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NON-TECHNICAL SUMMARY

The purpose of the paper is to demonstrate the use of forward interest rates as
a monetary policy indicator. Forward interest rates are interest rates on
investments and loans that start at a tuiure date, the settlement date, and last
to a date turther into the fture, the maturity date. Both the estimation and the
interpretation of forward rates Is discussed. Sweden during the eventiul period
19924 is chosen as an example.

The paper 1s mofivated by the increased need tor monetary policy indicators
when flexible exchange rates have replaced fixed exchange rates. The
collapse ot fixed exchange rates in Europe and the widening ot ERM bands
mean that a well-defined intermediate target ior monetary policy has been lost.
tn this situation, whether a new intermediate target is introduced or not, the
role of indicators will be crucial for assessing the state of the economy and the
siance ol monelary policy, and lor deciding whether the instrument of
monetary policy is on a path appropnate tor achieving the goal ot monetary
policy. Forward interest rates should be suitable as one ot the several
indicators that need 1o be used. Thay should, of course, never be used as the
only indicalor.

The use of iorward interest rates has long been standard in financial analysis,
tor instance in pricing new financial instruments and in discovering arbitrage
possibilities. Although the use of yield curves is standard in monetary policy
analysis in central banks and elsewhere, the use of torward interest rates for
monetary policy purposes appears to be relatively recent. For instance, the
Board ot Governors ot the Federal Reserve System, the Bank of England and
Sveriges Riksbank have recently started to use torward interest rates among
other indicators.

in the absence of a ull set ot torward markets, implied lorward interest rates
need to be estimated from the standard yield curve of existing financial
instruments — usually Treasury bills and Government bonds. For financial
analysis, the estimation ot torward rates is done by a number of different
methods, some rather complex in order 1o achieve sufficient precision. For
monetary policy analysis, the demand for precision is arguably less and can be
traded for increased robustness and simplicity ot the estimation method. The
paper discusses and uses an estimation method that is simple and robust, but
appears to have a precision well beyond what is needed tor monetary policy
purposes.



Forward interest rates can, under specified assumptions, be interpreted as
indicating market expectations of fulure short interest rates, inflation rates and
currency depreciation rates. Forward rates contain the same intormation as
the standard yield curve. Indeed, the forward rate curve is related to the yield
curve as the marginal cost curve is o the average cost curve. Forward rates
present the intormation in a way more easily interpreted tor monetary policy
purposes, however. Whereas the yield curve can be interpreted as expected
wiure averages of the variables in focus, the torward rate curve can be
interpreted as indicating the expected tuture time path ot these vanables.
Theretore torward rates more easily allow a separation ot expectations for the
short, medium and long term than the vield curve. This is the main advantage
of forward rates.

As an example, torward rates are used to interpret Swedish monetary policy
during the period from May 1992 to June 1884,



1. Introduction

The purpese of this paper 1s to demonstrate the use of forward interest rates 55 o monetary
policy indicator. Forward interest rates are interest rates on investment and loans that start at
a future date, the settlement date, and last to a date further into the future, the maturity date.
Both the estimation and the interpretation of forward rates will be discussed. Sweden during
the eventful period 1992-1984 is chosen as an example.

The paper is motivated by the increased nee¢ for monetary policy 1ndicators when flexible
exctiange rates have replaces fixed exchange rates. The collapse of fixed exchange rates in Etrope
and the widening of ERM bands mean that a well-defined intermediate target for monetary policy
f:as been tost. In this situation, whether a new intermediate tatget is introduced of not, the role
of indicators will be crucial, for assessing the state of the economy and the stance of monetary
policy, and for deciding whether the imstrument ol monetary policy 1s on 2 path appropriate
for achieving the goal of monetary policy. Forward interest rates should be suitable as one of
the several indicators that necd to be used. They should of course never be used as the only
indicator.

The use of forward interest tates has long been standard in finaneial analysis, for instance
1 pricing new financial instruments and 1» discovenng arbitrage possibilities. Although the
use of yield curves is standard in monetary policy analysis in certral banks and elsewhere, the
use of forward interest rates for monatary policy purposes appears {o be relatively recent. For
insiance, the Board of Governors of the Federal Reserve System, Bank of England, and Sveriges
Riksbank have receatly started to use forward interest rates among other indicators.!

In the absence of a full set of forward markets, implied forward interest rates need {o be
estimated from data on existing financil mstraments, wsually Treasury bills and Government
bonds. For financial analysis, the estimation of forward rates is done with a number of different
methods, some rather complex in order to achieve sufficient precision. For monetary policy
analyss, the demand for precision is arguably tess, which can be traded for increased robustness
and simplicity of the estimation method. Here T will use an estimation method that is stmple
and robust but appears to have a precision well beyond what is needed for monetary policy
purposes.

Porward interest rates will, under specified assumptions, be interpreted as indicating market
expectaiions of future short interest rates, mflation rates and curreacy depreciation rates, and

used to interpret Swedish monetary policy duning the period from May 19892, six months before

1See Bank of England {(1893a,b), Remhart and Kiapper (1982}, and Svenges Riksbank {1983a,b}. Cf. also
Bask of international Settlement [1983).



the krona was floated in November, until June 1994. Forward rates contain the same information
as the standard yield curve. Indeed, the forward rate curve is related to the yield earve as the
marginal cost curve is to the average cost curve. Forward rates present the information m a
way more casily interpreted for monetary policy purposes. Whereas the yield curve can be
interpreted as expected future averaeges of the variables in focus, the forward rate curve can be
mterpreted as mdicating the expected future fime path of these variables. Therefore forward
rates more easily affow a separation of expectations for the short, medium and long term than
the yicld curve. This 15 the maie advantage of forward rates.?

Section 2 of the paper defines and discusses the relations between spot rates (zero-coupon
rates), ylelds to maturity and forward interest rate. Section 3 presents the estimation method.
Readers not Interested in techaical details can skim these two sections. Section 4 discusses
the interpretation of forward rates in geseral, and Section § discusses the mterpretation of the
Swedish forward rates in particular. Section 6 presents the conclusions. The Appendix reports

some technical aspects of the estimation.

2. Spot rates, yields to maturity, and forward rates

In the absence of explicit forward markets, iiplied forward interest rates have to be estimated
from interest rates on existing financial instruments. To compute implied forward interest rates
from yields to maturity on zero-coupon boads, spot rates, 1s easy. To compute bnplied forward
interest rates from yields to maturity on coupon bonds 1s more complicated. Iaconveniently,
almost all bonds with time to maturity beyond 12 months are coupon bonds rather than zero-
coupon bonds. Yields to maturity on coupon bonds are not identical to yields to maturity on
zero-coupon bonds of the same maturity. Since a coupon bond can be seen as a portfolio of
zero-coupon bonds of different maturities [each zero-coupon bond corresponding to o particular
coupon payment}, yields to maturity or coupon bonds are a kind of average of yields to matarity
on zero-coupon bonds of maturnties from the time of the first coupon payment to ihe time of
the payment of the face value and iast coupon. Estimating forward rates from coupon bonds
can then be seen as involving two steps: first implied spot rates are esfimated from yields to
maturity on coupon bonds, and then implied forward rates are computed {rom implied spot
rates.

To understand this more preeisely, some algebra s needed. The aigebra of spot rates, yields to

maturity or coupon bands, and forward rates ;s casiest if all rates are continuously compounded

IThe anadogy with average and marginal cost 15 exact when interest rates are continuously compounded, and
when & zero-coupon yield curve is used. The analegy 1s approximate for coupon bond yieid curves, and fer
annnally compounded interest rates.

