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Abstract

Using interest rate yield spreads to explain changes in inflation, we investigate whether such
relationships can be modelled using two-regime threshold models. Implementing a robust test to
detect evidence of a threshold, we find that the hypothesis of linearity is generally rejected. For
the United States, we find that the inflation-spread relationship at most horizons is more
pronounced when the yield curve is inverted, which is usually associated with periods of tight
monetary policy. This implies that monetary policy may have an asymmetric effect on inflation.
Curiously, the pattern of asymmetry in Canada appears to operate in the opposite direction, with
expansionary policies having a relatively greater impact on inflation than tighter policies.

JEL classification: E31, C51
Bank classification: Inflation and prices; Interest rates

Résumé

Dans ce document de travail, I'auteur cherche a déterminer, a I'aide de modeles a seuil & deux
régimes, s'il est possible de formaliser une relation liant les variations de I'inflation aux écarts de
taux de rendement. L'application d’un test robuste pour détecter I'existence d’un seuil entraine
généralement le rejet de I'hypothése de linéarité. L'auteur constate qu’a la plupart des horizons, la
relation entre les écarts de taux de rendement et les variations de l'inflation aux Etats-Unis est
plus prononcée lorsqu’il y a inversion de la courbe de rendement, phénomene que I'on observe
habituellement quand la politique monétaire est restridlies résultats impliquent de possibles
effets asymétriques de la politique monétaire sur l'inflation. Curieusement, I'asymétrie semble
agir en sens opposé au Canada, ou une politique monétaire expansionniste a une incidence
relativement plus forte sur l'inflation qu’une politique restrictive.

Classification JEL : E31, C51
Classification de la Banque : Inflation et prix; Taux d’'intérét






1. Introduction

In this paper, we investigate whether threshold effects exist in the relationship between inflation
changes and interest rate yield spreads in the United States and Canada, using the technique
developed by Hansen (1996) to test for a threshold whose location is unknown a priori. Testing for
threshold effects allows us to gauge whether this relationship is more pronounced for certain
levels of the interest rate yield spread. Through the introduction of a threshold variable, we can
capture potential non-linearities in the relationship within a tractable and intuitively appealing
parametric model.

Our interest in non-linearities in general, and in threshold models in particular, is motivated by
two factors. First, this work extends and complements the leading-indicator literature of the
interest rate yield spread by Mishkin (1990a,b, 1991), Frankel and Lown (1994), and Day and
Lange (1997). These authors generally find, within a linear framework, that the term structure of
interest rates at longer horizons contains useful information about inflation changes. Detection of
significant non-linearities, however, can potentially improve the forecasts of future directions of
inflation extracted from the term structure of interest rates, because linear models can simply be
viewed as constrained non-linear models. This paper therefore provides some preliminary
evidence on whether non-linearities are likely to be of value in extracting inflation information
from interest rates.

Second, it has been noted by Laurent (1988, 1989), Bernanke and Blinder (1992), Johnson and
Keleher (1996), Blinder (1998), and others that the difference between long-term and short-term
interest rates can indicate a monetary policy stance: monetary policy can readily influence short-
term rates, whereas long-term rates are generally market-driven and do not react hastily to
everyday policy actions. Furthermore, the long-term rate can act as a proxy for the equilibrium
short-term rate, a Wicksellian natural rate of sorts, so that the difference between a long-term and
short-term rate can be viewed as a measure of the relative tightness of policy. Some of the yield
spreads examined in this paper can be thought to capture the effects of monetary policy, so our
results can be compared with other empirical studies on the asymmetric effects of monetary
policy, such as by Morgan (1993), Rhee and Rich (1995), Karras (1996) and Karras and Stokes
(1999). These authors find that expansionary monetary policy, measured using either money or
interest rates as the policy variable, generally has a weaker impact on output growth than a
contractionary policy.

The idea of asymmetries in monetary policy was most clearly explained by Friedman (1968), who
stated that monetary policy was akin to pushing on a string when expansionary, and pulling on it



when restrictive. Firms and consumers have an incentive to reduce their investments and
consumption when interest rates rise, since projects may no longer be profitable nor goods
affordable. When interest rates fall, however, there is no guarantee that firms will immediately
increase their investments, because projects that were initially profitable remain profitable, and
substantial time may be required to develop and implement new projects that can take advantage
of the lower interest rate. If there is a link between real economic activity and the rate of inflation
through a Phillips curve, and if asymmetries exist in the effects of monetary policy on the
economy, then by Friedman’s argument we would expect inflation to be less responsive to
expansionary policy than to contractionary policy.

