed often which increases exposure to
interest rate fluctuations.

However, yield curves generally have a positive slope.
This means that it is cheaper to borrow on short maturities
than long. If we reduce short-term borrowing in favour of
long-term borrowing, the expected costs thus increase. The
choice of maturity is consequently a trade-off between low
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cost and high volatility for short-term borrowing and high
cost and low volatility for long-term borrowing. Figure 1
shows a stylised picture of this relationship. The oval mark-
ings symbolise the spread of the average running yield for
different maturities. As mentioned above, the spread is
largest for short maturities and decreases when we
increase the maturity.

Figure 1. AVERAGE ISSUE RATE, RYaR AND MATURITY
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The confidence intervals are also shown in the figure.
These are to be interpreted as the level within which the
interest rate stays, at a particular probability. The distance
between the interest rate curve and the confidence interval
states the RYaR for different maturities in the debt. In the
figure, a maturity of T* means a RYaR of x percentage
points. The benchmark for the average interest rate refixing
period can be regarded as an approximate value of short-
and long-term borrowing which gives this risk.

1.2 Cost and risk for nominal debt, inflation-linked
and foreign currency debt
In the normal case, inflation-linked borrowing and foreign
currency borrowing are associated with greater risk than
nominal krona borrowing. This is a result of our measuring
the costs of central government debt in terms of nominal
kronor. How much of the costs we lock in when we issue a
bond depends then on the choice of debt.

When we issue a nominal krona bond, we undertake
to pay a given nominal yield to the investor. The investor
thus bears both the real interest rate risk and the inflation
risk.

When we issue inflation-linked bonds, it is the state
that carries the inflation risk. We undertake to pay a given
real interest rate and to compensate the investor for infla-
tion during the maturity of the inflation-linked bond. An
inflation-linked bond may be seen as a combination of a
bond that costs a particular amount corresponding to the
real interest rate at the time of issue, and variable borrow-
ing, the cost of which corresponds to realised inflation.
Through our only locking in the real interest rate when we
issue an inflation-linked bond, the risk is greater than if we
issue a nominal bond, given the maturity.
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To calculate the cost per unit of debt for the inflation-
linked debt, we adjust the average running yield (#*) for
inflation during the period (A p/p,) and add the inflation
adjustment of the debt. The cost of the inflation-linked debt
for the period t to t+1 expressed in nominal terms is thus
given by:
i"=r'(1+Aplp )+Apip.,. (1)
When we borrow in foreign currency, we lock in the foreign
nominal interest rate during the maturity of the loan. The
cost expressed in kronor depends on exchange rate move-
ments. The volatility of the exchange rate means that for-
eign exchange borrowing is associated with greater risk
than nominal krona borrowing. We calculate the cost per
unit of foreign currency debt by adjusting the average run-
ning yield (#/*) by the change in the exchange rate
(Afx/fx,) and adding the change in market value caused
by a changed exchange rate. The cost of the foreign cur-
rency debt for the period tto t+1 can thus be written as:

iF=r 1+ Aflf ) + Afdfx,

The extent to which the stock effect, i.e. the effect of the
exchange rate on the outstanding debt volumes, shall actually
be included in the cost expression on which the risk analysis
is based can be discussed, however. The risk is defined as the
variability of the cost and if we study a longer time period, there
is a lot that indicates that temporary variations in the exchange
rate will eventually cancel one another out and thus not affect
the long-term cost. We take this into consideration by also bas-
ing risk assessments on the following cost expression:

iP=rP(1+Aflfx )

The cost of the inflation-linked debt is, of course, affected
by inflation. Since the Riksbank has undertaken to keep infla-
tion in the long-term at two per cent, it may, however, be of
interest to study the risk in the inflation-linked debt if the infla-
tion compensation on the principal is evenly distributed over
the maturity of the bond. If we remove the variability from the
stock effect, we obtain the following cost expression:

(2)

(4)

i'=r"(1+Apip )+Aplp (3)

where A p/p states the average inflation. Since this term is
invariable, the risk is only generated by variations in the av-
erage running yield and the inflation compensation on the

coupon payments.

|2 Simulation model

The aim of this memorandum is to develop a model that
provides guidance in the choice of the maturity for the
aggregated debt. To achieve the goal, a model is needed



which provides realistic estimates of future costs and vola-
tilities in the different parts of the debt. In other words, we
need a stochastic model for the interest rates (for the kro-
na debt as well as the foreign currency debt), inflation and
the exchange rate.

In the basic model, we opt to allow the variables to fol-
low stationary stochastic processes which vary around
long-term averages. Since it is extremely difficult over such
a limited period of time as approximately 10 years (we have
decided to estimate our models on data from the period we
have complied with the present monetary policy regime) to
distinguish the stochastics of many economic data series
from purely random walks, we also let the interest rates and
krona exchange rate follow random walk processes to see
how this affects our conclusions as regards future cost and
risk in the debt portfolio.

In the final parameterisation of our simulation model,
we rely partly on estimated historical correlations but also
on (hopefully realistic) assumptions about the future.