*The continuously compounded spot rate s and the annually compounded spot rate § {both measured in percent
per year) are related by ¥ = 100 (explmj-—l) and § = 100En|i+ﬁ]. See Shiller (1999) or Frage [1986) for details



Let i{2,T) {measured in percent per year) be the continucusly compounded spot interest rate for

a zero coupon bond traded at time . the trade date, that matures at time T > 1, the maturity

date. Let m = T = ¢ denote the time to maturity. The term structure of interest rates at

a given trade date I is unambiguously represented by a graph of the spot rate i{1,1 4 m) for

different times to maturity m. Let dft,T), the discount function, denote the price at time i of

a zero-coupon bond that pays 1 krona at the maturity date 7. 1t is related to the spot rate by
HIND

d(1,T) = exp (- UT - t)) : (2.1)

where exp{z ) denotes the exponential function &7

Consider now a coupon bond wilh coupos rate ¢ percent per year, a bond that pays 2 face
vatue of 100 kronor at the maturity date but also pays an annual coupon of ¢ Kronor each year
up to and including the maturity date. Let the time to maturity be m years.? The present value
at the trade date ¢ of 2 coupon payment made in year k, & = 1,2,...,m, will be ed(?,t+ k) and
the present value of the face value paid in year m will be 1080d(Z,1 4+ m}. It follows that the price
of the bond at the trade date, P(t,1 + m}, will equal

m
P(t,t4+m)= Y cdft,t+ k) + 100d(f,t + m). (2.2)

k=1
For coupon bonds, yields to maturity are often guoted. The yield to maturity is the internal
rate of return for the coupen bond, that is, the constant inierest rate thai makes the present
vatue of the coupon payments and the face value equal to the price of the bond. Hence the yield

to matusity y(f,1-+ m) (measured in percent per year) on the coupon bond fulfills the equation

e _yit i+ m) ) (_y{t,Hm} )
P{t,t-i-TJ:}_A_cexp( UL + 100esp (- B ) - (2.3)

k=1

Yield curves showing the yield to maturity on coupon bonds for different maturities are
frequently used to represent the term structure of interest rates. Such yield curves are an
imprenise Tepresentation of the term structure of interest rates, though. First, a given yield to
maturity can be seen as an average of thie spot rates up to the time to maturity. The present
values of the conpon payments and face vaiue that are used to price the bond in equation {2.2)
correspond to spot rates 1n (2.1} that generally vary with the maturity. In contrast, the present

values of the coupor payments and face value that are used to price the bond in equation {2.3}

on the nigebra of spot rates, yields o matunly and forward rates.

*The general case when the time to matuniy 1s not afk tnieger 1s handied in the Appendix. For sems-annual
coupen payments, as in Britain and the United States, the formulas are accordingiy maedificd {see tor instance
Fage [1986}).



are computed with a constant yield to maturity, which is hence a somewhat complicated average
of the spot rates. Second, for a given term structure of spot rates, the yield to maturity for
2 bond with a given maturity will depend on its coupeon rate, the "coupon effect.” Therefore
two coupon bonds that mature at the same date generaily have different yields to maturity if
they have different coupon rates. The reason 1s that, everything else equal, a higher coupon rate
ymplies thal the share of eatly payments increases, which mives more weight to short spot rates
in the determination of the yield to maturity.

For these reasons yield curves for coupon bonds should not be used as direct representations
of the term structure of interest rates. Instead spot rates should be used.® For maturities below
12 months spot rates are directly available in the form of rates on Treasury bills, which are zero-
coupon bonds. For longer maturities zero-coupon bonds are usually not available for sufficiently
many maturities and in sufficiently large issues to be sufliciently liquid. Therefore, spot rates
wili have to be estimated from yields on coupen bonds. Also, even if there were quite a few
liquid longer-maturity zero-coupon bonds, one might still want to use the additional information
1n the coupon bond yields.

implied forward rates are easy to calculate from spot rates, since a forward investment with
specific settlement and maturity dates can be reproduced by a sale and 2 purchase of zero-conpon
bonds: a sale of a bond maturing on the forward contract’s settlement date and a purchase of
bonds of the same market vatue that matures on the forward contract’s maturity date. The
implied forward rate 1s the return or such a readjustment of a bond portioiio.

More precisely, tet f{f,#,T) (measured in percent per year} be the continuously compounded
(implied) forward rate on a forward contract concluded at time ¢, the trade dale, for an mvest-
ment that starts at time ¢ > 1, the settlement gate, and ends at time T > 1/, the maturity date.

Then the forward rate is related to the spot rates according to

(T — )i(t, Ty — (¢! ~ D)i{t, )

e, 1) = F—

{2.4)

That is, the forward rate for o i-year investment with settiement in 4 years (1’ — t = 4 years}
and maturily 1a 5 years (T —t = 5 years) ("the I-year forward rate 4 years from now”) is equal
to 5 times the 5-year spot rate munus 4 times the 4-year spot rate.

The instantaneous{-maturity) forward rate is the forward rate for a forward contract with

an infinitesimal investment period after the settlement date, and it is defined as the limit

flg, 'y = 71‘1_12' M. {2.5)

®A so-called par yield curve 15 an alternative way te unambiguously represent the term stracture of interest
Tates.



In practice it can be identified with an overmght forward rate, that is, a forward rate with
maturity one day after settiement. The finite-maturity forward rate f(1,¢,T), T > ', will be
the average of the instantaneous forward rates with settiement between ¢ and T,

T, s

Jln e T) = ==t (2.6)

The instantaneous forward rate can be seen as the margnal increase in the total return from
a marginal increase 1n the iength of the mvestment. Instantanecus forward rates and finite-
maturity spot rates are therefore reiated precisely as marginal and average cost of production,
when the time to maturity 15 identified with quantity produced. The spot rate i(¢,T) at time
¢ with maturity at time T' is hence identical to the average of the instantaneous forward rates

with settlements botween the trade date 1 and the maturity date T,

T
i = ﬂfiﬁ:,,")ﬁ
i, T= ;" (2.1
Equivalently, the forward and spot rates fulfill the refation
sy = i, Ty + (7 — 2T (2.8)

ar -
which 15 another standard relation between marginal and average cost, with time to maturity
T — 1 corresponding to quantity produced. Hence, when looking at spot and forward rates we

shall often recognize the shapes of average and margmnal curves familiar from MICTOCECONOMmIcs

textbooks.

3. Estimating forward rates

The estimation of spot and forward rates follows MeCulloch (1971, 1975) in fitting for each
trade date a discount function {the price of a zero-coupor bond as a function of the time to
maturity) to bill and bond price data, but it uses an extension of the functional form of Nelson
and Siegel {1987) instead of McCulloch's onginal cubic spline. The cubic spline has the well-
known disadvantage that estimates of forward rates may be rather unstable, especially at the
iongest maturity {Shea {1084)).6

Nelsor: and Siegel {1087) assume that the mstantancous forward rate is the solution to a

SDahlqust and Svensson {1994) compares the onginal functional form of Nelson and Siegel (1987) to the much
mote complex functional form of Longstafl and Schwartz (1992) on Swedish data for the sample peniod December
199%-June 1983. The Nelson and Siegel functional form is much easier to use than the Longstaff and Schwariz
functional form. The additional flexibility of the Longstaff and Schwartz functional form s not needed for that
sample peried, When additionat flexibility 15 needed for a jew trade dates m the longer sampie 8 the present
paper, the extended Nelson and Siegel fanctional form 1s chosen siace it is much easier to use than the Longstall
and Schwartz functional form.



second-order differential equation with two equal roots. Let me simplify the notation by letting
f{m} denote the mstantaneous forward rate f(2,7 + m) with time to settlement m, for a given

trade date t. Then Nelson and Siegel's forward rate function can be written

fim;b) = Bo+ Brexp (—%) +ﬁz%exp (—?;) {3.1)
where b = [ Bg, Bi, B2, 71) is a vector of parameters (o and 7; must be positive).

The forward rate in (3.1) consists of three components. The first is a constant, fp, the
second 15 an exponential term f; exp (—53[) monotonically decreasing (or increasmng, if §; is
negative) towards zero as a functien of the time to settlement, and the third is a term which
generates 4 hump-shape {or a U-shape, if J; is negative) as a function of the time to settlement,
a7 exp (—f‘;) When the time to settiement approaches infinity, the forward rate approaches
the constant fg, and when the time to settlement approaches zero, the forward rate approaches
the constant Gy + 5.