A threshold model lends itself nicely to the detection of asymmetries, such as those proposed in
the foregoing description of the effects of monetary policy. The magnitude of the asymmetry can
be readily interpreted within the parametric threshold model, because the parameters vary
discretely according to the level of the yield spread. More elaborate non-linear models, such as the
non-parametric kernel regressions or neural networks used in Tkacz (2000), can capture more
subtle non-linearities, but lack the intuitive parametric interpretation of the threshold model.

Our work differs from previous studies in three ways. First, instead of money, we use interest rate
yield spreads to measure the effects of policy, because Blinder (1998), among others, emphasizes
that policy is conducted through the control of short-term interest rates, not the money stock.
Second, we do not restrict our threshold at a zero value of the yield spread, which would be
considered the neutral policy setting. Earlier studies usually tested for asymmetry in tight or loose
regimes, ignoring potential sources of asymmetry at different values of the policy variable. We
consider a more general test that searches over a wide range of possible threshold values,
maximizing the likelihood of uncovering any asymmetries, should they exist. Our definition of
asymmetry is therefore one in which the relationship between the yield spread and dependent
variable is allowed to vary over any value of the spread. Third, we test for threshold effects
between interest rate yield spreads and inflation changes, not the rate of output growth. In a
related study, Galbraith and Tkacz (2000) detect asymmetries between the yield spread and output
growth in the United States and Canada; the current paper extends those results to inflation, a
variable that is closely monitored by policy-makers. Thus, should a significant threshold be
located, monetary policy would be said to have an asymmetric effect on inflation changes,
differing when the yield spread is above and below its threshold value.

Using the yields on securities with maturities ranging from three months to 10 years, we are able
to construct 15 different long-minus-short yield spreads for the United States, and 10 for Canada.
The indicator properties of each of these spreads for changes in future CPI inflation is considered,



and, consistent with Mishkin (1990a,b), we find that spreads that jointly incorporate information
from both the short and long ends of the interest rate yield curve contain the most explanatory
power for future inflation. In the United States, for yield spreads that can be influenced to some
degree by monetary policy, we find that significant thresholds emerge when the yield curve is
relatively flat or inverted; namely, during periods of monetary tightening. Below these thresholds,
the effect of the yield spread on inflation changes is more pronounced than when it is above. This
indicates that substantial monetary tightening is likely required to induce the type of asymmetry
described by Friedman (1968).

The pattern of asymmetry detected in Canadian data differs from that detected in U.S. data. We
find that, in Canada, the yield spread has a greater impact on inflation when it is above the
estimated threshold, indicating that expansionary monetary policies have a relatively greater
impact on inflation than contractionary monetary policies.

In section 2, we describe the framework used to analyze the relationship between inflation
changes and interest rate yield spreads. The data used in this study, and the estimation results of
some simple linear models, are also described. Section 3 implements the tests for threshold effects
and describes the findings. Section 4 concludes.

2. Linear Models

2.1 Theory

In general, authors have found that interest rate yield spreads are significant predictors of inflation
changes, both for the United States and other countries (Mishkin 1990b, 1991). However, results
seem to be dependent upon the area of the yield curve under consideration: interest rate spreads
on securities at the short end of the yield curve appear to contain less information than those
differentials that utilize long-term rates (Mishkin 1990a). In this section, we briefly describe
Mishkin’s model, which will be used as the basis of our threshold tests.

We begin by defining the annualizedperiod inflation rate]'ttrn , as

' = log(P,, ./ P,) * 100x k/m, wherek is set to 12, which denotes the number of
observations available each year, anthkes the value 3 (three months), 6 (six months), 12 (one
year), 24 (two years), 60 (five years), or 120 (10 years). As a result, the inflation rate is expressed
in percentage terms. We then note thaintkgeriod real interest rate:n , must satisfy the
condition (1 + r{n) =(1+ R{“)/(l + T[tm) , Wherd?tm is therperiod nominal interest rate.

Solving for the nominal interest rate, we get
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Since the last term in this expression is negligible for small vaIue[rg of Tctnénd , itis usually
dropped for simplicity. Solving for the inflation rate, we therefore get

' =R"- 1" )

Equation (2) states that the ex pasperiod inflation rate is equal to theperiod nominal
interest rate less the ex posperiod real interest rate. Taking an expectations operator through
(2), we can derive an expression for the ex ante inflation rate:

Eny =R"-E{" 3)

This relationship is the familiar Fisher equation; thus, the exraipieriod inflation rate is equal

to them-period nominal interest rate, less the ex am@eriod real interest rate. We know also

that the ex post inflation rate is equal to the ex ante inflation rate and an inflation-forecast error
term:

;= Em +ef (4)
Substituting (3) into (4), we get
Ml =R'-E" el (5)

which states that the ex pastperiod inflation rate is equal to theperiod nominal interest rate
less the ex anterperiod real interest rate and an inflation-forecast error. A similar equation can
be derived for th@-period ex post inflation rate, whanem:

m =R'-Er" +e (6)

Subtracting (6) from (5), we get

- =(R"-R)-(E ("= Ef)+(E]-¢) @)

Let us now decompose the ex ante real rate into the mean of the ex ante real rate over the sample
period and deviation from that mean:



trtm_r_m):r_m"'utm (8)

E " =F"+(Er" ") =r"+u 9)
Inserting (8) and (9) into (7), we get

T = (RT - R) - (17T + (67 —e0) ~ (' - ) (10)

By assuming that the difference between the means of the ex ante real interest rates does not
change, and by combining all the error terms, we get the following inflation change equation:

T[{n_n?:am,n+an(thn_R])+n;n’n (11)

wherea, ,, equals zero arfsf, ,  equals one, under the assumptions that the means of the ex ante
real interest rates at horizomsandn are equal and that expectations are rational. If these
assumptions do not hold, then the postulated values may, of course, differ. Equation (11) therefore
represents the model under the null hypothesis in the threshold tests that follow. As the long-short
yield spread widens by 100 basis points, we expect the difference betweeratidn-period

inflation rates to increase If§y, ,  percentage points. In other words, if a widening of the yield
spread is to some extent representative of an expansionary monetary policy, then we expect
inflation to accelerate in the long run.

2.2 Data

We obtained our interest rate data for the United States from Duffee (2002). It spans the period
January 1952 to December 1998 and consists of constant-maturity zero-coupon yields at
maturities of three, six, and 12 months, and two, five, and 10 years. This data set comprises the
McCulloch and Kwon (1993) term structure data up to 1991, extended to 1998 using the
techniques described by Bliss (1997). The use of zero-coupon yields makes our parameter
estimates comparable to the studies by Mishkin. The dependent variable consists of changes in
CPI inflation®

For Canada, we use the par-value bond rates first utilized by Day and Lange (1997), in addition to
a 3-month treasury bill rate. Owing to the existence of a thin treasury bill market early in the

1. Theinterestrate data was downloaded from Gregory Duffee’s homepage (http://
faculty.haas.berkeley.edu/duffee/), and the CPI series was obtained from the FRED database at the
Federal Reserve Bank of St. Louis (http://research.stlouisfed.org/fred/).



sample, we do not use 6-month treasury bill rates for Canada because of several missing
observations in the series. Owing to data availability, the Canadian sample begins in January 1972
and ends in June 2002. As with the United States, we use changes in total CPI inflation as our
dependent variable.

Because the threshold test we perform requires stationary regressors, we need to first test for the
presence of unit roots in the data. Performing both augmented Dickey-Fuller and Phillips-Perron
tests, we find that all the interest rate spreads are stationary at the usual significance levels. For the
inflation changes, we find that unit roots may be present between inflation changes at the longest
horizons, namely between 10-year and 3- and 5-year inflatior?r‘dmm computing the

modified Rescaled Range statistic of Lo (1991), however, we find that these series are most likely
stationary in the very long run, which is the likely cause of the non-rejection of the unit root tests,
since these tests have low power under fractionally integrated alternatives, as Diebold and
Rudebusch (1991) demonstrate.

2.3 Estimation

The estimated parameters of (11) for different values ahdn are given in Table 1 for the

United States and in Table 2 for Canada. Since the observations are monthly, there is a moving
average (MA) term of ordentl) built into our data. In estimating (11) using least squares, we
would expect our residuals to follow an MA{l) process as a result. For example, the 1-year
inflation rate is constructed by comparing changes in the price level between pandtsl?2,

t+1 andt+13, and so on. For this reason, we choose to use the well-documented Newey and West
(1987) covariance matrix to obtain consistent estimates of the standard errors.

Almost all parameters are statistically significant, and we also notice that the best fit occurs when
using information in the middle of the yield curve. In particular, the difference between 5-year
and 1-year bond rates appears to contain the most information about inflation changes in the
United States. This finding is consistent with Mishkin (1990b), whose sample covers the period
1953 to 1987. Furthermore, the slope parameters are largely positive, with the exception of yield
spreads that are constructed using information exclusively at the short or long ends of the yield
curves. At the short end, we find that the yield spread contains very little information about

2. Elliott and Stock (1994) have noted that pretesting for unit roots in models with persistent regressors
may not be valid, and thus caution should be exercised when conducting inference in our models. We
thank a referee for pointing this out.

