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Abstract

This paper provides an evaluation of the effectiveness of inflation targeting in four
industrial countries -- New Zealand, Canada, the United Kingdom, and Sweden -- focussing
on the recent period of economic recovery. Evidence drawn from financial market data
suggests that credibility of their inflation targeting regimes on balance has deteriorated during
the past year and a half, as reflected mainly in sizeable increases in medium- and long-term
interest rates. Even after accounting for spillovers from increases in real rates globally
(which appear to have been important) and cyclical effects, recent increases in long-term
interest rates appear to be incompatible with the possibility that market expectations for
inflation have remained on track with official objectives. The deterioration of credibility
during this period, however, is considerably less than is implied by changes in nominal
interest rates alone and varies considerably across targeting countries. Other evidence
suggests that, although inflation targets have not had any detectable effect in altering the
time-series characteristics of nominal interest rates (and, by implication, of inflation-
expectations formation), there is mixed evidence that inflation targets may have helped
stabilize inflation expectations and possibly lowered the inflation-risk premium in some

countries.



Targeting Inflation in the 1990s: Recent Challenges

Richard T. Freeman and Jonathan L. Willis'

1. Introduction

Although a number of factors can influence inflation in the short run, it is generally
accepted that, in the medium to longer run, monetary policy has a predominant influence and
should bear the primary burden of inflation control.> Various nominal monetary "anchors"
have been proposed that aim at improving the effectiveness of monetary policy in meeting
this goal -- including money growth targets, fixed exchange rates, and exchange rate bands.
Lately, in view of various shortcomingé of the these approaches, a number of countries have
adopted high-profile, medium- and long-term explicit inflation targets to anchor monetary
policy. The implementation of inflation targeting often has been accompanied by other
supporting institutional arrangements -- including specific frameworks for fiscal consolidation,

measures granting greater central bank independence, formal identification of low inflation or

' When this paper was written, both authors were staff members of the World Payments

and Economic Activity Section of the International Finance Division at the Federal Reserve
Board. Jonathan Willis now is at Boston University. We would like to thank John Ammer,
Carol Bertaut, Alisa Brown, David Bowman, Joe Gagnon, Deb Lindner, and other members
of the International Finance Division for helpful comments and other assistance. Opinions
expressed herein should not be construed to represent those of the Board of Governors or any
other Federal Reserve System employees. Any errors are ours alone.

2 Other prominent factors that may influence inflation include fiscal policy, labor market
developments, productivity and technological change, and exchange rate movements. Lately,
increased attention in policy circles in industrial countries has been given to structural reform
-- especially in labor markets and in government budget policy -- as a necessary condition for
sustained non-inflationary growth.
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"price control" as the central bank's exclusive goal, and measures that provide increased
visibility and accountability for monetary policy.’

Ultimately, whether or not inflation targeting is effective will depend on its impact on
inflation expectations. Under usual conditions, expected inflation is thought to be a slowly
moving variable that is influenced by both forward-looking and backward-looking factors -- in
the latter case primarily by actual past inflation performance.* Accordingly, successful
control of inflation over an extended period eventually should lower inflation expectations and
long-term nominal interest rates. A sustained low-inflation environment should lead, in turn,
to improved resource allocation and increased economic efficiency. Moreover, to the extent
that a higher level of inflation is associated with greater variability of inflation -- and with a
higher (and possibly more variable) inflation-risk premium -- an environment of low, stable
inflation might reduce long-term real interest rates as well, leading to increased capital
formation and growth.’

Inflation targets potentially can influence both the forward-looking and backward-
looking components that feed into inflation expectations. To the extent that inflation targets

exert diScipline on authorities and provide insulation from outside pressures (especially

* Various issues related to the implementation of inflation-targeting programs are discussed
in Ammer and Freeman (1995).

* The specific factors that contribute to inflation expectations have been difficult to identify
conclusively, but there is evidence that in some instances the latest inflation performance may
be less relevant to expectations formation than the longer-term inflation record.

5 For a discussion of some of these points, see Ball (1992), Barro (1995), and Briault
(1995).
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political pressures), inflation control is likely to improve and eventually be reflected in lower
nominal interest rates (and perhaps lower real rates, too) as economic agents take the beﬁer
inflation performance into account and project its continuation.® In addition, it is possible
that a highly credible targeting regime may influence directly the forward-looking component
of inflation expectations -- or at least cause the process of inflation-expectations formation to
become less backward-looking. Hypothetically in an ideal case, following announcement of a
fully credible regime for inflation control, private-sector inflation expectations would
converge quickly to the target with only temporary, minimal monetary restraint -- thereby
finessing some potentially significant transition costs from lost output and unemployment.
Once firmly established, such a regime also might give a central bank more flexibility to
respond to macroeconomic shocks with less associated impact on long-term interest rates.

Some opponents of inflation targeting have questioned whether or not targeting
regimes can actually achieve credibility in view of the inability of a central bank to commit
itself irrevocably to targets. The resulting "time inconsistency” problem, it is argued, results
in an inflationary bias in monetary policy’; in theory at least, this might be offset to some

degree by pre-commitment rules, appointment of conservative central bankers, performance-

® In the U.S. case, it has been argued that inflation targeting might counteract what some

regard as a tendency for U.S. inflation to ratchet up following a shock. The process
continues, it is alleged, until an intolerably high level of inflation is reached, at which point a
large and costly adjustment is required. For a discussion and analysis of this aspect of U.S.
inflation performance, see, for example, Clark, Laxton, and Rose (1995).