To 1ncrease the flexibility and mmprove the fit I extend Nelson and Siegels function by
adding a fourth term, a second hump-shape {or U-shape)}, ﬁ;% exp (-—%), with two additional
parameters, J3 and 2 {2 must be positive). The furction 1s then
m m m n m
flm;by = g+ By exp (“’*T—l) + 152;: exp (_;1—) + ﬁa;?‘ exp (—g) . £3.2)
where b = { flo, B, B2, 71, Bz, 2)-

The fanction and its components is illustrated in Figure ja. The parametesrs are fp = 8.06
percent per year, 3y = -0.31 percent per year, §2 = -6.25 percent per year, 1y = 1.58 year, f3
= .1.98 percent per year and 72 = (.15 year. (These are the estimates for Sweden for the trade
date December 28, 1583.} The thick solid curve 1s the forward rate curve. The other curves
show the four components of the forward rate curve.

The spot rate can be derived by integrating the forward rate according to (2.7). Let i(m)}

denote the spot rate #(2, 4 m} with time to maturity m, for a given trade date £. It is given by

i{myb) =
oo(og) - (c2) 1-o0(-3)
Batih = t 2( ;"‘; ~ exp (—%) + 3( = R exp (_;_2.)
{33)

Fisher, Nychka and Zervos {1994) have recently provided several important extensions io McCullock’s cubic
spline method.



The discount function is then given by

d{m;b) = exp (—i?ﬁi)ﬂm) . (3.4}

The discount funetion 15 estimated for each trade date by mummizing either (the sum of
squared) price errors or (the sum of squared} yield errors. Let me first discuss minimizing price
errors. Then, for given parameters the discount function 15 used to compute estimated bond
prices according to (2.2). The parameters are then chosen so as to mummize the sum of squared
errors between the estimated and observed prices of the bords, where the chserved prices of
the bonds are caiculated from guoted yields to maturity, coupon rates and times to maturity
according to (2.3). This 1s the standard way simce McCullock (1971, 1975).

Minimizing price errors sometimes results in fairly large yield errors for bonds and bills with
short maturities. This is because prices are very insensitive to yields for short maturities.” Then
it may be better to chose the parameters so as to minimize yield errors. One can also argue that
since in monetary policy analysis the locus is on interest raies rather than prices, it makes sense
to munimize ervors in the yield dimension rather than in the price dimension. When yield errors
are minimized, for given parameters the discount function s still used to compute estimated
prices of coupon bonds according to (2.2). Then the estimated yield to maturity for each bond
is computed by selving (2.3). The parameters are thenr chosen so as to minisuze the sum of
squared yield errors between estimated yields and observed yields.

The estimation is done with Maximum Likelihood, although Nenlinear Least Squares or the
Generalized Method of Moments can also be used. Heteroskedasticity-consistent standard errors
for the parameters are estimated and used with the so called delta methad fo obtain confidence
intervats for spet and forward rates. Details of the estimation method are given in the Appendix.

In some cases minimizing price errors results 1n quite good fits of yields. In many cases,
however, the yield fit tor short maturities appears less than satisfactory, and minimizing the
yiedd errors then gives a much better fit, usnally with only a minor detenoration of the price fit.

In most cases the orignal Neison and Siegel model gives a satisfactory fit. In some case
when the term structure is more complex the fit of the original Neison and Siegel model is
unsatisfactory. Then the extended model improves the fit considerably.

As an example of an estimation result, see Figure fb. It shows the estimate for Sweden
for the trade date December 29, 1993. The estimation is done with minimized y:eld errors, for
the extended Nelson and Sieget model. The squares show the observed margnal lending rate

and observed yields to maturity on Treasaty bills and Government benchmark bonds, plotted

TReeall that the elasticity of the price with respect o one plus the yield is equal to the duration of & bond
{the present-value weighted average matsnity of coupon payments and face value).



against the maturity date® All rates are annually compouanded, The pluses show the coupon
tates for the bonds {ihe Treasury bills and the marginal lending rate have zero coupons}. The
dashed curve shows Lhe estimated spot tate curve, the zero-coupon rates. The error bars show
95 percent confidence wtervals. Dots with error bars show the estimated yields to maturity
with 05 percent confidence 1ntervals (the estimated yields are on the spot rate curve for zero-
coupon bonds but are generally not so for coupon bonds, since yields to maturity on coupon
bonds generally differ from yields to maturity on zero-coupon bonds). The fit 1s good, and the
error bars are hardly visible. The solid curve shows the estimated {instantaneous) forward rate,
plotted against the settlement date, with error bars shkowing 95 percent confidence intervals.
The horizontal dashed line 1s the asymptote for the spot and forward rate (the parameter fp).
The root mean squared yield error for this estimation 15 0.03 percentage pownls per year, the
root mean squared price errar is 0.16 kronor for a bond with face value 100 kronor.

In this case the spot rate curve has n U-shape similar to the standard shape of average cost
curves in microcconomics textbooks., Consequently, the forward rate curve has a shape similar
to the standard shape of marmnat cost curves. We see that the spot and forward rate curves
start at the same point for zere time to maturity {the overnight rate), then while the spot rate
i detreasmg in the lime to maturity the forward rate is below the spot rate. The forward rate
eurve cuts the spot rate curve m the latter's minimum, and when spot rates are inereasing m
the time to maturity the forward rate is above the spot rate.

The forward sate kas a more complex shape on December 29, 1993, than normally, with a
canspicuous kink for about 3 months settiement. Therefore, the fit with the onginal Nelson and
Siegel functionat form 1s unsatisfactory, and the extended variant results im a much better fit.

For details about the fit with the original form and for minimized price errors, see the Appendix.

4. Interpreting forward rates

Usnder the assumption that the forward term premium is negligible, forward rates can be inter-
preted as expected future spot rates. The forward term premiwm 15 the expected excess return
on a forward investment, that is, the excess of the forward interest rate over the spot rate that
is expected on the forward contract’s trade date to ruie on the forward contract’s settlement
date. The assumption of zero term premia, the so called expectations hypothesis for the term

structure of interest rates, have been frequently tested and olten been rejected.? On the other

*The margnal lending rate was, through May 1994, the overmpht rate at which banks counld borrow reserves
from the Riksbank. Tt ean be scen as the Riksbank's monetary policy mstrument. Arbitrage by banks implied
that the interbank overmght rate would be close ta the margimnal lending rate.

From June 1, 1994, the Riksbank uscs a system similar to that of Bundesbank, 1z that the repo rate, bounded
by a floor {the deposit rate} and a ceiling (the lending rate) serves as the policy instrument.

®See Shilter (1999) and Campbelf and Shiller (1991}, Fama and Bliss {1987} cannot, however, reject the
cxpectaitons bypathesis lor some combinations of settlement and maturity that are highly relevant for monetary



hand, attempts to estimate forward term premia have resulted i rather small estimates. The
1ssue is complicated by the fact that there are three related but distinct term premia which are
sometimes confused: the forward term premium, the holding period term premaum, and the
roliover term premium.'® Furthermore, the combinations of settlement and maturity that are
examined in the literature are often not the combinations that are most relevant for monetary
policy. Upward-sioping yield curves, that 15, long rates being higher than short rates, are some-
times taken as implyiag positive term premna. That umplication 18 not correct if short interest
rates have been rising over the sample pertod. which is the case with many samples. See Svensson
{1993c) lor further discussion of these points, for references to the literature, and for empiricat
resuits on McCullech’s (1980) long sample of U.S. ¢ata that indicate that average term premia
kave been negligible even though the yield curve has on average been upward sloping.!!

In the rest of the paper forward term premia wili be disregarded, except when they are
explicitly discussed in section 5.7 below. The {instaatancous) forward rate curve can then be
interpreted as indicating the expecied time path of fulure overnght rates. Since in Sweden the
overmight rate by arbitrage 15 close to the Riksbank’s monetary mstrument, the marginal lending
rate before June 1, 1994, and the repo rate after that date, the forward rate curve can also be
interpreted as indicating the expected time-path of the future marginal lending/repo rates and
hence, in that sense, the expected time path of future monefary policy.