3.  Unitroot and long-memory tests are available from the author upon request.



inflation changes, as shown by the smalsRatistics. This result is similar to that of Mishkin
(1990a), who finds no useful information at the short end of the yield curve.

3. Threshold Models

3.1 Motivation

In this section, we estimate a model that allows for asymmetry in the form of a threshold effect of
the yield spread on inflation changes. Our motivation stems from the possible asymmetric effects
of monetary policy on the economy, since some yield spreads may be capturing the monetary
policy stance. In general, monetary policy is conducted through money market intervention that
impacts short-term interest rates, such as the federal funds rate. When such a rate changes, other
rates respond in succession, with shorter rates being more responsive. The correlation between
longer rates with shorter rates diminishes along the maturity spectrum as the term increases; for
example, see Gong and Remolona (1997). At the longest horizons, monetary policy can influence
rates only through its influence on inflation expectations; Mehra (1996) provides some recent
evidence to this effect.

Bernanke and Blinder (1992) note that the spread between long-term bonds and the federal funds
rate captures a great deal of information regarding the monetary policy stance. Consistent with
Blinder (1998), the long-term rate may in fact be a proxy for the equilibrium, or policy-neutral,
short-term rate. When the short-term rate is below neutral, the inflation rate should rise; whenitis
above, inflation should fall. A constant inflation rate would prevail only when the short-term rate
is equal to the neutral rate. If the long-term rate is indeed a proxy for the neutral rate, then it
should follow that yield spreads between any long-term and short-term securities would capture
information regarding the monetary policy stance.

If we assume that “long” applies to any security with a maturity of two, five, or 10 years, and
“short” to securities of three, six, and 12 months, then we can view any such long-short yield
spread as a rough measure of monetary policy. More importantly, the levels of such spreads can be
influenced to a certain extent by policy actions, because short-term rates react more quickly to
policy actions than long-term rates. Thus, the policy-relevant)(horizons for the United States
correspond to the first nine rows of Table 1: (24,3), (60,3), (120,3), (24,6), (60,6), (120,6), (24,12),
(60,12), and (120,12). For Canada, owing to the lack of a 6-month series, the policy-relevant
horizons are the first six rows of Table 2.



For some yield spreads, it is difficult to attach any policy interpretation, as for those spreads
between securities with maturities of one year or less and between securities with maturities of
greater than two years. In the former case, the central bank would have considerable influence on
both rates; therefore, any policy action would be reflected by movements in both short-term rates,
with changes in the spread being small. By contrast, the central bank would have little influence
on either rate for spreads constructed using information at the longer end of the yield curve. In
both instances, the interest rates embody similar expectations; the information content for future
inflation that one can expect to extract from these spreads would therefore be lower than for the
spreads on interest rates of more varied maturities. Nevertheless, we conduct tests for
asymmetries at these horizons as well, to determine whether the information extracted from yield
spreads can be improved. The non-policy horizons for the United States at the short end of the
yield curve are (6,3), (12,3), and (12,6), while the non-policy horizons at the long end are (60,24),
(120,24), and (120,60). For Canada, the non-policy horizons are (12,3), (60,24), (120,24), and
(120,60).

3.2 Testing methodology

To test for the asymmetric effects of the yield spread on inflation changes, we require a model that
allows for regime changes that can be triggered by the level of the yield spread. If the spread is a
gauge of policy, with the long rate representing the policy-neutral rate, then inversions of the yield
curve would be roughly considered tight policy regimes, and upward-sloping yield curves
expansionary regimes.

To improve the precision of our threshold test, we propose to search over possible threshold
values to maximize the probability of uncovering any asymmetries in the relationship, should they
indeed exist. Thus, we define “asymmetry” as any non-constant effect of the yield spread on
inflation changes. This definition is less restrictive than those used in most previous work
concerning asymmetries in monetary policy.

Andrews (1993), however, notes that searching over a grid invalidates standard statistical
inference, and therefore we cannot test the significance of the thresholds with thiestatistics.
Fortunately, Hansen (1996) proposes a method to circumvent this issue by allowing us to conduct
inference using an estimate of the asymptotic distribution (obtained through bootstrapping) of the
test statistic, from whicp-values are obtained. In our work, we use 2000 bootstrap replications to
simulate the asymptotic distribution.