With the aid of the simulated values of our variables,
we estimate the nominal cost of the inflation-linked debt
and foreign currency debt with different maturities in
accordance with equation (1) — (4) (the cost of the nominal
krona debt coincides, of course, with the average simulated
nominal interest rates). We are then finally in a position
where we can study how the volatility of the costs (i.e. the
risk) is affected by the choice of maturity.

2.1 Specification of the yield curves

In this work, we use a method developed by Diebold and Li
to estimate the dynamics of the yield curves of the different
types of debt.! Diebold and Li assume that the yield curves
are of a Nelson-Siegel type and that they have the following
function form:

—~TA —~TA
e e e

The Nelson-Siegel curve gives an approximation of the
interest rate, r,j(t), on bonds and T-bills with different ma-
turities (7) in the three types of debt (j) at time .

The parameters 3/, 5, ], are interpreted as three
latent dynamic factors. 3/, is seen as a long-term factor since
its weight is 1, a constant that does not move towards zero
when maturity moves towards infinity. /52'} is regarded as a
short-term factor since its weight, (];i_rd'), is @ monotonous
decreasing function starting at 1 and relatively quickly mov-
ing towards zero. /34, in turn is seen as a medium-term factor
since its weight, (i—i“’—e%} starts at zero, increases with
the maturity during an interval to subsequently decrease and

move towards zero when the maturity increases.

1 Forecasting the Term Structure of Government Bond Yields (NBER 2003).
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The parameter A, in the weights on 35 and /34, controls
how quickly the functions move towards zero. A small value
of lt provides slowly decreasing functions and a better ad-
aptation of the yield curve for long-term maturities, while a
large lambda means the converse. ﬂ.t also controls the ma-
turity where the weight on 37, reaches its maximum.

One important result that Diebold and Li point to in the
aforesaid essay is that the three time-varying factors can
be interpreted as the level, slope and curvature of the yield
curve and that the dynamics of the factors (and thus the
yield curve) can be estimated with time-series models.

The long-term factor ,8/, is highly related to the level of
the curve. In order to see this, we allow the maturity to move
towards infinity and find that 7;(c0) =8/ . Furthermore, we
see that a change in ﬁ/'t parallel shifts the whole curve since
the weight is identical (=1) regardless of the maturity.

The slope of the curve is linked to the short-term factor
Bi. Thisis seen by —ff=r,(c) —r,(0). The fact that f3;,
can be interpreted as the slope of the interest curve is
understood intuitively since an increase in f3;, increases
short-term interest rates more than long-term interest rates
—the weight on ,32’, is larger at the short end — which gives a
flatter yield curve immediately.

Finally, Diebold and Li show that the medium-term fac-
tor, /35,, is linked to the curvature of the yield curve. The rea-
son is that an increase in 37, has little effect on very short
and very long interest rates, although it increases medium-
long interest rates, which means an increased curvature.

2.2 Estimation of the yield curves

We use monthly data from January 1996 to March 2006
inclusive to estimate the yield curves monthly. For maturi-
ties less than a year, we use the interest rate on deposits
and for maturities of a year and longer, we use swap rates,
see Table 1 for descriptive statistics. To avoid estimating
yield curves for each of the currencies included in the for-
eign currency debt, we have weighted together the interest
rates in these currencies in accordance with the foreign
currency benchmark. In this way, we create a time series
with “foreign curves”.

Since the state largely uses bonds for its long-term
loans, it would be preferable if we could use (zero cou-
pon) interest rates on central government bonds in the
estimates. Swap rates tend to be both somewhat higher
and more volatile than central government bond rates.
Sufficiently long time series are, however, not available at
present. Furthermore, information about benchmark rates
are only available for the nominal krona debt and the for-
eign currency debt. Section 2.4 contains a discussion on
how we solve the problem with interest rates on the infla-
tion-linked debt.
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Table 1. Descriptive statistics, nominal interest rates,
Jan 1996 - March 2006

Swedish interest rates Foreign interest rates

Maturity, Average Standard Average Standard
(months) value, % deviation value, %  deviation
1 37 1.3 3.0 0.8
3 3.7 1.2 3.0 0.8
4 3.8 1.2 31 0.8
9 3.9 1.2 31 0.9
12 4.1 1.2 3.2 0.9
24 4.4 1.2 35 0.9
36 4.8 1.3 37 0.8
48 5.0 1.3 4.0 0.8
60 5.2 1.3 4.2 0.8
72 5.3 1.3 4.3 0.9
84 5.4 1.3 4.5 0.9
96 55 1.3 46 0.9
108 5.6 1.3 4.7 0.9
120 5.7 1.3 4.8 0.9

As regards the estimation of the parameters in equa-
tion (5), we follow usual practice and fix the value of lamb-
da. This enables us to calculate the value of the regressors
for each maturity and estimate the beta parameters by or-
dinary least squares for each month. Besides being much
simpler, the estimations will also, according to Diebold and
Figure 2. ACTUAL AND PREDICTED YIELD CURVES, AVERAGE,
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Li, be more reliable than if lambda is estimated as well.
This is because we replace a number of instable numerical
optimisations with robust OLS regressions.