Under the assumption that the inflation risk premsum 1s zere, the Fisher equation holds.
That is, the expected infiation equals the difference between the nominat spot rate and the reat
spot rate. Then, conditional upon an assumption of a given expected future short real interest
rate, the expected inflation rate at a give future date equals the difference between the expected
future short nominat and real rates at that future date. Sirce the forward rate indicates expected
future short rates, the gap between the forwarg rate curve and the assumed future real short
rate can be interpreted as indicating the expected time path of future inflation rates.

Under the assumption that the foreign exchange nsk pretium 1s zero, that is, that uncovered
interest parity bolds, the difference telween the domestic and foreign spot rate imdicates the
expected average rate of depreciation of the home currency relative to the foreign currency dunng
the period to maturity. Simiarly, the difference between the domestic and foreign forward rate
curves indicates the expectad tsme path ol the futere currency depreciation rates.

Uncovered interest parity 15 nsually rejected in empiricat tests. On the olher hand, estimates

palicy, ramely setelement in a lew years and maturily ope years later,

YThe jorward term premizm s the excess of the lorward rate over the expected future spol rate. The holding
persod term prenuumi is the excess of the expected holding penod return on a long bord over the spot rate lor
the {usually rather short} holding persod, The roflover Lerm: premium ts the excess of the yield to matunty of a
long bend over the expected retura on rolling over a short bond te the jorg bend’s matunty date. See Shitter
{1990} lor details.

114 theosetical discussion of the determinanis of term, nfiation and toraign exchange risk premia 15 provided
in Svensson {1993d).



of foreign exchange risk premia have usuatly been small {see Hodrick {1987) and Marston {1593)
for surveys).

In the rest of the paper the forward term premium, the inflation risk premium and the foreign
exchange Tisk premium are assumed to be negligible {except when they are explicitly discussed
m section 5.7). TForward interest rates are consequently interpreted as indicating the expected
time path of future short rates, future monetary policy, future inflation rates (conditional upon
an assumption of future short real rates) and future currency depreciation rates. Even if the
premia are not negligible, as long as they are stable shifts in the curves stilf indicate changes of

the variables in focus.

5. Interpreting Swedish forward rates

5.1, Time series

Figure 2a shows a weekly time series of the marginal lending/repo rate and estimated spot rates
for 6-month, i-year, 2-year, 5-year and 10-year maturities, for the trade dates May 13, 1992-
June 15, 1994. Figure 2b shows the marginal lending/repo rate and {instanfanecus} forward
rates for 6-month, 1-year, 2-year, 5-year and 10-year setilements. Figures Jo and 3b show 3-
dimensionat graphs of these spot and forward rates; hence Figures 2a and 2b show intersections
along corresponding maturities/setilements.

The September and November 1992 crises show up as peaks of the marginal fending rate.!?
Estimates of forward rates are very unreliable dunng the September crises and its bnmediate
aftermath, since Treasury bill spreads were very wide and the quotes were 1n ali likelihood very
unretiable, This shows up in large fluctuations in the forward rates from September 16 and the
next few weeks, as can be seen in Figure 2b. Figure 2b also reveals that long forward rates
reached therr May 1992 levels agan only as Iate as August 1003,

After the Board of Governers of the Federal Reserve System raised the Federat funds’ rate
on February 4, 1994, forward rates increased dramatically through the spring of 1994, This
increase 1s discussed in some detail in section 5.7 below. After the increase, forward rates are
back at their early 1993 levels,

Figure § shows a time series of forward rates and the krona/deutsche mark exchange rate for
the period alter the krona was ficated, starting December 8, 1992 (the exchange rate 15 plotted
from November 18, the day before the krona was floated). The exchange rate has displayed
considerable volatility, and the kronz has depreciated from 3.76 kroner per mark before it was
fioated to a maximum exceeding 5 kronor per mark 1a September 1993, an almost 35 percent

increase in the exchange rate (aboui a 25 percent loss tn the mark value of the kroma). The

"*See Borngren and Lindberg (1953) for an account of the iwo crses.
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marginal lending rate and the short forward rates (up to 2-year settlement} displays a fairly
consistent downward trend. Long forward rates {10-year settlement) first increase to a maximum
at the end of March, which coincides with a considerable depreciation of the krona. Then came
a period of decreasing long forward rates and an appreciating srona which lasted into June
1993, foliowed by a deprecintion of the krona and some decrease and then a flattening out of
tong forward rates. Towards the end of 1983 and in early 1994 forward rates fell and the kroma

appreciated somewhat.

5.2. Selected dates before and after the crises

Figure 5a shows a tyme senies for the marginal lending/repo rate, and the forward rate curve
for selected trade dates before, between, and immediately after the two crises 1n September and
November 1992, The dotted eurve shows forward rates or the trade date July 1, 1992, The
marginal lending rate was a bit above 12 percent {annually compounded; the simple rate was
11.5 percent!3), and was according to the forward rate curve expected to fall by 2 percentage
points during the next 2 vears and to approach 9 percent after 1895. The curve with short dasbes
shows forward rates on August 12, one month before the September cnises started. The marginal
tending rate was then 8.5 percentage points higher, and expected to rise to 13.5 percent within
the next few weeks, and therealter eventually fall to 9.5 percent. It appears that the September
crises and its increase 1a the marginal lending rate was to some extent anticipated by the market.

The curve with long dashes refers to the trade date October 28, 1892, three weeks before the
November crisis. The marginal lending rate was then expected to fall from about 13.4 percent to
about 10.5 percent, and there was no obvious anticipadion of further inereases in the immediate
future. The solid line refers to December §, 1992, 3 weeks after the krona was floated. The
marginal lending rate was then back at a bit above 12 percent, expected to fall rather quickly
by 3 percentage points dunng 1093 and then imcrease to 10 percent, 1 percentage point kigher
ihan the long-run fevel on July I, 1992.

Sinee reliable market quotations of real interest rates are not available for Sweden,™ an
explicit assumption of expected future short rates need to be made in order to infer inflation
expectations. Britain has a large and reasonably active market for indexed bonds. British real

rates have ssually fluctated between 3 and 4 percent. Here I will mostly assume an expected

B3The marginal lending rate 15 normally quoted as a sumple raie. For companson across maturities, rates have
o be compounded at the same irequency. For mnstance, continuvousiy compounded or annually compounded rates
can be used. Here annually compounded rates are used in all graphs. For a sumple avernight interest rate of 11.5
percent per year, Lhe corresponding annually compounded vate 1s about 0.7 percentage points per year higher. A
simple rate 1 percent per yenr with mainnty s years 1s related te the anngally compounded rate 1 perceat per

year according te 1 + gm = (1 + T;JL:F For the overmght rate, that 15, for very smazll m, the ssmple rate i is

clase to the continuousiy compounded rate 1.
#*The Debt Office made a small issue of & 20-year indexed band in April, 1994, See {urther discussion 10 seclion
3.7.
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future Swedish short real interest rate of 4 percent, although, as will be seen below, I will allow
for the possibility that the expected future real rate was lower 2t the end of 1993 and that it rose
considerably duting the spring 1994, Thus, let me here assume that the expected future short
real rate in December 1892 was 4 percent dunng 1995 and later. Then the expected inflation
rate for the period after 1995 was about 6 percent per year in December 1992, 1 percentage
poiat per year higher than in May 1992,

5.3. The period after the krona was floated

Figure 5b shows the marginal lending rate and forward rates for selected dates for the period after
the krona was floated, December 1992-June 1994, The dotted curve, for the trade date December
9, 1992, is the same as the solid eurve in Figure Sa. The curve with short dashes refers to trade
date February 25, 1993, The marginal lending rate kad then been lowered from just above 12
percent to just above 10 percent (9.5 percent expressed as a simple rate). This was faster than
was expected on December 9, since the margimal lending rate had fallen below the forward rate
curve of December 9. The marginal lending rate was expected to fall ferther by 2 percentage
points until mid 1994, and thereafter rise to reach 11 percent after year 2008, 1 percentage point
higher than on December 9. The forward rate curve had hence tilted considerably compared to
December 9.