The threshold model, which can be viewed as the alternative hypothesis to the linear relationship
(11), can be specified as



n

" =10 = o o+ B (RP=RD +n, , for (RT-RY) <1, and (12)

=14 = A ot By ol RE— R + 0y o for (RV-RY) >, (13)

wheret represents the level of the yield spread that triggers a regime change. For each potential
threshold valuet, we compute an LM statistic to test the null hypothesis of linearity. To reduce
the impact of outliers, which may bias the test results, we follow the suggestion of Andrews
(1993) for search procedures of this type, by trimming the grid by 15 per cent at either end,
thereby eliminating the highest and lowest yield-spread vAlues.

To estimate the parameters in the threshold model (12) to (13), we follow Hansen (2000), who
estimates the asymptotic distribution of the threshold parameter’s least-squares estimator (LSE).
Again, because the threshold parametgs treated as unknown, the asymptotic distribution of its

LSE is non-standard. To understand how the parameters are estimated, as with Hansen (2000) we
introduce an indicator function, and can rewrite (12) to (13) as a single equation:

2 2
T[tm_T[tn = am,n+[3m, n(Rtm_RF) +6m, nd+ym, nd(R{n_R?) +I’]m,n, (14)
where
Elfor (Rm—R[')<T
d =1 t I
E 0 for (R =RY) > 1
a;, n+6m, n= arln, n and

2 _ nl
Bm, n+ym, n -~ Bm, n-

By assuming that is bounded by the largest and smallest values of the yield spread, we can
estimate the parameters in (14) by least squares conditional on a given value for . By iterating
through the possible values of in the range of available yield spread values, we sefect the that
minimizes the sum of squared residuals in (14), and therefore are not constrained by the trimming
used to conduct inference on the existence of a threshold.

4.  Because the amount of trimming used for the test is somewhat arbitrary, we also experimented with 5,
10, and 20 per cent trimming. The conclusions regarding the existence of threshold effects were not
altered.
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3.3 U.S. estimates

The results of estimating the threshold model (14) usingT , Where s the threshold that
minimizes the sum of squared errors for eamfm) combination, are shown in Table 3 for the
policy-relevant horizons, as are ghaalues for the significance of the thresholds. Three of the
results will be described below.

First, for eachifh,n) combination in the table, we obtamrvalues of 0.00 for each test and thus can
reject the hypothesis of no threshold effect at any usual significance level. This is evidence of
significant non-linearities between the yield spread and inflation changes.

Second, we find that, for six of the nine horizons in Table 3, the estimated thresholds are negative,
which indicates that the yield spread has a stronger impact on inflation when the yield curve is
inverted. Because such episodes are often associated with a tightening of monetary policy, the
finding of a significant threshold effect may be related to an asymmetry in the effect of monetary
policy on inflation.

Third, although there are relatively fewer observations below the estimated thresholds than above,
it appears that these observations account for almost all of the yield spread’s explanatory power
for inflation. For example, consider the best indicator of monetary policy stance—namely, the
difference between the longest and shortest interest i&té8-(R®)—which is a good estimate of

the yield curve’s slope. Below the threshold of -0.46, we find that a 100-basis-point drop in the
yield spread will cause the difference in the 10-year and 3-month inflation rates to fall by 1.76 per
cent. Alternatively, above this threshold the same change in the yield spread will have virtually no
impact on the change in inflation. Thus, a standard upward-sloping yield curve can be seen to
have no useful information for inflation, a finding that is in stark contrast to the linear-model
results in Table 1, Mishkin (1990b), and Frankel and Lown (1994).

The negative values of several thresholds may indicate that the form of asymmetry described by
Friedman (1968) is perhaps most evident when policy tightens substantially, since only 10 per
cent of the total number of observations are located below the thresholds, and thus represent more
extreme and unusual episodes. A mild inversion of the yield curve would not be sufficient to
induce notably large drops in consumption, investment, and hence inflation. On the other hand, a
substantially tighter policy, resulting in notably higher short-term rates relative to long-term rates,
would cause more dramatic reductions in aggregate demand and inflation.

In practice, however, if central bankers decided to set policy by targeting the yield spread in a
manner consistent with our estimated threshold relationship, the Lucas critique could apply.
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Specifically, if in the future they followed a rule whereby tight policy had a stronger impact on
inflation, then the estimated parameters in (14) would likely not be stable. As a result, equation
(14) would be of greater use to forecasters who specialize in extracting information from financial
variables, rather than serve as a rigid rule for policy-makers to follow.

Table 4 lists the results for other regions of the yield curve, described as non-policy horizons
because they consider differences at either the short or longer ends of the yield curve. For the non-
policy horizons at the short end of the yield curve, we find that little information can be extracted
from interest rates. We detect only a threshold for the difference between 12-month and 3-month
interest rates, but even here the information that is extracted is marginal. Thus our findings
corroborate those by Mishkin (1990a), in that little information can be extracted from the short
end of the yield curve.