7 See Barro and Gordon ( 1983a,b) and Kydland and Prescott (1977).
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related costs or rewards for central bankers, or other "second best" arrangements.® Perhaps
more importantly, targeting regimes also risk a major loss of credibility in the event thaf
announced goals are not achieved. With this in mind, in countries where inflation targeting
regimes already have been implemented authorities have incorporated a certain amount of
conditional flexibility (but not too much, it is hoped) to allow for unforeseen shocks --
especially those for which a central bank should be deemed less accountable. But whether
such operational flexibility is adequate to deal with the full range of possible economic
shocks and still sufficiently offset agents' fundamental doubts regarding authorities' resolve
has not been established.

Several countries -- New Zealand, Canada, the United Kingdom, and Sweden -- have
employed inf;lation targets for several years, long enough to present an opportunity for an
evaluation. In Ammer and Freeman (1995), the authors explored various aspects of earlier
performances of these inflation targeting countries ("IT countries", for short) up to roughly the
trough of their latest business cycles.” At that time, the record showed that inflation in all
four IT countries had declined steeply from high levels, while long-term nominal interest rates
also had come down significantly. On average, the decrease in inflation in the IT countries
from peak to trough (roughly coinciding with corresponding periods of inflation targeting)

was about 4-1/2 percentage points, considerably larger than the decline in average inflation in

¥ See, for example, Rogoff (1985), Lohman (1992), Person and Tabellini (1993), Walsh
(1994b), and Svensson (1995).

° In that paper, only the experiences of New Zealand, Canada, and the United Kingdom
were reviewed.
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other OECD countries during the same period." Of course, rather than measuring the
effectiveness of inflation targeting per se, this outcome merely may have reflected the fact
that IT countries tended to start from higher initial rates of inflation and/or that IT authorities
may have had a comparatively stronger determination to bring inflation down. But the
greater deceleration of inflation also may be indirect evidence of a disciplinary effect of
targets on authorities in the IT countries."

An overriding problem in evaluating inflation targeting earlier was that the IT regimes
all were implemented in a deflationary global economic environment, making it difficult to
differentiate the separate contribution of targeting from the general easing of price pressures
at that time. Lately, however, as IT countries (and most of the industrial world) have begun
to recover and reduce economic slack, inflationary pressures have revived and inflation has
begun to move toward the upper limits of target ranges, presenting a clear challenge to the

resolve of central banks. In fact, in New Zealand, Sweden, and Canada consumer-price

' Slowdowns of growth and increases in unemployment also appeared to have been
commensurately greater in IT countries, with no evidence of a favorable outcome in terms of
average sacrifice ratio vis-a-vis that of other OECD countries.

"' The impact of the targets on market participants' inflation expectations was somewhat

clouded. Surveys indicated that inflation expectations fell as actual inflation declined, but
with a lag that was not noticeably different from response patterns during previous non-
targeting periods. In many instances, inflation expectations in surveys stayed above the
official target range, even after inflation was brought within the range. (An exception was
Canada, where inflation slowed to rates below the target range, and inflation expectations in
most surveys came down to very low levels.) Information from financial markets (as inferred
from both indexed securities and movements in long-term nominal interest rates) also
suggested that inflation expectations (and/or risk premiums) declined during the deflationary
period. However, the ideal of a quick, direct convergence of expectations to target norms
apparently was not realized.



- 5.a -

Chart 1
New Zealand
inflation and Target Ranges 4-quarter percent change g
- announcement
of targets

S

L {1
1989 1880 1881 isez o33 1994 o5 qee — °
_GDF‘ Q4/Q4 percent change ;
I 6
s {s
{a

{3

{2

1

0

i -1
1989 1990 1991 1992 1803 1994 1995 8% 2
I’nterest Rates percent
'y {14
I {12
! {10
A {8
I {6
4

H announcement of targets 12
R T T R T T BT a—T 1894 T T T



- 5.b -
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inflation either has exceeded the upper end of the respective target range already or is likely
to do so soon.

In this paper, we will examine evidence on how the credibility of inflation targeting
appears to have fared during the recent cyclical upswing in the four IT countries identified
above. Section 2 provides a brief review of their performances under inflation targeting and
recent developments. In Section 3 we present a simple test of target credibility that employs
financial market data to construct inflation-target-consistent (ITC) real yield curves. Because
inferences about credibility based on the ITC real yield curves in Section 3 depend
importantly on estimates of real long-term interest rates, in Section 4 we try to estimate the
impacts on real long-term interest rates of two key factors -- spillovers from international
markets and cyclical developments. Section 5 offers some additional evidence based on
comparisons of pre- and post-IT conditional variances of nominal interest rates that is aimed
at assessing whether or not inflation targets have reduced uncertainty regarding future

inflation and the variability of inflation expectations.