Diebold and Li choose to set lambda at 0.0609. Lambda
determines the maturity at which the weight of the medium-
term factor, or curvature, is greatest. The US interest rate
curve is generally considered to show the largest curvature at
a 2-3 year maturity, the value of lambda which maximises the
weight in the middle of the interval, i.e. at 30 months, is just
0.0609. If we apply this method to the time period and the
markets we study in this memorandum, we see that the cur-
vature of the Swedish nominal yield curve has had its maxi-
mum at a maturity of approximately 4 years while the hypo-
thetical foreign curve shows its greatest curvature at around a
maturity of 5 years. This produces a lambda of 0.037 in the
Swedish market and a “foreign lambda” of 0.030.

After we locked the lambda parameters and estimated
the equation (5) month for month for our interest-rate series,
we obtain a time series with beta values. We show the aver-
age value and the standard deviation in Table 2 and we draw
the average actual yield curves for the time period in Figure 2
and make a comparison with the results of the estimations.

Table 2. Estimation result, Jan 1996 — March 2006

Swedish curve Average value Standard deviation

B 6.3 1.5
) 2.7 1.0

B -0.2 1.9

Foreign curve

Bl 5.8 1.1

BE -2.9 1.1

BE -1.1 1.6

2.3 The dynamics of the yield curves, the
exchange rate and inflation

In our main scenario, the variables — the beta parameters,

inflation and the exchange rate — follow stationary sto-

chastic processes (Ornstein-Uhlenbeck processes). The

dynamics that we assume for these variables is:

dX=a(X-X)dt+odz. (6)

Where a(>0) is the speed at which the variable X re-
turns to its “normal level” X from a certain realised value X.
dzis an increment from a Wiener process with volatility a. If
we discretise the equation (6) we obtain:

X, =X+a(X-X )At+oVAte,,

t+ At

=aXAt+(I-aAt)X +oVAte

1+Ar

=atbX+1,,,. 7)
An ordinary AR(1)-process where 7., ,, is normally dis-

tributed noise ( €, ,, is “standard normal”). To “get hold of”



the parameters in our basic model, we thus estimate equation
(7) by OLS (for each of our eight variables) and then calculate:

~_1-b , (8)
“="Ar

}?=ﬁ and 9)
&= / Val"(nnAt) ) (10)

At

Since we use annualised monthly data in our estimates,
we have Ar=1/12. In the same way as for “foreign interest
rates” the exchange rate dynamics is estimated on the basis
of an index that describes how the krona relates to a weight-
ed average of the currencies included in the foreign currency
debt. In order not to overestimate the volatility of inflation and
the exchange rate respectively, we use seasonally-adjusted
data when we estimate these (12-months changes).

The results from the exercises — which with some
modification are to be used as input in the simulations — are
shown in Table 3. The results from the AR(1) estimations,
show that we have relatively large persistence in our vari-
ables, see Table 9 in the appendix. Dickey-Fuller tests also
show that we cannot reject variables following random walks
in most cases, which justifies our also testing a random walk
approach, a is then set at zero in the equation (6).

Table 3. Parameter estimates, stationary processes,
Jan 1996-March 2006

2.4 Calibration of the simulation model

The full simulation model consists of eleven equations. We
have three equations for each of three types of debt that
control how the yield curve in the respective type of debt
develops over time, and one equation each for inflation and
exchange rate development. In the preceding section, we
only estimated eight equations, however, three equations
for the inflation-linked interest rate curve are missing.

Since data on inflation-linked interest rates are not
available, we have decided to calibrate the inflation-linked
yield curve on the basis of the Swedish nominal curve. This
means that the difference between the curves amounts on
average to expected inflation (= The Riksbank’s inflation
target of two per cent). As regards the slope and curvature
of the interest-linked curve, we assume that these comply
on average with that of the nominal curve. The import of
this is that in the model — on average — it is as expensive to
borrow inflation-linked as nominally given a particular
maturity. We have estimated the variance of the inflation-
linked curve (the three beta factors) at half of the variance
in the nominal curve by comparing the interest rate volatili-
ty of a synthetic 10-year inflation-linked bond with the 10-
year nominal interest rate.

The simulated yield curves are parameterised so that they
on average show the average Swedish curve from and includ-
ing January 2000. In other words, we use the “Swedish” beta-
and lambda values for the foreign yield curve as well. In the
simulations we thus assume that the expected cost for borrow-