At the longer end of the yield curve, however, there is again some useful additional information to
be gained from threshold models. For the 5-year less the 2-year honze0, (=24), the

threshold is estimated at 0.376. Below this value, the slope parameter equals 2.280, but above the
threshold the slope is —0.361. In other words, the predicted impact of such a yield spread on
inflation changes results not only in different magnitudes, but also in different directions about the
movements of the 5-year inflation rate relative to the 2-year inflation rate. Such information can
be invaluable to forward-looking policy-makers, and cannot be extracted from linear models,
which we found in Table 1 had estimated a slope of 1.224, representing a weighted average of the
two threshold model slopes. Because these particular yield spreads cannot be directly controlled
through policy, and hence cannot be affected by changes in the direction of policy, the Lucas
critigue would not apply.

As we have stated, the finding of threshold effects between several yield spreads—some of which
may be construed as capturing monetary policy effects—and inflation changes may be linked to
the literature on asymmetries in monetary policy. Previous authors have detected asymmetries
between monetary policy variables and output growth. Because asymmetries appear to exist
between interest rates and economic activity, and because inflation can respond to excess
aggregate demand through a Phillips curve relationship, it follows that asymmetries between
interest rates and inflation would be consistent under an asymmetric interest rate channel of the
monetary policy transmission mechanism.

3.4 Canadian estimates

Table 5 lists the parameter estimates for all the Canadian threshold models. Relative to the U.S.
results, there are three noteworthy features.
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First, the evidence in favour of threshold effects is less evident overall in the Canadian data. Of the
ten tests performed, a significant threshold is detected in only seven cases. In those sevpn cases,
values are not necessarily equal to 0.00, as they were in many instances for the United States.

Second, the estimated thresholds are somewhat higher in the Canadian data, with the result that
the proportion of data in the extreme regime is in the range of 20 to 30 per cent, compared with 10 per
cent in many of the U.S. models.

Third, the estimated parameters are often more significant above the threshold than below, with
the result that the estimated regressions fit the data better in Regime 2 than in Regime 1. For
example, consider again the case of the best indicator of monetary policy stance: the difference
between the longest and shortest interest ri&8 { R%). The threshold is estimated at a

relatively high value of 1.99, which is usually associated with periods of notable monetary stimulus.
Below this value, a 100-basis-point increase in the yield spread would result in a 0.71 per cent
increase in the long-run inflation rate relative to the short-run inflation rate. Above this threshold,
however, the same degree of marginal monetary stimulus would cause long-run inflation to rise by
more than 4 per cent relative to short-run inflation.

These differences relative to the U.S. results can be partly accounted for by the fact that the
Canadian sample begins in 1972 and captures many high-inflation years relative to the overall
sample size. Alternatively, the data may reveal more fundamental differences between the
transmission mechanisms of Canadian and U.S. monetary policies. In particular, Canada being a
small open economy heavily reliant on trade, Canadian interest rates incorporate risk premia to
account for exchange rate fluctuations. As a result, the omission of exchange rates in (11) may
partially explain the observed differences in asymmetry.

4. Conclusion

This paper has presented a standard model, relying on the foundations of the Fisher equation, to
link changes in inflation to interest rate yield spreads. Positing that yield spreads may have
asymmetric effects on inflation changes, we estimated threshold models for various forecasting
horizons. This exercise has proved useful for exploiting the information content of interest rate
yield spreads, and also for testing for possible asymmetric effects of monetary policy on future
inflation.

For the United States, we found that, for policy-relevant horizons, the relationship between long-
short yield spreads and inflation changes is more pronounced when the spread is below some
threshold, usually below 0.00. The consequence of asymmetry at such horizons is that the
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marginal benefits of a tightening of monetary policy, in terms of a reduction in inflation, would be
larger when monetary policy is already tight. This finding is consistent with earlier studies that
have found the effects of monetary policy on output to be asymmetric. If policy-makers targeted
the yield spread in a manner consistent with these findings, however, the Lucas critique would
apply. For this reason, these results should be of most value to forecasters who specialize in
extracting information from financial variables.

For non-policy horizons, such as those relating to either the short or long end of the yield curve,
we have found that there is little information content at the short end, and that both the
magnitudes and directions of long-term inflation forecasts are affected by thresholds. As a result,
at long horizons inflation forecasters should be vigilant when extracting information from long-
term yield spreads, as both the magnitude and direction of long-term inflation rates are dependent
upon the level of yield spreads.