2. Inflation targeting in four countries: recent experiences

Charts 1 - 4 show CPI inflation, GDP, and nominal interest rates from 1989 through
this year for New Zealand, Canada, the United Kingdom, and Sweden. Each country's
inflation target ranges and inflation performance are displayed in the upper panels. The
substantial recessions that accompanied deflation in the IT countries in the early 1990s are
apparent in the middle panels, as are their strong recoveries since about 1992. The lower

panels indicate the considerable extent to which nominal interest rates declined during the
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targeting period. As noted earlier, assessing whether or not deflation and recession were
policy-induced is difficult, but if the degree of monetary tightening is indicated by the slope
of yield curves, it appears that it was only during the initial stages of targeting (or preceding
them) that monetary conditions actually were tight. Thereafter, short-term rates (3-month
rates) generally were below long-term rates. '

More recently economic activity has revived vigorously in the IT countries. Last year
GDP growth averaged nearly 5 percent accompanied by renewed inflationary pressures. The
patterns of interest rate movements during recovery suggest that some monetary tightening
has occurred, as both short- and long-term interest rates have moved up and lately yield
curves have flattened. Additional details of recent developments in individual countries and
how authorities have reacted to the latest challenge to their targets are presented briefly
below.
New Zealand

The inflation-targeting program in New Zealand was announced in early 1990
following many years of high inflation and low growth. In many respects New Zealand's
program is the most elaborate and stringent, and it has been widely cited as a model. Price
stability is mandated by law as the central objective of monetary policy, and the specific
targets are set in a formal Policy Targets Agreement between the Governor of the Reserve
Bank and the Minister of Finance. Once the targets are set, the Reserve Bank has a high

degree of operational independence, inasmuch as the government is legally barred from

"2 Except for New Zealand, long-term interests rates are market yields on roughly 10-year
government bellwether bonds; for New Zealand, 5-year bond yields are shown.
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instructing the Bank on operation of monetary policy. The New Zealand program also
emphasizes transparency and accountability. Every six months the Bank must publish an
official statement that reviews progress toward price stability, and the Bank's Governor
regularly is questioned in parliament on inflation performance and prospects. Authorities
have indicated that the targets are meant to be ';clear yardsticks" against which the Bank's
leadership is accountable -- at the potential cost of dismissal. To provide flexibility, the
current agreement also includes a limited list of formal exemptions for certain economic
shocks deemed not to be under control of the Bank, such as changes in the value-added tax.
Mid-period overrides can be initiated by the government as well, but this step requires formal,
public review. To support its inflation-reduction efforts, the government also has set up
specific targets for budget deficit reduction that have been met."”

New Zealand's targets originally were set as ranges of two percentage points for the
four-quarter rate of change of the basic CPI to be achieved at several widely spaced dates
(denoted with the "I-bars" in the upper panel of Chart 1); after 1993, the target was extended
indefinitely with a continuous range of 0 - 2 percent. As indicated by the solid line in the
upper panel, until last year inflation in the "all groups" CPI (the series that is the official
basis for the target) had fallen within or below the Reserve Bank's targets. During the second
half of last year, however, the 12-month rate of inflation breached the upper bound of the
range and in mid-1995 was above 4-1/2 percent. To some extent higher "headline" inflation

in the all-items CPI has resulted from increases in mortgage interest rates and other special

"> In 1994 the New Zealand government budget was in surplus for the first time in 16
years.
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factors that qualify for temporary exemption under the Policy Targets Agreement.
Accordingly, since last year the Reserve Bank has been emphasizing and reporting on an
underlying rate of inflation that adjusts for these factors, which it estimates to have been
about 2-1/4 percent recently. The Reserve Bank also has indicated that it expects the
underlying rate to slow after mid-1995 to roughly the middle of the target range." In
response to increased inflationary pressure, short-term interest rates have been raised in New
Zealand by more than 400 basis points during the past year, and the yield curve has become
downward sloping.
Canada

Although Canada (Chart 2) did not have as chronic an inflation problem as New
Zealand, inflation did rise sharply in the late 1980s as the economy became overheated. In
February 1991 inflation targets were set jointly by the Bank of Canada and the Department of
Finance. Later that year proposals before a parliamentary subcommittee to amend the Bank
of Canada Act to make "price stability" the Bank's official goal failed, leaving inflation
targeting as discretionary policy. In contrast to New Zealand, inflation targeting in Canada
has not been accompanied by any notable new measures for central bank independence,

transparency of policy, or accountability of policymakers. The government did introduce

"' There is some precedent for mid-course corrections in New Zealand. New Zealand's

targets were first announced in March 1990 (and officially set in April) at: end-1990, 3-5%:;
end-1991, 1.5-3.5%; end-1992, 0-2%. Following an election and change in government, in
December 1990 the targets were revised and extended to: end-1991, 2.5-4.5%: end-1992,
1.5-3.5 %; end-1993 0-2%. In late 1990, the 12-month inflation rate threatened to come in at
year-end slightly above the original target range -- or "guidepost" as it was referred to then.
In fact, end-1990 12-month inflation turned out to be barely within the original range, but the
first target already had been advanced to one year later.
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concurrent budget deficit reduction goals, but the budget situation in Canada has worsened
and those goals have not been met.

Arrangements for flexibility in the face of shocks are less formal than in New Zealand,
but the Bank has identified limited circumstances (such as oil-price shocks and indirect tax
changes) when the targets (or the inflation measure) may be altered temporarily. Longer-term
adjustments are to be undertaken only "in very unusual circumstances." In Canada, the CPI is
the basis for the official inflation target set jointly by the Bank of Canada and the Department
of Finance, but the rate of increase of the "underlying”" CPI (which excludes food, energy, and
temporary effects of indirect taxes) is used as an operational objective. For several years
following announcement of the Canadian target ranges in early 1991, official emphasis was
placed on the mid-points of the ranges. After a change in government and leadership at the
Bank of Canada in early 1994, greater attention has been given to the full ranges, suggesting
to some observers that the targets are being interpreted more flexibly.