Swedish curve a X o ing in foreign currency accords with borrowing in SEK.
i 0,32 4,69 0,84 In the calibration of the model, we have moreover cho-
: 0,67 -2,90 1,04 sen to depart from the regression results in the previous sec-
! 0,97 0,28 2,44 . . .
tion as regards the future inflation process. We scale down
Foreign curve . - . . .
the estimated volatility by 20 per cent in the simulations. We
Bl 031 4,39 0,58 consider that a scaling-down is justified due to the time peri-
BE 0,31 -1,72 0,73 g J P
ﬁifx 121 061 534 od we are studying largely being directly after the decision on
Inflation (%) 074 0,94 118 a new monetary policy regime. It is not inconceivable that a
eriod of this kind is associated with greater uncertaint
Exchange rate (FX) 0,49 8,38 0,34 P . ) g, ,y
about inflation than when the new regime has settled in.
Table 4. Correlation matrix, input in the simulations
ﬂln ﬁZn ﬁjﬂ ﬁ[r 2r 3’ lfx Zﬁc ﬁﬁx FX T
! 1.00 -0.58 -0.38 0.71 -0.42 -0.25 0.97 -0.75 -0.34 -0.64 -0.10
B -0.58 1.00 0.38 -0.41 0.71 0.26 -0.48 0.68 0.24 0.45 0.37
! -0.38 0.38 1.00 -0.27 0.27 0.70 -0.37 0.59 0.87 0.06 0.15
Bl 0.71 -0.41 -0.27 1.00 -0.29 -0.17 0.68 -0.53 -0.24 -0.45 -0.07
B -0.42 0.71 0.27 -0.29 1.00 0.19 -0.35 0.49 0.17 0.32 0.26
'y -0.25 0.26 0.70 -0.17 0.19 1.00 -0.24 0.41 0.60 0.04 0.11
B 0.97 -0.48 -0.37 0.68 -0.35 -0.24 1.00 -0.72 -0.45 -0.57 -0.01
B -0.75 0.68 0.59 -0.53 0.49 0.41 -0.72 1.00 0.53 0.39 0.04
ﬁ_{* -0.34 0.24 0.87 -0.24 0.17 0.60 -0.45 0.53 1.00 -0.06 0.01
FX -0.64 0.45 0.06 -0.45 0.32 0.04 -0.57 0.39 -0.06 1.00 0.50
T -0.10 0.37 0.15 -0.07 0.26 0.11 -0.01 0.04 0.01 0.50 1.00
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The results in section 2.3, the scaling-down of the vol-
atility in the inflation process, and the future average inter-
est rate curves then give the following dynamics in the
main scenario (we set the mean reversion parameters in
the alternative scenario to zero):

—ﬂl';u 1 —ﬂI’; 1 ¢ S [.6- Bi) 1 [0.84¢ 17+1_
n n 0)32 n n
Batvi Ba 067 (-2,6 - f3) 1.04 &5,
a1 3 0:97 (0-pB3) 2.44¢ 3,
Bl B 0,32 (3.6-B;) 0.60¢ j,.,
B B 0,67 (-2,6 - f5) 0.74€ 51,
ﬂarz_u = ﬂ;; +10971-|(0-B5) v +|1.73 83’%”
Blr | |Bi| |031] |(56-Bh) 0.57¢ frvy
S S ]023]1 (=26 -B1) | |0.73e4.,
Ll B | 0-BL) 2.35¢4

0,74 .
TCH-I ﬂ:, 0.49 (2,0—nr) 0.948r+] (11)
x| x| P 20 | (ossen |

We introduce stochastics in the simulation model
by drawing, for each time step, a random number from a
multivariate standard normal distribution without autocor-
relation and where the correlation between two processes
(iand j) is given by P,

A realistic correlation structure in the model is impor-
tant since it directly affects the diversification effect we
make use of when we borrow on a number of markets and
in several types of debt. In the estimations, we use the esti-
mated historical correlations between the eight variables
that we estimate. To obtain correlations between the infla-
tion-linked curve and other variables, we use the real beta
factors we have created on the basis of the factors of the
nominal curve. The correlation between the real factors
and the corresponding nominal factors has been set at 0.7.
We then obtain the correlation matrix in Table 4.

| 3 Simulation results

We generate 20 000 paths for our stochastic variables in
our simulations; the simulation horizon is 30 years. To
obtain a measure of the average running yield right from
year one, we need a “loan history” which is as long as our
longest loan strategy. Volatility arises when a loan is
renewed and the market rate at time t on instruments with
a certain maturity replaces the interest rate on the instru-
ment that matures. As a simplification, we have in the
simulations assumed that the interest rate curves have
been constant, and the same as the simulated average
curve for the period between January 2000 — March 2006,
under our “loan history”.

Figure 5 in the appendix shows some of the simulated
paths for five-year interest rates, the exchange rate and
inflation. As a comparison, paths are shown for actual

Central Government Debt Management — Proposed Guidelines 2007-2009

33

five-year rates, inflation and the exchange rate between
January 1996 and March 2006. Since we are looking a rela-
tively long way into the future — 30 years — we clearly see the
effect of letting the variables follow the stationary and non-
stationary processes. However, it is difficult on the basis of
these figures, to establish which computer-generated proc-
ess best captures reality; the history is only one — of an infi-
nite quantity of possible — outcome of the true stochastic
processes, and it seems as if the paths that reality has fol-
lowed could have been generated by either of the two proc-
esses. To further clarify the extent to which we have suc-
ceeded in capturing (the historical) reality, we show in Table
10 - Table 12 of the appendix the correlations that our
models give and compare these with the corresponding his-
torical correlations. The models produce correlations that lie
relatively close to the historical correlations— although the
model correlations are in general a bit lower. Furthermore,
Ornstein-Uhlenbeck processes seem to produce correla-
tions more in line with history than pure random walks.