For Canada, the evidence of asymmetry is weaker, and for the asymmetries that we did uncover
we found that the pattern is markedly different than for the U.S. asymmetries. Such results may be
partly explained by different sample sizes, but may possibly reveal fundamental differences
between U.S. and Canadian monetary policies. In particular, the absence of exchange rates in our
model may result in biases in our estimated parameters. The incorporation of exchange rates in
such an analysis requires further investigation.

Because we have detected some evidence of non-linearities between yield spreads and inflation
changes through a simple two-regime threshold model, in future work it would be useful to
compare linear and non-linear models in an out-of-sample forecasting exercise. The set of non-
linear models can include the threshold model described here, in addition to general non-linear
models, such as non-parametric models and neural networks.
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Table 1: Linear Models, United States

T =T =0, + B o(RT = R +0

m,n Obser- Constant Slope R2
(months) vations
24,3 540 -0.630 0.939 0.104
(0.125) (0.129)
60,3 504 -1.055 1.179 0.229
(0.163) (0.115)
120,3 444 -0.806 1.058 0.177
(0.218) (0.134)
24,6 540 -0.428 0.983 0.139
(0.078) (0.114)
60,6 504 -0.774 1.170 0.260
(0.122) (0.107)
120,6 444 -0.533 1.032 0.181
(0.177) (0.127)
24,12 540 -0.266 1.153 0.187
(0.043) (0.107)
60,12 504 -0.601 1.267 0.274
(0.097) (0.113)
120,12 444 -0.373 1.078 0.167
(0.155) (0.132)
6,3 558 -0.011 0.057 0.000
(0.077) (0.261)
12,3 552 -0.194 0.443 0.017
(0.101) (0.167)
12,6 552 -0.079 0.384 0.012
(0.054) (0.182)
60,24 504 -0.322 1.224 0.157
(0.084) (0.147)
120,24 444 -0.054 0.677 0.042
(0.144) (0.174)
120,60 444 0.285 -1.293 0.082
(0.058) (0.202)

Note: Consistent standard errors are in parentheses.



Table 2: Linear Models, Canada

T =T =0, + B o(RT = R +0

m,n Obser- Constant Slope R2
(months) vations
24,3 342 -0.244 0.507 0.066
(0.115) (0.108)
60,3 306 -1.037 0.754 0.175
(0.151) (0.082)
120,3 246 -2.079 0.836 0.254
(0.153) (0.083)
24,12 342 -0.200 0.812 0.083
(0.060) (0.167)
60,12 306 -1.145 1.322 0.317
(0.100) (0.090)
120,12 246 -2.228 1.256 0.408
(0.104) (0.086)
12,3 354 -0.079 0.206 0.010
(0.091) (0.103)
60,24 306 -0.916 1.459 0.284
(0.076) (0.115)
120,24 246 -2.027 1.208 0.349
(0.102) (0.100)
120,60 246 -0.975 0.530 0.045
(0.072) (0.136)

Note: Consistent standard errors are in parentheses.
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Table 3: Threshold Models for Policy-Relevant Horizons, United States

m,n sup-LM t Regime  Obser- Constant Slope R2 Residual
(months) [p-value] vations variance
24,3 31.62 -0.001 1 54 -1.405 1.534 0.149 3.672
[0.00] (0.350) (0.452)

2 486 0.039 0.271 0.007 3.093
(0.147) (0.148)

60,3 52.64 -0.538 1 39 -3.278 1.369 0.167 4.100
[0.00] (0.552) (0.490)

2 465 -0.026 0.476 0.036 4.262
(0.166) (0.111)

120,3 62.15 -0.456 1 45 -2.672 1.758 0.169 8.877
[0.00] (0.778) (0.500)

2 399 0.805 0.078 0.001 5.533
(0.225) (0.132)

24,6 42.63 0.654 1 356 -0.419 1.917 0.281 1.713
[0.00] (0.073) (0.174)

2 184 0.419 -0.155 0.001 1.539
(0.435) (0.425)

60,6 61.69 -0.601 1 44 -2.919 1.037 0.110 3.149
[0.00] (0.730) (0.588)

2 460 0.084 0.461 0.039 3.013
(0.126) (0.105)

120,6 71.67 -0.624 1 45 -2.906 1.066 0.052 9.890
[0.00] (1.092) (0.617)

2 399 0.704 0.125 0.003 4.358
(0.181) (0.126)

24,12 70.35 0.290 1 313 -0.250 2.114 0.346 0.564
[0.00] (0.042) (0.165)

2 227 0.955 -1.156 0.057 0.639
(0.174) (0.292)

60,12 67.62 0.646 1 280 -0.580 2.401 0.438 2.139
[0.00] (0.087) (0.196)

2 224 1.508 -0.463 0.020 2.276
(0.232) (0.161)

120,12 71.12 -0.639 1 45 -2.363 1.035 0.034 9.120
[0.00] (0.995) (0.553)

2 399 0.530 0.245 0.008 3.909
(0.171) (0.145)

Notes:sup-LMis the heteroscedasticity-corrected test statistic of Hansen (1996) to test for the hypothesis of no
threshold against the alternative of a threshold. pdvalues for this test were computed using 2000 bootstrap

replications.t is the estimated yield-spread value that maximizes the likelihood of detecting a threshold effect.