The top panel of Chart 2 shows that after the targets were implemented in 1991
Canadian inflation fell sharply, but that decline had much to do with Canada's slide into
recession. Since then until this year, inflation -- as measured by 12-month changes in the CPI
excluding food and energy -- has stayed within (or below) the lower half of its target range,
even as the economy recovered. (Measured inflation was depressed in 1994 by removal of
the Canadian cigarette tax; after adjustment for tax changes, inflation was near the
interpolated bottom limit of the target range.)

In 1995, despite the economy's sluggish performance, 12-month inflation in the all-

items CPI has moved up to just under 3 percent, due in part to weakness of the Canadian
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dollar. (The rate of increase of the CPI adjusted for food and energy has been about 2-3/4
percent.”®) This has raised concerns about medium- to long-run inflation prospects and the
standing of the official inflation targets. Although the Bank of Canada has acknowledged the
possibility of some upside risk for inflation (related mainly to exchange rate pressures), in
public statements it has sought to reassure the public that the current inflation outlook is
consistent with the Bank's inflation-control targets. During 1994 and early 1995, the short-run
stance of monetary policy often was affected by the need to offset periodic downward
pressure on the Canadian dollar. That pressure has subsided lately, but on balance 3-month
interest rates have been raised nearly 300 basis points since early 1994.
United Kingd

As shown in Chart 3, shortly after the United Kingdom withdrew from the ERM in
September 1992, the U.K. government announced a medium-term target for underlying
inflation of 1-4 percent. It also adopted a longer-run goal of an inflation rate of 2-1/2 percent
or less to be achieved by mid-1997. The U.K. inflation targets are defined on the retail price
index excluding mortgage interest payments and are set by the Treasury. Although a few
modest steps have been taken to give the Bank more autonomy,'® its scope for independent
monetary policy remains limited. To increase the transparency of policy, the Bank publishes

quarterly a detailed review and analysis of its inflation-targeting arrangements, and since

'* Increases in 12-month inflation this year also have been due in part to removal from the
all-items CPI of effects from tax reductions last year.

'8 The Bank now is allowed to choose the best timing for changes in official interest rates
that have been determined by the Treasury.
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April last year minutes of monthly meetings between the Bank's Governor and the Treasury
have been made public within about six weeks. Until last year, U.K. budget deficits had
widened during the inflation-targeting period.
As the upper panel of Chart 3 indicates, U.K. inflation decelerated substantially -- as

did UK. growth (the middle panel) -- during the ERM period that preceded inflation
targeting. This deceleration continued into the targeting period, and since early 1994 the rate
of inflation has been in the lower end of the target range. Lately, however, inflation has
picked up and approached the 2-1/2 percent mid-point that marks the government's longer-run
objective. In addition, in recent months political problems of the present government and
proposals from the opposition for reform of various aspects of U.K. monetary policy have
added to unc;ertainty regarding the degree of commitment to the targets. Although the upper
bound of the current inflation target range (4 percent) does not appear to be threatened,
recently the Bank of England has indicated that it expects that it will be difficult to meet the
2-1/2 percent longer-run target in 1997.
Sweden

Sweden's inflation targeting program was announced by the Riksbank in January 1993,
near the trough of one of that country's most severe recessions and shortly after Sweden had
abandoned its attempts to maintain a unilateral exchange rate peg versus other European
currencies. As shown in the upper panel of Chart 4, inflation in 1992 already had fallen

precipitously to roughly a 2 percent rate from double-digit rates in previous years."” In

"7 The 12-month inflation rate was increased temporarily during 1993 by new taxes; on an
adjusted basis inflation in Sweden remained close to 2 percent.
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setting its first target, the Riksbank allowed itself three years to achieve its goals; the target
was set as a 1 - 3 percent range to be met by year-end 1995. The measure that is the ofﬁcial
basis for targeting in Sweden is an adjusted CPI that excludes effects from indirect taxes,
subsidies, direct import prices, and petroleum and crude oil prices. Although there have been
expressions of government support for inflation targeting in Sweden, inflation targeting is not
legally mandated and is a discretionary policy of the Riksbank (which has a moderate amount
of operational independence).

As the economy recovered last year, price pressures began to edge up, even though the
gap from potential was still large. Uncertainties about progress in reversing previous
deterioration of Sweden's budget and official debt positions contributed to downward pressure
on the krona, which intensified in late 1994 and early this year. Short-term interest rates have
been moved up by more than 250 basis points since early 1994, and long-term interest rates
have increased almost 400 basis points. Earlier this year the 12-month rate of inflation
(measured on the official adjusted index) edged above 3 percent, in part because of effects
from weakness of the krona. Wage pressures particularly in the tradables sector of the
economy, which has been booming, also pose a risk of further near-term acceleration. The
Riksbank has acknowledged that inflation may exceed the 3 percent target this year, and that
it could remain above the target range in 1996. In recent discussions and pronouncements, it
also has begun to emphasize the standard all-items CPI, which has registered a somewhat

lower 12-month inflation rate this year because of the removal of some tax effects.
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3. Credibility of inflation targeting: a simple test

In a recent paper'® Lars Svensson proposed a simple practical procedure for evalﬁating
the credibility of inflation targeting that involves constructing inflation-target-consistent (ITC)
real yield curves. This is done by deflating a given IT country's nominal yield curve for a
particular date by the corresponding path of average inflation from that date onward (to
future-dated points on the yield curve) that is exactly consistent with meeting the inflation
target.'” (From the ITC yield curve it also is possible to construct a corresponding path for
implied ITC future real interest rates over the same time horizon.) Differences in real interest
rates along a particular ITC yield curve can occur when either nominal interest rates differ
along the curve and/or the average inflation fate consistent with meeting the targeting
program at the corresponding two future time horizons differs. Similarly, shifts over time in
the position of an ITC yield curve can happen when either nominal rates change or when the
inflation rates required to meet particular target benchmarks change. (The latter might occur
because of the passage of time and closer approach of future benchmarks, but also if the

targets themselves are altered.)