Altogether, we interpret the figures and correlation
matrixes as meaning that we have succeeded in capturing
the volatility of these variables well in the simulated proc-
esses and go on to calculate the risk associated with differ-
ent maturities in the debt. We make some simplified
assumptions as regards the strategies which we study. In
the first place, we assume that borrowing in the different
types of debt takes place with the same maturity, i.e. that
we roll bonds with a particular maturity in a certain strate-
gy. This means that, to achieve a maturity of, for instance,
five years, we only issue 10-year bonds. In the second
place, we assume that 20 per cent of the borrowing is infla-
tion-linked krona borrowing, 15 per cent is foreign curren-
cy borrowing and the rest is borrowed in nominal kronor.

With these assumptions, it is simple — on the basis of
the equations in section 1.2 and the simulated distributions
—to calculate the cost, and its volatility, at different maturi-
ties and time horizons. In Figure 3 and Figure 4, we show
RYaR in the aggregate debt with and without the so-called
stock effect, when the processes are assumed to be sta-
tionary. A number of results are then compiled in Table 5 —
Table 8 from the “stationary model”. The appendix shows
RYaR in the various debt components and the correspond-
ing results from the “random walk model”.



Figure 3. PORTFOLIO RUNNING YIELD AT RISK
Percentage points and years
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The figures show that the risk decreases with the maturity
of the debt. The marginal risk reduction decreases rapidly,
however, as the maturity is extended. The figures also show
that the risk depends on our time perspective.

In the tables below, RYaR is presented — for the total
debt and the various components — one and five-years
ahead for different maturity strategies, and what this RYaR
can be converted to in kronor and 6ren (Cost at Risk, CaR)
given today'’s size of the debt (April 2006). With a maturity
of, for instance, five years in the total debt, RYaR amounts
—when the stock effects are included—to 1.25 percentage
points in a year’s time. This corresponds to a CaR of SEK
15.6 billion.

We also see clearly that the risk in the foreign currency
debt and the inflation-linked debt is due to a great extent
on whether we include the stock effects or not. With these
included, the foreign currency debt is considerably more
risk-filled than both the inflation-linked debt and the nomi-
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Figure 4. PORTFOLIO RUNNING YIELD AT RISK (without stock effects)
Percentage points and years

Time to maturity

nal domestic debt, and the inflation-linked debt in turn is
more risky than the nominal krona debt. A risk ranking
which markedly changes if we do not include these effects.
Then, the foreign currency and the inflation-linked debt are
instead, at least if we borrow short-term, less risky than
nominal krona debt.

Altogether, the risk of having a relatively short maturity
of the debt is very limited. A maturity in the debt portfolio of
one year means, for instance, that CaR in a year’s time will
only be SEK 1.2 billion higher than in the case of a compre-
hensive maturity of the debt portfolio of seven years. We
can reduce the maturity of the whole of central government
debt without jeopardising central government finances. A
proposal for a benchmark for the maturity of the aggregate
debt must be based on what is operationally manageable;
the results indicate, however, that we do not need for rea-
sons of risk to “go further out on the curve” than this.
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Table 5. RYaR and CaR, percentage points and SEK billion, stationary processes with stock effect, time horizon 1 year

Maturity 0.5 1 1.5 2 25 3 35 4 4.5 B 5.5 6 6.5 7

RYaR
Nom SEK RYaR 143 075 050 037 029 023 019 016 014 012 011 010 0.09 0.08
Real RYaR 223 181 172 167 165 163 162 161 161 161 161 160 160 160
FX RYaR 705 706 709 712 715 716 719 720 721 722 723 724 724 725
Portfolio RYaR 168 136 128 125 124 123 124 124 125 125 126 126 126 126

CaR
Nom SEK CaR 10.6 55 37 2.7 2.1 1.7 1.4 1.2 1.0 0.9 0.8 0.7 0.7 0.6
Real CaR 47 3.8 36 35 35 35 34 34 34 34 34 34 34 34
FX CaR 20.3 204 205 206 206 207 207 208 208 208 209 209 209 209
Sum nom CaR 310 259 242 233 228 224 222 220 219 217 217 216 216 215
Sum CaR 357 298 278 268 263 259 256 2564 253 2562 251 250 250 250
Portfolio CaR 209 169 1569 156 154 1563 154 154 155 156 156 166 156 157
Diversification 148 129 119 113 109 105 102 100 9.8 9.6 9.5 9.4 9.4 9.3

Table 6. RYaR and CaR, percentage points and SEK billion, stationary processes with stock effect, time horizon 5 years

Maturity 0.5 1 1.5 2 2.5 3 35 4 4.5 5 5.5 6 6.5 7

RYaR
Nom SEK RYaR 18 153 138 123 108 091 078 069 061 055 051 047 044 041
Real RYaR 247 222 210 201 194 185 181 177 175 174 173 172 171 1.70
FX RYaR 8566 871 878 879 882 88l 87/ 877 877 876 875 875 876 875
Portfolio RYaR 216 205 198 188 181 173 167 164 161 158 156 155 154 153