The marginal lending rate had been lowered by 0.75 percentage point on February 5, a
larger change than previous steps of 0.5 percentage points. As can be seen m Figure 4, the
krona started to depreciate rapidly after mid February, and forward rates increased somewhat.
1t is possible that the high forward rates and the depreciating krona reflected expectations that
the Riksbank was embarking on 2 more expansionary monetary policy with a higher infiation
rate.

The Riksbank had in January announced an inflation target, namely that the 1aflation rate
during 1995 onwards rate should be 2 percentage points, with a tolerance interval of 1 percent-
age pomt. Assuming an expected real rate of 4 percent in 1995 onwards, the expected inflation
rate was about 4.5 percent per year for 1995 and increasing up to 7 percent per year for year
2000. According to this measure, the inflation target was far from credible.!®

Couid forward rates increasing in the time o settlement be interprated as something eise than
an expected upward-sloping time path of future inflation rates? One possibility is of course that
there is a forward term premium that 1s rapidly rising with the time to maturity. There scems
to be no reason why the forward term premium should suddenly become rapidly mereasing 1n

the time to maturity, though, and existing empirical evidence indicates that on average the term

S After the British pound was floated on September 16, 1592, British long forward rates also mereased dra-
matically, as documented in Bank of Engiand {1993a,1b) and Svensson {1593c). British iong lorward rates did not
reach pre-Seplember 1992 levels until almost 12 mosths later.
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prepua are small. Alternatively, an expected inerease i overnight rates might reflect a retumn
to normal short real rates if current short real rates were abnormally low. Swedish short real
interest rates were hardly abnormally low in February, though, and future ezpected short real
rates much above the assumed 4 perceat seems unlikely, at least to me. Could the upward-sloping
forward rate curve be interpreted as an expected future increase in the marginal lending rate due
to future monstary contraction because of expected future inflation? Hardly. If the central bank
15 expected to react to higher inflation with a monetary contraction, this should be incorporatad
mto price-setting behavior, 1n which case the higher inflation and resuiting contraction would
not occur, and hence should not be expected to occur. Instead it seems that the expecied
increase in overmght interest rates must be interpreted as an expected accommodation of the
central bank to a situation of kigher inflation, higher money growtih, and higher interest rates
due to lower demand for real money balances.

On February 25 the Riksbank made an announcement that emphasized the inflation target
and suggested that market expectations of lower future marginad lending rates were exaggerated.
The Riksbank also intervened on {he Treasury bills market ;m order to mcrease short interest
rates. Dunng the next two weeks the Krona appreciated (Figure 4), and long forward rates fell
considerably, more than short forward rates {Figure 4). The forward rate curve tilted back te
the position showed by the curve with long dashes m Figure 5b, for the trade date March 8,
1593, Inflation expectations fell by about (.5 percentage points for 1995, by about 1 percentage
point for year 2000 and alter (under the assumption that the expectied future short real rate did
not change).

This gasm n :mflation target credibility vanished, however, when a parliamentary cnsis for
the government began on March 10. The kronz depreciated and long forward rates increased
towards the end of March to their highest level dunng the whole sampie period, well above 11
percent {Figure 4).

Later in April long forward rates fell (Figure 4), and in the third week of April the Riksbank
iowered the margnal lending rate after having held it constant for more thar two months. Long
rates continued to fall and the Riksbank cautiously lowered the marginal lending rate gradually
during the rest of the spring. The curve with dashes and dofs in Figure 5b shows the forward
rate curve on June 30, beginaing at the marginal lending rate just above 9 percent, falling to 7
percent at the end of 1994 and then rnsing to 9.5 percent 1 year 2000. Under the assumption
of a 4 percent expected reat rate for 1395 onwards, 1rflation expectations for 1995 were atmost
within 3 percent per year, the upper target iimut, although for later years expected 1nflation
clearly exceeded the target interval.

‘Fhe thin solid curve in Figure 5b shows the forward rate curve 6 months later, on December
29, 1993. The margmal lending rate had ther been lowered to 8 percent {7.5 percent expressed
as a simple rate). The marginal lending rate was expected to fall very quickly by more than 1
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percentage point in the new year, consistent with speculation in the media that the Riksbank
under the new Governor from January 1, 1994, would lower interest rates rapidly. Under the
assumption of a 4 percent expected future real rate, inflation expectations were below 2 percent
per year for 1985, hence within the target interval between 1 and 3 percent per year. Inflation
expectations exceeded the 3 percent ceiling for 1998 and later years, though.

Bank of England [£994) reports that British real forward rates fell betwean Qctober 27, 1993,
and February 2, 1894, by more than (.5 percentage points for some settlement dates. Therefore,
expected future Swedish real rates may aise have fallen during that perjod, perhaps by about
the same magnitude. Ar assumption of an expected future real rate of 3.5 percent would then
result in nflation expectations about 0.5 percentage point per year higher thar those reported
above,

As argued below m section 5.7, with hindsight it appears that it is possible that forward rates
were too iow at the end of 1993 because of portfolio effects or perbaps because of a "bubble” in
pond rates. This means that inflation expectations may have appeared misleadingiy low at the
end of 1993 and in early 1994,

The thick solid curve shows the forward rates on June 15, 1994, The large skift in the
forward rates during the sprieg is further discussed in section 5.7.

Figure 5b may be contrasted with Figure 5¢, which shows spot rates for the same trade
dates as in Figure 5b. The considerable iperease 1n fong forward rates between December 9 and
February 25 does not correspond Lo any Increase in long spot rates. Short spot rates fall and
long spol rates are roughly constant. We recall from (2.7} that long spot rates are an average
of forwnrd rates for the whole period up to the matunty date. Then, if skort spot rates fall,
but long spot rates remam constant, it must be that forward rates with settlement far into the
future 1rcrense. Else the average could not remain constant,

Although both spot and forward rates in principle contan the same information, forward
rates make it more easy to infer expected Tuture short rates and filter out expecied short rates
in the immediate future; since spot rates indicate expected average future short rates whereas

forward rates indicate the precise expected time path of future short rates.

5.4, Comparison with German rates

Figure §a shows a time series of German and Swedish rates: German overnight rates, Swedish
margnal lending/repo rates, and both countries’ forward rates, for settlement 1 2, 5 and 1)
years. The period is December 1892-June 1904, For instance, the two thin solid curves show
forward rates with 2-year settlement. The German curves are always below the corresponding
Swedish ones.

Figure 6b shows German (thin curves) and Swedish (thick curves) forward rates for four
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selected dates: December 9, 1952, June 30 and December 29, 1993, and June 15, 1994, The
Swedish rates are higher than the German ones. The difference between the forward rates
decreased during 1993, but it increased again during spring 1994, We see in Figure 6b that
Bundesbank has lowered the short interest rate roughly as expected by the market half a year

carlier: each new forward rate enrve starts out on or near the previous curve.

5.5. Exchange rate expectations

The difference between Swedish and German forward rates can be interpreted as the expected
future time path of the krona depreciation rate relative to the mark. Equivalently, the difference
between Swedish and German spo? rates can be mterpreted as the average krona depreciation
rate relative to the mark up to maturity. Given the current exchange rate the expected future
exchange rates can then be calcutated. Figure 7 shows the actual wrona/mark exchange rate
since November 18, 1892, the day before the krona was floated, and the expected future exchange
rate as of the same trade dates as 1n Figure 6b. The krona has depreciated much more rapidly
than was expected on December 9, 1992, In spite of the large depreciation that had occurred

by June 15, 1984, further depreciation was expected.