'* Svensson (1993).

" The IT countries generally have established target ranges for the end-of-year, 12-month
CPI inflation rate, with varying degrees of emphasis on the central rates. In this exercise, we
used the central rates to form the ITC deflators, but one could supplement these with similar,
ITC deflators based on the upper and lower boundaries of the range. To produce a
continuous path for inflation at intermediate points between official end-year benchmark
dates, we interpolated the required path of 12-month CPI inflation. Whether a deviation of
inflation from the target range in mid-year should be taken as an indication of failure or only
a warning signal is open to market interpretation. The concept of inflation that we used to
construct the ITC curves conformed to that of the official targets.
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The ITC construct provides a simple "test" of credibility of inflation targeting to the
extent that real interest rates on a given ITC yield curve (or corresponding curve for infplied
future real interest rates) are consistent with plausible independent measures of real rates at

corresponding maturities. More specifically, assuming that the Fisher equation,

O ii = r, + Em), + 0,
where i, is the nominal interest rate of a given maturity,

r, is the corresponding real interest rate,

E(m), is expected average inflation over the same time horizon, and

0 is a risk-premium term,
holds, then at any given maturity expected inflation (plus the risk-premium term) must
account for the difference between nominal and real interest rates. Accordingly, if an
inflation targeting program is fully credible, ITC real rates should be closely equivalent to
plausible measures of corresponding real interest rates at all maturities.’ Similarly, to the
extent that the ITC curve at any point is above (below) its real-rate counterpart, that gap
measures the extent to which market-based inflation expectations -- plus the risk premium --
exceed (fall short of) the regime's objectives. Moreover, even if the ITC real rate is

imperfectly related to an accurate measure of the true real rate (because of the presence of a

% The presence of a non-zero risk premium prevents the equivalence from being exact. It
may not be inappropriate, however, to include the risk premium implicitly in the measure of
credibility, as a fully credible program should affect the risk premium as well as the level of
expected inflation.
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significant risk premium, for example), as long as that error remains constant, changes
between two dates in the gap between ITC rates and reference real rates still would proﬁride a
measure of the extent to which credibility has been lost or gained over time.

The upper panels of Charts 5 - 8 show ITC yield curves for the four IT countries at
several selected benchmark dates. Corresponding curves for ITC real 1-year future rates
(derived from their counterparts in the upper panel) are displayed in the lower panels. In
each country's chart, curves are shown for: (1) a month about one-half year prior to
implementation of the target regime?'; (2) at the latest trough in nominal long-term interest
rates, usually around the end of 1993 or beginning of 1994; (3) at the latest peak in long-
term rates (between August 1994 and January 1995, varying from country to country) and:
(4) for the lauxest month available. In general, all four countries display substantial drops in
ITC yield curves between the initial date (the thin solid lines in the upper panels) and several
years later (the coarse broken lines). These declines -- roughly between 3 and 5 percentage
points -- suggest that a substantial gain in credibility likely occurred in this interval. By year-
end 1993, when long-term interest rates were at their lowest recent levels, long-term ITC real
interest rates had fallen to around 5 percent or less in all four targeting countries -- quite

close to plausible estimates of equilibrium long-term real interest rates.?

2! This timing was selected so as to avoid the period immediately prior to announcement of
the targets, when the program may have been anticipated and already factored into market
expectations.

2 As noted earlier, the ITC curves shown are based on the mid-point of official announced
ranges. If, for example, we were to allow a 1 percent margin (1-1/2 percent in the United
Kingdom) to meet only the upper ends of a target ranges, the corresponding ITC curves
would be correspondingly lower.
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Chart 6
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Chart 7
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Chart 8
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Since then all four ITC curves have retraced most or all of their previous declines, as
indicated by the fine broken lines and solid lines. In New Zealand, for example, the loﬁg-
term ITC rate in September last year reached 8 percent, as nominal long-term interest rates
increased sharply. More recently, nominal interest rates in New Zealand have eased back
somewhat, but the long-term ITC real rate still is quite high at about 7 percent.> The
patterns of recent shifts in other IT countries have been similar, with seemingly a particularly
large implied deterioration of credibility in Sweden; by April of this year, the Swedish ITC
curve had risen at the long-maturity end to a level almost 2 percentage points above the pre-
IT curve of July 1992. In some countries, ITC yield curves also have begun to tip upward,
either in entirety or in part. In the United Kingdom and Sweden, for example, the pattern of
1-year future »ITC rates suggests an expected period of sharply increased tightening in the
medium-term (about 2 to 5 years from now). This is not surprising in view of recent
recognition by authorities in both countries that achievement of medium-term inflation goals
is in doubt. It may also reflect a market expectation that monetary policy may have to
tighten in the approach to EMU, although at this point it is not clear whether either country

will participate in Stage Three before the end of the decade.