Regime 1 is defined as periods for whig]"-R') <t , and Regime 2 represents periods for®flicR;)) > ¢

Consistent standard errors are in parentheses.
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Table 4: Threshold Models for Non-Policy Horizons, United States

m,n sup-LM t Regime  Obser- Constant Slope R2 Residual
(months)  [p-value] vations variance
6,3 4.14 No significant threshold
[0.64]
12,3 12.14 -0.226 1 17 -1.555 0.382 0.005 4.452
[0.02] (0.936) (1.088)
2 535 0.005 0.113 0.001 1.937
(0.100) (0.171)
12,6 7.57 No significant threshold
[0.18]
60,24 35.64 0.376 1 284 -0.348 2.280 0.197 1.960
[0.00] (0.083) (0.311)
2 220 0.867 -0.361 0.010 1.221
(0.177) (0.197)
120,24 31.59 -0.570 1 33 -2.685 -0.483 0.004 10.24
[0.00] (1.222) (1.027)
2 411 0.382 0.086 0.001 3.682
(0.154) (0.185)
120,60 22.59 0.351 1 347 0.321 -0.262 0.003 1.180
[0.00] (0.057) (0.222)
2 97 0.585 -2.543 0.047 1.695

(0.629)  (1.165)

Notes:sup-LMis the heteroscedasticity-corrected statistic of Hansen (1996) used to test for the hypothesis of
no threshold against the alternative of a threshold. Flaalues for this test were computed using 2000 boot-

strap replicationst is the estimated yield-spread value that maximizes the likelihood of detecting a threshold

effect. Regime 1 is defined as periods for whig"-R)<® , and Regime 2 represents periods for which

(R'-R)>%. Consistent standard errors are in parentheses.
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Table 5: Threshold Models, Canada

m,n sup-LM t Regime  Obser- Constant Slope R2 Residual
(months)  [p-value] vations variance
24,3 13.04 2.360 1 338 -0.266 0.430 0.048 4.224

[0.037] (0.115) (0.105)
2 4 59.98 -22.31 0.610 4.550
(20.32) (8.29)
60,3 8.12 No significant threshold
[0.246]
120,3 24.23 1.990 1 205 -2.113 0.712 0.164 5.668
[0.001] (0.165) (0.096)
2 41 -10.78 4.160 0.546 4.017
(2.005) (0.752)
24,12 14.02 0.510 1 290 -0.197 0.975 0.082 0.968
[0.022] (0.059) (0.236)
2 52 2.497 -3.263 0.161 0.826
(0.779)
60,12 29.88 -0.164 1 58 -2.291 0.739 0.052 2.006
[0.000] (0.445) (0.421)
2 248 -0.514 0.647 0.052 2.399
(0.151) (0.124)
120,12 12.66 -0.626 1 41 -4.750 -0.666 0.048 1.653
[0.043] (0.585) (0.407)
2 205 -2.246 1.306 0.257 2.337
(0.152) (0.133)
12,3 6.858 No significant threshold
[0.338]
60,24 49.69 -0.190 1 52 -2.535 -0.477 0.019 0.757
[0.000] (0.296) (0.468)
2 254 -0.408 0.653 0.041 1.254
(0.122) (0.188)
120,24 22.51 0.051 1 69 -3.002 -0.119 0.001 2.004
[0.001] (0.299) (0.426)
2 177 -1.695 0.933 0.130 1.178
(0.160) (0.139)
120,60 9.879 No significant threshold
[0.119]

Notes:sup-LMis the heteroscedasticity-corrected statistic of Hansen (1996) used to test for the hypothesis of
no threshold against the alternative of a threshold. Flaalues for this test were computed using 2000 boot-

strap replicationst is the estimated yield-spread value that maximizes the likelihood of detecting a threshold

effect. Regime 1 is defined as periods for whig"-R)<t , and Regime 2 represents periods for which

(R"'-R)>%. Consistent standard errors are in parentheses.
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