CaR
Nom SEK CaR 134 114 102 9.1 8.0 6.8 5.8 5.1 4.6 4.1 3.8 35 3.2 3.0
Real CaR 5.2 47 45 4.3 4.1 39 3.8 3.8 37 37 37 36 36 3.6
FX CaR 247 252 254 2564 255 254 253 253 253 253 253 253 2563 253
Sum nom CaR 381 365 356 345 335 322 311 304 299 294 290 288 285 283
Sum CaR 434 413 400 388 376 361 350 342 336 331 327 324 322 319
Portfolio CaR 268 255 246 233 225 215 208 204 200 197 194 192 191 190
Diversification 165 167 155 1565 151 146 142 138 136 134 133 132 130 129
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Table 7. RYaR and CaR, percentage points and SEK billion, stationary processes without stock effect, time horizon 1 year

Maturity 0.5 1 1.5 2 25 3 35 4 4.5 5 5.5 6 6.5 7

RYaR
Nom SEK RYaR 143 075 050 037 029 023 019 016 014 012 011 010 0.09 0.08
Real RYaR 130 066 045 033 026 021 018 015 013 012 011 010 009 0.09
FXRYaR 102 061 045 037 033 031 030 030 030 031 031 032 032 032
Portfolio RYaR 120 063 042 031 024 019 015 013 011 009 008 0.08 0.07 0.06

CaR
Nom SEK CaR 10.6 5.5 3.7 27 21 1.7 1.4 1.2 1.0 0.9 0.8 0.7 0.7 0.6
Real CaR 2.8 14 0.9 0.7 0.6 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2
FX CaR 29 1.7 1.3 11 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Sum nom CaR 136 73 5.0 3.8 31 2.6 2.3 2.1 1.9 1.8 17 16 16 16
Sum CaR 16.3 8.7 5.9 4.5 3.6 31 2.7 2.4 2.2 21 19 19 1.8 1.8
Portfolio CaR 14.9 7.8 53 39 3.0 2.3 1.9 16 1.4 1.2 1.0 0.9 0.9 0.8
Diversification 1.5 0.9 0.7 0.6 0.7 0.7 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

Table 8. RYaR och CaR, percentage points and SEK billion, stationary processes without stock effect, time horizon 5 years

Maturity 0.5 1 1.5 2 25 3 3.5 4 4.5 5 5.5 6 6.5 7

RYaR
Nom SEK RYaR 181 153 138 123 108 091 078 069 061 055 051 047 044 041
Real RYaR 159 134 118 106 093 077 065 057 050 045 041 038 035 033
FX RYaR 126 112 103 094 08 075 069 064 061 059 057 056 055 054
Portfolio RYaR 152 1.30 117 106 093 078 068 060 054 049 045 042 039 037

CaR
Nom SEK CaR 134 114 102 9.1 8.0 6.8 5.8 5.1 46 4.1 3.8 35 3.2 3.0
Real CaR 34 29 2.5 2.3 2.0 1.6 14 1.2 1.1 1.0 0.9 0.8 0.7 0.7
FX CaR 36 3.2 3.0 2.7 25 2.2 2.0 1.8 1.8 1.7 1.7 16 16 16
Sum nom CaR 171 146 132 119 105 8.9 7.8 7.0 6.3 5.8 5.4 5.1 4.8 4.6
Sum CaR 20.4 174 157 141 125 106 9.2 8.2 7.4 6.8 6.3 5.9 5.6 5.3
Porfolio CaR 189 161 146 132 115 9.7 8.4 74 6.7 6.1 5.6 5.2 4.8 4.6
Diversification 1.6 1.3 11 1.0 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7
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4 Appendix

Table 9. Parameter estimates, AR(1)