» However, if the latest ITC curve is deflated by inflation in the adjusted New Zealand
CPI, consistent with the Reserve Bank's latest effort to emphasize that measure, the
corresponding ITC curve at short maturities and also near-term one-year future ITC rates
would be considerably higher. In terms of our test, this would suggest that credibility of the
program evaluated against the adjusted inflation rate had eroded by even more.
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4. Adjustment for External and Cyclical Effects

One serious limitation of the ITC curves as a basis for assessing progress on policy
credibility is that the associated real-rate benchmark may vary, especially at the short end of
the maturity range. Long-term real interest rates are more likely to be stable since, over the
very long-run, the long-term real interest rate in an economy is arguably a deep parameter
that is tied to the long-run rate of return to capital. However, over a shorter time horizon --
say, at the frequency of the typical business cycle or less -- even long-term real rates may not
be constant. Shifts in demand for resources and financial capital over the business cycle,
along with changes in the current and expected stance of monetary policy, could be important
sources of cyclical variation of long-term real rates. Other fundamental factors -- including
changes in fiscal positions, private saving and investment patterns, and technical change (both
real and financial) in an economy -- might influence real rates as well. For economies that
are highly open in both trade and financial transactions (which characterizes the countries in
our study, at least in the 1990s), there also could be important spillovers from changes in real
interest rates from global markets into domestic real long-term interest rates.”* Movements in
long-term nominal interest rates during the past several years suggest that this latter factor has
become increasingly important.

Clearly, in assessing whether or not the pattern of recent shifts of real ITC curves

indicates a loss (or gain) in credibility, it is important to know the extent to which foreign

# Persistent deviations from purchasing power parity -- or changes in the equilibrium long-
term real exchange rate -- could also affect real long-term interest rates.
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real-rate spillovers, cyclical effects, and possibly other factors may have influenced real
interest rates in IT countries. Unfortunately, reliable measures of real long-term interest. rates
have proved to be elusive, mainly because of the difficulty of pinning down inflation
expectations.” Accordingly, to provide some insight into this issue, we developed several
measures of real long-term interest rates in international markets along with comparable
estimates of real long-term interest rates for the IT countries. All of these measures have in
common that nominal long-term interest rates (at roughly 10-year maturities) are deflated by a
centered 36-month moving average of realized (or projected) consumer-price inflation that is
meant to proxy for long-run expected inflation.?

Next using these various measures of real long-term interest rates, we tried to assess
the extent 10 which real long-term interest rates in the IT countries may have been affected by
spillovers from global markets and by cyclical factors. As a first step, we assumed that real

long-term interest rates are serially correlated, as below:

2 -
@ r, = @+ P T * Py g +Uu

* Yields on index-linked securities potentially could be used to meet this need, but markets
for the few such securities that have been issued in industrial countries have several
shortcomings, including the fact that they tend not to be widely traded and often are subject
to special tax treatments. The market for indexed-linked U.K. gilts comes closest to
providing a useful benchmark, and some evidence from U.K. real yields is discussed below.
See also Deacon (1994) and Deacon and Derry (1995).

% For time periods within 18 months of the present, staff projections for consumer-price

inflation were used for some forward terms of the deflator.
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and * _ . . . . . *
Te = @ PNyt Prp Ty e ML
where 7, is the domestic real interest rate in an IT country,
r’, is an external real interest rate, and

u, and u", are error terms for domestic and external shocks.

The two error terms were assumed to be related as follows to reflect the process by which

shocks from external markets spill over into domestic real interest rates:

3) u = Bu + e

where g, is the country-specific component of the domestic shock, and
B measures the size of spillover effects.
Equations (2) and (3) then were combined -- and an estimate of the contemporary domestic
output gap in each IT country was added to capture cyclical effects -- producing the following

equation for real interest rates:

m n
) . = @+ Ept-j fy br; - 6; Pk Tk * Y& * € ,
1 =1
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where g, measures the gap between potential and actual GDP.?’” An equation of this form was
estimated for each of the four IT countries using several alternative measures of external real
long-term rates (e.g., a "world" rate, a "big-three" rate, and rates on long-term instruments
denominated in U.S. dollars, DM, and yen separately®®) for the time period 1984-93. In the
estimations, LM tests were applied sequentially to eliminate insignificant lags for both
domestic and external interest rates.”” The results of selected estimations are summarized in
Table 1.%

As may be seen in the table, almost all coefficients on lagged domestic rates and both
current and lagged external rates had the expected sign and were significant at the 5 percent

level or better, and adjusted R’s all were fairly high. The New Zealand results were

77 The output gap measures are staff estimates (based in part on IMF and OECD estimates
of quarterly output gaps); for New Zealand, the output gap was obtained by applying an H-P
filter to quarterly data. Monthly values for all countries were interpolated by applying cubic
splines.

2 The world rate was derived from a cross-section/time-series panel regression on real
long-term interest rate data from 12 industrial countries; the big-three rate is a weighted
average of dollar-, DM-, and yen-denominated real long-term interest rates. See the appendix
for further details on procedures used to generate the panel-based world long-term real
interest rate.

? In the estimations for Canada, the United Kingdom, and Sweden -- which used monthly
data -- LM tests generally identified lags of two periods on domestic rates and one period on
external rates as statistically significant; in the best New Zealand estimation -- which was

based on quarterly data -- the longest significant domestic and external lags were one quarter
for both.