5.6. Comparison with other countries

Figure 8a compares Jorward rates for Sweden, Britain, France, Germany and the United States,
for June 30 and December 29, 1893, and June 15, 1884, Or June 38, 1993, long forward rates for
Frarce, Germany and the United States ciustered together, Swedish forward rates were about
2 percentage pomts higher, and British forward rates were somewhat bejow the Swedish ones.
in the spring of 1893 there had been an even ciearer pattern of a clustering mnto two categories,
Britain and Sweden with similar higher long forward rates, and France, Germany and the United
States with similar lower long forward rates.!6 By December 29, 1993, Britam had joined the
low rate group with long forward rates converging at 7 percent. Sweden remained alone with
almost 1.5 percent higher iong rates than the rest. Britain’s short rates were expected to nise,
and Sweden’s to fall, so that they were expected to be egual at about § percent in 1996, after
which Sweden’s rates were expected to 1ncrease more rapidly than Britmn's.

By June 15, 1094, the forward rates had shifted up for all countries, but by more for Britam
and Sweden, The British forward rates now agaz fell between Sweden’s and the other countries.

Figure 8b shows corresponding spot rates. Britain's convergence to the low-rate group by
December 29, 1983, is not apparent [rom the spot rates. A comparison between the spot and

forward rates give severat good examples of different combinations of average and margnal

188 Svensson {1993b) for a more detailed discussion of forward rates and moretary policy 1n these countries
for the penod between September 1992 and September 1993
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curves,

5.7. The interest rate incrense during spring 1994

On February 4, 1994, the Board of Governors of the Federal reserve system raised the Federal
funds rate for the first time in 5 years. This marked the beginning of a period of rising bonrd
rates in United States and Europe, a period that has continued through the spring and is still
going on at the time of writing this (June 1994). The dramatic rise n spot and forward rates
i5 apparent 1a Figures 2a and 2b for Sweden, and in Figures 8a and 8b for the other countries.
Froin Figures Ba and 8b if appears that spot and forward rates have increased more for Britain
and Sweden than for France, Germany and the United States. In Figure 6b we can see that
between December 20, 1993, and June 15, 1994, the forward rate with settlement in Janaary
1898 increased by almost 2 percentage points for Germany, and by more than 3 percentage
points for Sweden.

Interpreting this increase in spot and forward rates 15 a considerable challenge. Throughout
the spring the media have been full of competing explanations. Here I shall focus on the rise m
Swedish forward rates. As discussed above, the nominat forward rate can be seen as the sum of
three components; the expected future short real interest rate, term and inflation risk premia,
and the expected future inilation rate (see Svensson (1983¢,d) for details). The issue at hand
15 then to try to judge how the totat increase 1n Swedish forward rates can be decomposed into
changes in these components, and especially how much of the total change is an increase in

inflation expectations. Let me discuss each component in turn.

5.7.1. Expected future real interest rates

Have expected future real interest rates increased? This question 1s difficuit to answer 1 the
absence of markets for indexed bonds. The only country with a reasonably large and active
masket for indexed bonds is Britain. Bank of Engtand {1994) reports that between February
2 and May 4, 1994, real forward rates increased by about 1 percentage point at the short end
{settlement ;m about 2 years), and about (.5 percentage point at the long erd (sctilement in B
years and more). Durnng the same penod British nominal forward rates mcreased by about 3
percentage points at the short end, and about 1.5 percentage points at the long end. Thus, for
Britain the increase in real forward rates was roughly a third of the mcrease in nominal forward
rates. In May 1094 the level of British real forward rates was between 3.5 and 4 percent.

The real forward rate equals the expected future real spot rate plus a reat term premium.
The mcrease in British real forward rates may thus consist of an increase in both the expected
future spot rate and the real term premsum. Let me for ssmplicity interpret the icrease in real

forward rates as an equal increase 1n expected future real spot rates, although later T shall allow
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for the possibility that an increase in the real term premium 1s included.

As a first approximation, one mught assume that the mcrease in expected future Swedish real
rates was about of the same magnitude in Sweden as in Britam. Could expected future Swedish
real tates have imecreased more than British rates did? One possibility 1s of course that the
large Swedish pudget deficit might mduee higher real rates on Swedish government bonds than
in other countries, due to a portfolio effect because of a large suppty and an inelastic demand
{assumng there 15 yet no defauit premium on Swedish bords). On the other hand, Swedish
bonds are siill such a small share of world portfolios that demand shoald be rather elastic. Even
though Swedisk real rates may be higher than British ones, there is also no clear reason why
the margin should have increased dusing the spring.

The Swedish Dent Office sssued an indexed bond 1z mid-April, 1994, 2 zero-coupon bond
with 20 year maturity. The bond was bought at & real rate of 4 percent per year. Althoagh this
rate 15 consistent with the nssumption of a 4 percent real rate used above i this paper, the rate
on this long bond does net of course indicate much about the real rate for the next few years,
since it is the average real rate for the next 20 years. Also, the issue was not large, the Debt
Office did not issue alf it had planned to issuc {since it did not accept rates above 4 percent),
and no active secondary market has developed.

In conciusion, I find it reasonable to assume that Swedish expected future real rates may
have increased by 3-1.5 percentage points dunng the spring {possibly including an increase mn
the reat term premium}, and that the expected future real rate may be about § percent after

the spring (possibly mcluding a real term premium) rather than 3.5-4 percent before the spring.

5.7.2. Term premia

Could term and inflation risk premia have increased during the spring? Let me first discuss term
premua. A (forward) term premium is the excess of the forward rate over the expected future
shott spot rate. A positive {negative) term premium fmplies that the forward rate overestimates
{underestimates} the expected future spot rate.

When nominal and real forward rates are compared, as can be done for Britain, the differ-
ence between the nominal and reat forward rate equals the sum of the difference between the
expected future nominal and real spot rate and the difference between the nominal and real
term premium.}” If both term premia increase by the same magnitude, the increases cancel.
Above 1 have distegarded the real term premium and interpreted the increase m British real
forward rates as an increase in expected future real spot rates, which led to the assumption of

an mncrease in expected real Swedish spot rates of 1-1.5 percentage points. Alternatively, I could

I"The nomnal {real} term premium 1s the excess of the nonunal (real) forward rate over the expected luture
nominal (real} spot rate,
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have assumed that this increase included a possibie 1ncrease 1n the real term premium. If the
nominal term premium increases by the same amount as the real one, no bias resuits. Thus,
in the case when the term premia increase by the same magnitude has already been implicitly
handled above.

1t Temains to consider the possibility that the somimnal term premium has mcreased more than
the real one. According to standard portiolio theory (see Svensson (1993d)) the nominal {real)
term prenuum is proportional to the negative of the covariance betweer the future nommal (reaf)
spot rate and the nomunat (real) return on the market portfolio {or nominal {real) consumption,
depending upon which asset-pricing model is assumed). If the vanability of the nomnal spot
rote has mmereased more than the variability of the real rate, it 1s possible that the covarnance
for the nominai rate has increased iz magnitude more than the covariance of the real rate. To
udge whether that has happencd dunng spring 190 requires additional research, though.

A popular explanation, frequently mentioned in the media, for the interest rate movements
durmg the spring is that some mvestors {notably so-called hedge funds) during 1993 took farge
long positions in long American and European bonds, financed by shori berrowing, i the
expectation of falling long rates and corresponding capital guns. Such large open positions
in long bonds would depress long spot rates, and also lead to low forward rates and perhaps
negative term premia. U so, forward rates at the end of 1993 would have underestimated
expected future spot rates. Alternatively, some 1nvestors expecting falling long rates 1s consisfenat
with these investors expecting low future short rates and also anticipating that the market will
eventually share those expectations. In that case average expectations of future spot rates
were exceptionally low at the end of 1993. The Federal Reserve’s increase in the Federal funds
rate on Pebruary 4 would then mmdicate a shift to a new sitnation with rising short rates, and
lence ristag long rates. The investors with long positions 1 long boads would then attempt to
close their positions, with nsing bond tates as a result. Although this argumeat may help to
explam why US long rates would go up, it is not clear why Luropean jong rates would follow.
One possibility 1s that investors for ne ohvious reason aiso suddenly expected rising European
short rates, anolher possibility is thiat losses on American investments forced investors to reduce
exposure in European investment, a third possibility 1s that some long investment 1 Evrope
was fianced with short borrowing m the United States (in which case one perkaps should have
seen a significant appreciation of the dollar agunst Evropean currencies during the spring).