Swedish curve a b var(n)
B 0,12 0,97 0,06
B -0,16 0,94 0,09
B 0,02 0,91 0,50
Foreign curve
Bt 0,11 097 0,03
B -0,04 0,97 0,04
B -0,06 0,90 0,46
Inflation 0,06 0,94 0,12
X 0,34 0,96 0,01
Table 10. Correlation matrix, stationary processes
nl nb nlo fx1 x5 x10 rl 1] ri0 FX infl
nl 1.00 0.91 0.81 0.60 0.66 0.71 0.58 0.55 0.50 -0.22 0.27
nb 0.91 1.00 0.95 0.65 0.82 0.88 0.53 0.61 0.59 -0.39 0.16
nlo 0.81 0.95 1.00 0.52 0.74 0.90 0.47 0.58 0.62 -0.52 0.08
fx1 0.60 0.65 0.52 1.00 0.87 0.73 0.35 0.40 0.33 -0.19 0.03
x5 0.66 0.82 0.74 0.87 1.00 0.94 0.38 0.50 0.46 -0.35 0.01
x10 0.71 0.88 0.90 0.73 0.94 1.00 0.41 0.54 0.55 -0.49 0.00
rl 0.58 0.53 0.47 0.35 0.38 0.41 1.00 0.92 0.86 -0.13 0.16
5 0.55 0.61 0.58 0.40 0.50 0.54 0.92 1.00 0.97 -0.23 0.10
r10 0.50 0.59 0.62 0.33 0.46 0.55 0.86 0.97 1.00 -0.32 0.05
X -0.22 -0.39 -0.52 -0.19 -0.35 -0.49 -0.13 -0.23 -0.32 1.00 0.47
infl 0.27 0.16 0.08 0.03 0.01 0.00 0.16 0.10 0.05 0.47 1.00
Note: nl stands for the Swedish one-year interest rate, rl for the one year real interest rate and fx1 for the one-year "foreign interest rate”.
Table 11. Correlation matrix, non-stationary processes (random walk)
nl nb5 nlO ix1 x5 x10 rl r5 r10 X infl
nl 1.00 0.85 0.71 0.61 0.57 0.60 0.561 0.47 0.40 -0.14 0.11
nb 0.85 1.00 0.91 0.71 0.80 0.86 0.45 0.54 0.50 -0.32 0.07
nlo 0.71 0.91 1.00 0.55 0.69 0.88 0.39 0.50 0.54 -0.49 0.04
fx1 0.61 0.71 0.55 1.00 0.89 0.75 0.34 0.41 0.32 -0.18 0.01
x5 0.57 0.80 0.69 0.89 1.00 0.91 0.32 0.45 0.39 -0.32 0.00
x10 0.60 0.86 0.88 0.75 0.91 1.00 0.33 0.48 0.49 -0.49 0.00
r1 0.51 0.45 0.39 0.34 0.32 0.33 1.00 0.87 0.80 -0.08 0.06
5 0.47 0.54 0.50 0.41 0.45 0.48 0.87 1.00 0.95 -0.18 0.04
r10 0.40 0.50 0.54 0.32 0.39 0.49 0.80 0.95 1.00 -0.28 0.02
FX -0.14 -0.32 -0.49 -0.18 -0.32 -0.49 -0.08 -0.18 -0.28 1.00 0.17
infl 0.11 0.07 0.04 0.01 0.00 0.00 0.06 0.04 0.02 0.17 1.00

Note: nl stands for the Swedish one-year interest rate, rl for the one year real interest rate and fx1 for the one-year "foreign interest rate”.
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Table 12. Correlation matrix, January 1996 — March 2006

nl n5  nl0 fx1 x5  ix10 FX infl
nl 1.00 094 090 066 086 089 -047 0.18
n5 094 100 099 061 090 096 -0.60 0.06
nl0 090 099 100 053 086 095 -064 0.00
xI 066 061 053 100 087 076 -033 0.00
x5 086 090 086 087 100 097 -055 0.02
xI0 089 096 095 076 097 100 -0.63 -0.01
FX -047 -0.60 -0.64 -0.33 -0.55 -0.63 1.00 0.50
Infl 018 0.06 0.00 0.00 0.02 -0.01 050 1.00

Note: nl stands for the Swedish one-year interest rate and fx1 for the one-
year "foreign interest rate”.

4.1 Stationary processes

Figure 5. SIMULATED INTEREST RATES, INFLATION AND EX-
CHANGE RATE, STATIONARY PROCESSES

Nominal SEK Interest Rate 5Y

Time
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4.4 RYaR stationary processes

Figure 6. NOMINAL SEK, RUNNING YIELD AT RISK
Percentage points and years
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Figure 7. REAL SEK, RUNNING YIELD AT RISK
Percentage points and years

2.6+

2.4+

2.0
1.87

1.6+

1.4+

3 4 5 5

T 8

Time to maturity 9 10

Figure 8. FX, RUNNING YIELD AT RISK
Percentage points and years
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Figure 9. REAL SEK, RUNNING YIELD AT RISK (without stock effects)
Percentage points and years
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Figure 10. FX, RUNNING YIELD AT RISK (without stock effects)
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4.5 RYaR, non-stationary processes (random walk)

Figure 11. NOMINAL SEK, RUNNING YIELD AT RISK
Percentage points and years

Time to maturity
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Figure 12. REAL SEK, RUNNING YIELD AT RISK
Percentage points and years
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Figure 13. FX, RUNNING YIELD AT RISK
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Figure 14. REAL SEK, RUNNING YIELD AT RISK (without stock effects)
Percentage points and years
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Figure 15. FX, RUNNING YIELD AT RISK (without stock effects)
Percentage points and years
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Figure 16. PORTFOLIO RUNNING YIELD AT RISK
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Figure 17. PORTFOLIO YIELD AT RISK (without stock effects)
Percentage points and years
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Table 13. RYaR and CaR, percentage points and SEK billion, non-stationary processes with stock effect, time horizon 1 year

Maturity 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7

RYaR
Nom SEK RYaR 146 075 050 037 029 023 019 016 014 012 011 010 0.09 0.09
Real RYaR 224 18 171 168 166 165 164 163 163 162 162 162 161 16l
FX RYaR 690 692 693 698 700 701 702 703 704 705 707 708 709 709
Portfolio RYaR 166 134 127 124 123 122 122 122 122 122 122 123 123 123