3 ADF tests on the real interest rate data indicated possible presence of a unit root in most

cases. (Gagnon and Unferth [1993] also found some evidence of unit roots in short-term real
interest rate data.) Accordingly, equation (4) was estimated in first-difference form as well,
and results are reported in Appendix III.



Note: Cells show estimated coefficients with standa;
- were OLS on monthly data, except for New Zealand which was on quarterly data.
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Table 1

Regression results: equation (4)

\ equation
regressor \

(world

N.Z.

rate)

3.80
(1.90)

0.71
(0.11)

|

<015 }’
(0.14)

0.56
(0.50)

m n
o= @ o+ EP:-] r, + Br, - BY priroy + Y8 * ¢,
j.l k=l

-1.01
(0.55)

0.76

Id errors in parentheses. Regressions
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somewhat an exception. New Zealand regressions based on interpolated monthly data (not
shown) were of low overall quality; only the best estimation using quarterly data is reported,
and it is the least satisfactory in the group.”’ The coefficients measuring spillover effects
from the external sector (B, the coefficient on ") vary somewhat from only about 0.5 for
New Zealand (and not significant) to essentially unity for the United Kingdom. For Sweden
and the two versions of the Canadian model, the spillover coefficients are in a range of .85 to
.91. (The two Canadian models that use the world rate and U.S.-dollar denominated real
long-term rates, respectively, as the external rate are similar in most respects, but the model
with U.S. rates -- which also had a slightly lower passthrough coefficient -- produced the
better statistical fit.*?)

Interestingly, although the coefficients on output gaps generally were not significant,
they were all negative, which suggests a number of possibilities. One is that movements of
long-term real rates reflect (faintly) a counter-cyclical tendency in monetary policy. Another
possibility is that our deflator may systematically mis-measure (overstate) changes in inflation

expectations over the cycle and, for example, cause nominal interest rates near a cyclical peak

' The low coefficient value and larger standard error for external interest rates in the case
of New Zealand may be attributable in part to capital controls that were in effect during a
portion of the sample period and a generally lower degree of international integration of New
Zealand financial markets.

* In general, the world rate (and for Canada, U.S. dollar-denominated long-term rates)
dominated the other competing explanatory variables, such as the big-three rate, and DM- and
yen-denominated long-term interest rates in terms of goodness of fit for all IT-countries.
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to be overdeflated.”® In any event, the coefficients for the effect of gaps are small, and
variations of output gaps generally explain only a minor part of the total variance of thé
regressions.

Using the results of these equations, we then generated projections of levels and
movements of real long-term interest rates in IT countries in the post-1993 period. In Table 2
we have tabulated changes in projected long-run real rates between recent key dates
(corresponding to dates in Charts 5 - 8), along with corresponding changes in ITC long-term
rates. We also show in the right-most pair of columns the differences between the two
changes in order to provide a rough assessment of the extent to which movements in real
long-term rates can be attributed to spillovers and cyclical effects. (The entries in those
columns provide an inverse measure of net credibility gain in the sense that we have used it
earlier -- i.e., positive values indicate a loss of credibility.) It is evident that, during the
recent period of general upswing in long-term nominal interest rates, ITC rates in targeting
countries (except Sweden) rose more than did our projected real long-term rates, suggesting
an erosion of credibility. The difference in movements was the greatest in New Zealand
where the estimated differential was nearly 300 basis points; however, given the lower quality
of the New Zealand estimations, one should not make too much of this result. The fact that

the sign on differential movements since the latest peak (the final column) turned negative for

* This would be consistent with a tendency for actual inflation expectations to be: based on
very long-term historical inflation performance. Our use of realizations of actual inflation in
forming both backward and forward components of the proxy deflator then would tend to
produce a counter-cyclical pattern in movements of our real rate measure, especially near
turning points.
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Table 2
Recent changes in ITC and real long-term interest rates
(basis points)
ITC long-term rate || Real long-term rate ITC less real rate
(projected) change
trough peak - trough peak - trough peak -
- peak latest - peak latest - peak latest
Canada 288 -93 213 -76 75 -17
(world rate)
|
Canada 288
(U.5. rate)
United Kingdom 246
(world rate)
|
Sweden 420
(world rate)
New Zealand 289
(world rate)

Note:
Canada: trough Jan. 1994; peak Jan. 1995; latest Apr. 1995.
United Kingdom: trough Jan. 1994; peak Oct. 1994; latest Apr. 1995.
Sweden: trough Jan. 1994; peak Aug. 1994; latest Apr. 1995.
New Zealand: trough Dec. 1993; peak Sep. 1994; latest Mar 1995.
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New Zealand and Canada similarly suggests that some credibility may have been regained. In
the two countries where authorities have been fairly candid lately about the increased
likelihood that targets will be missed -- the United Kingdom and Sweden -- the patterns of
changes have been different. There was essentially no change in the credibililty measure for
United Kingdom in the latest period, while in Sweden credibility appears to have deteriorated.
Table 2 also makes it clear that the pet change over the full time span (roughly 1-1/2 years)
since the latest trough in three of the four IT-countries (all except Sweden) has been in the
direction of credibility loss.** The implied losses in credibility have been a good deal less,
however, than might be suggested by naive comparisons of nominal interest rate movements,

unadjusted for underlying changes in real rates.’’

S. Stabilization of Inflation Expectations

Appendix table A.3, which is constructed similarly to Table 2 uses fitted values from

equation (4) to measure changes in real rates during for the pre-IT to trough period. When
they are compared with changes in real rates on the corresponding ITC curves, they indicate

that there was a sizeable gain in credibility during this period for most IT countries, except
the United Kingdom.