According to this explanation term premia (or expected future short rates) were perhaps
too low at the end of 1993, whereas they have been corrected dunng the spring or perhaps
gven become too high by now. This explanation can also be wsterpreted as referring to a bond
"bubble” at the end of 1993, a situation when bond rates lose contact with fundamentals and due
to bandwagon effects fall beyond what is warrasted by fundamentals. The Federal Reserve's

increase 1 the Federal funds rate would then have burst the bubble. The events dunng the
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spring might then either be interpreted as a return to fundamentals, or perkaps the start of a
peniod with z “reversed” bubble, a situation when bond rates lose contact with fundamentals
but become too high rather than foo low.

An mteresting possibility :5 that Fed’s maintairing a very low Federa! funds rate for so long,
and some European central banks® eagerness to lower short interest rates, may have fueled such
a bond bubble duning 1993, whereas higher short rates mught have dampened such a bubble or
even prevented it from occurring.

Whether or not this explanation 15 reievant to the 1nterest rate movements in Europe and
Usited States, I ¢o not see that it can rationalize why rates 1a Britain and Swedern increased

much more than rates in France, Germany and United States.

5.7.3. Inflation risk premin

Could inflation risk premia have increased during the spring? The inflation risk premium is
the excess of the difference between expected future nominal and real short spot rates over the
expected future inflation rate. The inflation risk premium depends on the perceived variability
of futare inflation; according to standard portfolic theory it is proportional to the pegative of the
covartance betweesn inflation and the real return on the market portfolie (or real consumption).
Increased uncertasnty about inflation may imply an mncreased magnitude of the covariance, and
bence a larger mflation nisk premium (if the covariance is negative).

Commentators sometimes for some reason seem to Haply that i1t 15 better if an increase
m nominal interest rates 15 due to an increased inflation risk premmum than to an mcrease
m expected inflatron {expected inflation mterpreted as the percerved mean of inflation). This
cannot se nght. An mereased inflation risk premium 15 of course by itself a problem for a
manetary policy with price stability as a goal.

An increase in the varmbility of inflation without an increase 1n expected mflation 15 an
exampie of a so-called mean-preserving spread. A mean-preserving spread for nflation requires
fhat the probabiiity of both hkigh and low inflation tmcreases so as to leave the mean unchanged.
In practice, it seems more likely that increased variability of inflation corresponds to an increased
probability of high mmflation and a constant or reduced probability of low milation. That 15, an
increased variability of inflation goes with an increased mean (this point 1s made by Bank of
Engiand {1994)). Therefore, in many situations an iereased inflation visk premium would also
tmply ncreased expected inflation. An increase i the nflation risk premium is therefore a
problem for monetary policy for two reasons, sinee it indicates both an increased vanance and
an increased mean of infiation. When evaluating monetary policy, for practicat purposes the

distinction between the mflation risk premium and expected inflation may be less ymportant.™®

1A rather impericct measure of inflaticn uncertaiaty, the standard deviation of answers to a Swedish inflation
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5.7.4. Inflation expectations

Let me finally consider the remainder, the expected future inflation rate. Above I noted that
the Swedish forward rate with settiement m 1998 increased by more than 3 perceatage points
between December 1903 and June 1994, Suppose expected future real rates increased by i-
1.5 percentage points, possibly including an increase in term premia. That would leave 1.5-2
percentage points to be explained by an increase in the expected infiation rate and the inflation
nisk preminm. Suppose the nflation risk premuum increased by as much as 0.5 percentage point;
that would leave 1-1.5 percentage points increase 1a inflation expectations. This s still a sizable
inerease in nflation expectations.

Let us iook at levels instead. Suppose that we accept the assumption that in June 1994
the expected future reat rate was as high as 5 percent. This 15 a rather high real rate, but
we may interpret it as also including possible term premia. In June, the nomunal forward rate
with settiement in 3-5 years was a bit above 10 percent. Subtiracting the expected futare real
rate gives milation expectations of about § perceat per year, possibly inciuding an :rflation sisk
premium. Is that a reasonabie resuit?

It may be illununating to consider the resait of a survey of inflation expectations {Aragon
{1994)), where the largest domestic and foreign mvestors on the Swedish bond market are
asked each quarter about their inflation expectations for the next 2 and 5 years. From this
the investor's implicit expectations for years 3-5 can be computed. The thick curve in Figure
¥ shows the result. In mid February and mid May 1994, inflation expectations for years 3-5
were .3 and 4.6 pereent per year, respectively, This is clearly a small increase compared to
the increase of 1-1.5 percentage points above, Although the infiation expectations in the survey
generally move in the same direction as the forward rates, they fluctuate much less. On the
other hand, the survey infiation expectations in May are rather ciose {o the 5 percent per year
inflation expectations calculated from the June forward rate. The survey resuits thus support
£he view that forward rates were too low 1n eatly 1984, The large increase in estimated inflation
expectations reported above may be too large, not primarily because forward rates were too high
at the end of the spring, but rather because they were too Jow at the beginning of the spring.

In summary, the conelusion I would like to draw is that nominal forward rates were probably
too low in earty 1994, with either negative term premia or very low expected future spot rates.
Disregarding premiz and assuming a 3.5-4 percent real interest rate then may have resuited
in too iow an estimate of inflation expeetations. With hindsight, the apparent reduction of
inflation expectations at the end of 1093 was probably to a considerable extent an Hlusion. The
increase in nonunal forward rates during the spmng has corrected this, but the forward rates

have increased much more. Part of the imcrease sn aominad rates 1s explained by an 1rcrease m

expectations survey turther discussed below § Aragon £13094)), actually fell between Fobruary and May 1994,
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expected future real rates. This does not explain the whole increase m nominal forward rates,
though, but inflation expectations a few years ahead have increased as well, and possibly also the
infiation risk premium. In a situation with considerable real rate movements, it would of course
be particularty useful with reliable market quotes on mdexed bonds of different maturities. In
the absence of reliable market quotes or teal interest rates, an assumption that the expected
future real spot rate has mcreased to 5 percent in June 1994 may be reasonable. This resultsin

an expected future inflation rate 1n June 1994 of about 5 percent per year for 1557 onwards.

6. Conclusions

With flexible exchange rates, monetary pelicy in Europe will have to rety more on indicators
than previously under fixed rates, especially sinee it will most likely be difficult, at least for
some time, to find appropriate and reliable intermediate targets for monetaty poliey. Several
different indicators will kave to be used. One of the potential indicators, the (implied} forward
interest rate curve, can be used to indicate market expectations of the time-paths of future short
interest rates, monetary policy, inflation rates and currency depreciation rates.

The forward tate curve contains the same 1aformation as the spot rate curve, but il presents
the information m a way that makes it caster to interpret for monetary policy purposes. Thus
the forward rate curve separates market expectations for the short, medium and long term more
casily than the spot rate curve. Since monetary policy measures have effects with “long and
variable lags,” locking beyond the short term is often necessary :n monetary policy analysis.
Using long spot rates or long bond yields instead of long forward rates can give a musleading
fmpression, since long spot rates and long bond yields include expectations of interest rate
movements in the short term. In tong forward rates, expectations of interest rate movements i
the short term have been filtered cut.

The paper has demonstrated bolh the estimation and interpretation of forward rates. The
estimation has been done by an extended version of Nelson and Siegel’s {1987) functional form.
The extended version gives a very good fit in the relatively few cases when the oniginal version
is insufficient.