CaR
Nom SEK CaR 10.8 5.6 37 2.8 2.1 1.7 1.4 1.2 1.0 0.9 0.8 0.7 0.7 0.6
Real CaR 4.8 39 36 36 35 35 3.5 3.5 35 34 34 34 34 34
FX CaR 199 200 200 202 202 202 203 203 203 204 204 204 205 205
Sum nom. CaR 307 255 237 229 224 219 217 215 214 213 212 212 211 211
Sum CaR 355 294 274 265 259 254 252 249 248 247 247 246 246 245
Portfolio CaR 206 167 157 154 152 152 152 151 152 1562 152 152 1563 153
Diversification 148 127 116 11.0 107 103 100 9.8 9.7 9.5 9.5 9.4 9.3 9.2

Table 14. RYaR and CaR, percentage points and SEK billion, non-stationary processes with stock effect, time horizon 5 years

Maturity 0.5 1 1.5 2 25 3 35 4 4.5 5 5.5 6 6.5 7

RYaR
Nom SEK RYaR 322 307 283 251 214 171 142 120 104 092 082 074 068 063
Real RYaR 354 329 308 281 254 228 211 199 191 187 183 179 177 175
FX RYaR 719 735 740 733 724 714 710 709 708 708 708 707 706 7.05
Portfolio RYaR 298 292 276 252 224 19 175 162 154 148 143 140 138 137

CaR
Nom SEK CaR 239 22.8 21.0 18.6 15.9 12.7 10.5 8.9 7.7 6.8 6.1 5.5 5.1 47
Real CaR 75 7.0 6.6 6.0 5.4 4.8 4.5 4.2 4.1 4.0 39 3.8 3.8 37
FX CaR 207 212 214 211 209 206 205 205 204 204 204 204 204 204
Sum nom. CaR 446 440 424 398 368 333 310 294 281 272 265 259 254 250
Sum CaR 522 51.0 489 457 422 382 355 336 322 312 304 297 292 287
Portfolio CaR 371 363 343 313 279 244 218 202 191 184 178 174 172 171
Diversification 15.1 146 146 144 143 137 137 134 131 128 126 123 120 117
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Table 15. RYaR and CaR, percentage points and SEK billion, non-stationary processes without stock effect, time horizon 1 year

Maturity 0.5 1 15 2 2.5 3 35 4 4.5 5 5.5 6 6.5 7

RYaR

Nom SEK RYaR l46 075 050 037 029 023 019 016 014 012 0.11 0.10 0.09 0.09

Real RYaR 133 067 045 033 026 0.21 0.18 0.15 0.14 0.12 0.11 0.10 0.10 0.09
FXRYaR 102 059 044 036 032 030 030 030 030 030 031 031 032 032
Portfolio RYaR 121 063 043 031 024 019 015 013 011 009 008 008 007 0.06
CaR
Nom SEK CaR 10.8 5.6 3.7 2.8 2.1 1.7 14 1.2 1.0 0.9 0.8 0.7 0.7 0.6
Real CaR 2.8 14 0.9 0.7 0.6 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2
FX CaR 29 1.7 13 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9 09 0.9 0.9
Sum nom. CaR 13.7 7.3 5.0 3.8 3.1 2.6 2.3 21 19 1.8 1.7 1.6 1.6 1.6
Sum CaR 16.5 8.7 59 4.5 3.6 3.0 27 2.4 2.2 2.0 19 19 18 1.7
Porfolio CaR 15.0 7.9 5.3 3.9 3.0 2.3 1.9 1.6 1.3 1.2 1.0 0.9 0.9 0.8
Diversification 15 0.8 0.7 0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.9 0.9 09 0.9

Table 16. RYaR and CaR, percentage points and SEK billion, non-stationary processes without stock effect, time horizon 5 years

Maturity 0.5 1 15 2 2.5 3 33 4 4.5 5 5.5 6 6.5 7

RYaR

Nom SEK RYaR 322 307 283 251 214 171 142 120 104 092 0.82 074 0.68 0.63

Real RYaR 2.88 270 246 216 1.84 1.48 1.22 1.04 090 079 071 064 058 054
FXRYaR 231 246 238 213 1.81 1.44 118 099 08 076 068 063 059 0.56
Portfolio RYaR 269 264 246 2.19 1.86 1.49 1.23 1.04 090 079 071 064 059 054
CaR
Nom SEK CaR 239 22.8 21.0 18.6 15.9 12.7 10.5 8.9 7.7 6.8 6.1 5.5 5.1 47
Real CaR 6.1 5.7 52 4.6 3.9 3.1 2.6 2.2 19 1.7 15 14 1.2 11
FX CaR 6.7 7.1 6.9 6.1 52 4.2 3.4 29 2.5 2.2 2.0 1.8 1.7 1.6
Sum nom. CaR 306 29.8 279 248 21.1 16.9 13.9 11.7 10.2 9.0 8.1 7.3 6.7 6.3
Sum CaR 36.7 356 331 29.3 25.1 20.0 16.5 14.0 121 10.7 9.6 8.7 8.0 7.4
Portfolio CaR 335 329 306 272 231 18.6 15.3 13.0 11.2 9.9 8.8 8.0 7.3 6.7
Diversification 3.2 2.7 25 21 1.9 14 1.2 1.0 0.9 0.8 0.7 0.7 0.7 0.7
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