The interpretation of forward rates has been demenstrated in a fairly detailed stady of
Swedish forward rates during the eventful period May 1992-June 1994, The study has revealed
that the September 1992 increase in the margnal lending rafe to some extent was anticipated by
the market, and that long forward rates {as in Britamn) rose considerably after the currency was
flosted. It is possible that this indicated increased long-rur inflation expectations in reaction
to a faster than expected lowermg of the marginal lending rate dunng December 1992-February
1893. Movements in forward rates and inflation expectations m February and March 1993 are

consistent with likely reactions to Riksbank actions and the crisis in parliament. The study has
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also revealed that long forward rates did not reach their May 1992 levels until August 1993. The
dramatic increase in forward rates dunng the spring 1994 has been discussed in some detadl.,
The conctusion 15 that forward rates may have been artificially low at the end of 1993 and in
early 1094, due to possible portfolio effects and perhaps even a temporary bubble m long bond
rates, resuiting 1n too low estimates of infiation expectations. The rise in forward rates dunng
the spring 1994 appears to have been caused by both rising expected future real rates, rising
mflation expectations, and possibly atso rising inflation risk premia.

The paper’s mantaned assumption is that term, inflation and foreign exchange tisk premia
tave geperally been so small as to warrant the use of forward rates as indicating expected
future short rates, future inflation rates and future currency depreciation rates. This maintained
assumption has some empirical support. Estimates of average forward premia for settiement in a
few vears and maturity one year later indicate that the premia are small. Also, the conventional
wisdom that upward sloping yield curves imply positive term premia 1s not correct, since the
upward sioping yield curve may be explained by expectations of nising short rates over the sample.
However, according to the theory, it is actually conditional time-varying premia, rather than
unconditional average premia that are relevant. More research on. and estimation of, conditional
time-varying forward premia with for monetary policy relevant combinations of settiement and
maturity 15 called for. Option prices on bond futures include information about perceived future
interest rate volatility which can be used 1a estimating premia (cf. Bank of England {1094)).
The literature has usually considered other term premua, the holding period and rellover term
premia {defined in footnote 10 above}, and other combinations of settlement and maturity. The
literature has atso frequently focused on testing the expectations hypothesis (the hypothesis of
zero tisk premia) rather than on actually estimating the size of the premia in order o judge
whether the premia are economically as well as statistically significant. If conditional time-
varying premia are non-regligible, that dees not necessarily mean that forward rates cannrot he
used as indicators, only that the premia should be estimated simultaneousty with the forward
rates and then used to adjost the forward rates.

Availability of market real interest rates on indexed bonds with maturitios between 2 and
10 years, as i Britain, would give increased precision 1o the interpretation of spot and forward
rate movements for monetary policy purposes, especiully dunng petiods like the end of 1993 and

the spring of 1994 when real rates may have been volatile.

A. Appendix. Details on the estimation of forward rates

For a given trade date, let there be n coupon bonds {e;, m;, ¥, p5), 7 = 1,..., B, where c;, mj,
y; and p; denote, respectively, the coupon rate, the time to maturity, the observed yield to

maturity and the observed price of bond y, which is assumed to have a face vaiue of 180 units
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of domestic currency. (The bond prices are computed from the yields to maturity according to
{2.3), or vice versa.} For a given parameter vector b the estimated prices of the bonds, P;(b),
are computed with the discount function d(m;b) in (3.4} evaluating each coupon payment.
More precisely, for bonds with annual coupon payments, fet v, & = 1, 2, ..., K;, denote the
times to the coupor payments on bond 3, where Kj 1s the number of coupon payments. In the
special case when fm; is an integer, we simply have rj; = k and K; = m;. In the general case
we have
Tk = mj—|mj]+ k-1 and

Al
K = im+i, (a-D

where |m;] denotes the targest iateger that is strictly smaller than m;. The estimated price of
ezch bond, P;(b}, is the present value of the bond wher the coupon payments and the face vatue
are priced with the discount function,
X
Pi(b} = E c;d{ T 0) + 1001z 8)y 7 = 1, ou e {A.2)
k=1
for semiannual conpon payments, that is, for Britain and the United States, these reiations
are accardingly modified (sec for instance Grave {1986)).
When price erross are minimized, the observed price is assumed to differ from the estimated

price by ae error term, €;,

pj = Fi(b}+ 5. (A3)

The estimated prices are then ftted to the observed prices with Non-linear Least Squares,
the General Method of Moments, or Maximum Likelihood. The estimates 1o this paper are
Maximum Likelihood. The 85 percent confidence intervais have beer computed with the delta
method and are heteroskedasticity-consistent.?®

When yield errors are mumimized, the esiimated yield to maturity for bond 3, Yi{B), is
computed from the observed boad price Pi(b) by solving {2.3). Although (2.3) is a non-linear
higher-order equation with the same order as the number of coupon payments, it has only
one real root and is easy to solve numencally, for instance with the standard Newton-Raphsen
algorithm {see Gave [1986)). The observed yield to maturity is assumed fo differ from the

estimated yield to maturity by an error term,

yj = Yi(bh+ e, (A4)

1250t b and £ denote the estimates of the parameter vector b and its covananee matnx, respectively, The
delta methad implies that for the purpose of computing confidence intetvals for the forward 7ate, the estimated
farward tate f{m:b) for a given setilement m s considered to be distributed as 2 Normal vanable with mean
Fim;b) and covariance ZEDA GAmE (i 0pe BI0mE 5o (ho column vector of partial denvatives with respect to
the parameters, ete.
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and the estimated yiclds to maturity are then fitted to the observed yields to maturity.

The estimation has been donme with the restriction that €he forward rate curve {and hence
the spot rate curve) should start at the left end from the margmnal lending rate or the overaight
rate, except for Britan.

The difference between minimizing price and yield errors, and between the origipal and
extended Nelson and Siegel furctional form, 1s illustrated in Figures Ib and Figures A1-A3.

Figure A la shows the estimated spot and forward rate curves for December 29, 1993, when
price errors are minimized with the omginal Nelson and Siegel functiopat form in (3.1). We
see that the fit for the Treasury bill yields is uasatisfactory. Figure A b shows estimated and
observed prices. For the pnices the fit is good. The estimated prices are close to the observed
prices, and the error bars that denote 93 percent confidence 1ntervals are hardly visible in the
Figure. The root mean squared price error { RMSPE) 15 0.18 kronor (for bonds with face vatue
100 kroror}, whereas the root mean squared yield error (RMSYE) is 0.22 percentage pomts. The
maximum absolute yieid error is .57 percentage points and occurs for the 3-month Treasury
bill,

Figure A2a shows the estimated spot and forward rate eurves for the same trade date, when
instead yield errors are minimized, still with the original Nelson and Siegel functional form. The
RMSYE has fallen to 8.16 percentage points. The maximum absolute yield error has fallen to
(.38 pereentage points and still eccurs for the 3-month Treasury bill. The fit for the yields 15
still hardly satisfactory. The confidence intervals for the forward rates are rather large. The
RMSPE has increased to 0.51 kronor. We see in Figure A28 that the fit for prices 15 worse than
m Figure Alb, and that the confidence intervals are larger.

Figure Ib shows the estimated spot and forward rates when yield errors are minimized and
when the extended Nelson and Siegel functional form is used. Figure A3 shows the corresponding
observed and estimated prices. The fit is quite good both for yields and prices. The RMSYE is
ondy 0.03 percentage points, and the RMSPE is 0.16 kronor. The maximum absolute yield error
is 0.85 percentage points and occurs for thel2-month Treasury bill. It is evident from Figure 1
tiat the second U-shape (the thin solid line) allows a much better fit at the short end of the
spoi rate curve.

The term structure on December 29 is unusually compiex. In most cases the original Nefson
and Siegel functional form with minimized yield errors gives a satisfactory resuit, and in guite
a few eases the difference between the estimates for minimized yield errors and minimized price

errors &5 small.
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Figure Ba. Forward Rates

30 Jun 1993
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Figure 8b. Spot Rates by Trade Date
30 Jun 1983 28 Dac 1893
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