* In the most recent period, financial markets have focussed on fiscal problems in
countries with large government budget deficits and high levels of outstanding official debt.
In Canada and Sweden particularly, this has been a factor in periodic episodes of downward
pressure on exchange rates, and it likely added upward pressure on nominal long-term interest
rates as well. To the extent that fiscal problems did raise nominal rates, our measure of
credibility decline would be larger. However, if one adopts a broader standard for inflation
credibility that encompasses effects from fiscal policy, this omission (and its tendency to raise
the differential between ITC and estimated real long-term interest rates lately) may not be
inappropriate.
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The analysis above assumed that the risk premium term in equation (1) remained
constant. However, the risk premium could be affected by inflation targeting as well, and any
resulting changes in its value would influence the comparison of ITC rates and estimated real
rates of interest. Specifically, it is possible that inflation targeting may have fostered
convergence of inflation expectations to the official targets, reduced the variability of inflation
expectatiors, and thereby lowered the risk premium. One possible manifestation of this might
be a reduction in the variability of nominal interest rates -- on the assumption that changes in
inflation expectations generate a significant part of shorter-frequency (month-to-month)
variations in nominal long-term rates. Accordingly, we tested to see if conditional variances
of nominal long-term interest rates in IT countries appear to have fallen following the
introduction of targeting. Our basic set-up for these tests, equation (5), was parallel to that of
equation () for real interest rates, except that in (5) we substituted nominal long-term interest

rates, as noted below. Thus, the underlying model for nominal long-term interest rates was:

m n
o) it = a« ¢ Z pp-j it-j + Di: - BZ p:—k it:k+ Y8, * g
j=1 k=1
where i, and i, are domestic and external nominal long-term interest rates. The residual
sum of squares from this regression (adjusted for degrees of freedom) is %2 distributed and
can be used as an estimator of the conditional variance of domestic nominal rates. The ratio
of adjusted residual sum of squares from pre- and post-IT sub-periods (which has an F-

distribution) provides a statistic to test whether or not the conditional variance of long-term
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nominal interest rates may have shifted.*® The same equation also can be used to test whether
or not there may have been structural shifts in coefficients of the model, and in particular
whether or not the coefficients on lagged dependent variables appear to have changed in the
post-IT period (possibly becoming smaller, for example).”’

Results from various tests of these hypotheses are summarized in Table 3. From
entries in the first column, it is apparent that for all four countries it is not possible to reject
the null hypothesis of no structural shift in the coefficients of the lagged dependen: variables
in the post-IT period. Accordingly, this suggests that inflation targeting does not appear to
have affected the underlying parameters of the process of inflation-expectations formation.
Similarly, tests for shifts in all coefficients jointly (column 2) provided no basis for rejecting
the null hypothesis of no structural change. Accordingly, for the tests involving comparisons
of conditional variances, we relied on the model estimated over the full sample period, but
used the sum of squared residuals from each sub-period separately. The results from these
tests (column 3) do indicate a statistically significant reduction of conditional variance in the
post-IT period in New Zealand and the United Kingdom. Evidence to support a similar

conclusion for Canada and Sweden was lacking. The fact that the tests are positive for

% Note that, because in this form the estimated variance is conditional on spillover effects,
it should take into account, in part at least, effects on IT-country variance from a general
global increase in variability of long-term nominal interest rates. Accordingly, it provides a
measure of the variability of nominal interest rates over-and-above the general variability of
interest rates in international markets.

%7 Changes in structural coefficients also would affect the unconditional variance of
nominal interest rates, which could be misleading if variance tests were conducted without
controlling for lags, spillovers, and cyclical effects.
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Table 3

Tests for structural changes and shifts in conditional variance

Pre-/post-IT
variance ratio

lagged dependent full model

variables only

1.49; 66, 46
[7.6]

1.75; 7, 112
[10.4]

1.20; 8, 117
{30.3]

Canada
(world rate)

Canada 0.02; 7, 118 2.05; 6, 114 0.95; 67, 47
(U.S. rate) [100.0] [6.5] [58.0]
United Kingdom 1.78; 5, 120 0.71; S, 116 3.59; 88,28
(world rate) (12.2] [61.9] [0.01]

Sweden
(world rate)

1.67; 7,118
[(12.2]

1.54; 6, 114
[17.2)

1.31; 90, 24
[27.8]

New Zealand

0.47; S, 36

1.06; 5, 32

3.58; 16, 16

(world rate)

Note: Entries above show F-statistics and associated degrees of freedom; corresponding levels of
significance in percent (for one-tailed tests in columns 1 and 2 and two-tailed tests in column 3) are
shown in brackets below each entry. Column 1 reports results from (joint) tests for structural change
in lagged-variable coefficients only. Column 2 reports results of joint tests for structural change in
any or all coefficients.

For the estimations reported above, the full sample of long-term nominal interest rates ran
from January 1985 to the latest month available. The numbers of significant lags on domestic and
external interest rates varied across countries, with two lags each for domestic and external rates for
the Canadian model (using world rates), two lags on domestic interest rates and one on external rates
for both the: Canadian model (using U.S. rates) and the Swedish model, and one lag each on domestic
and externzl rates for the U.K. and New Zealand models. The sample break points (IT-announcement
dates) for testing for structural changes in each country were: Canada, Feb. 1991; United Kingdom,
Oct. 1992; Sweden, Jan. 1993; New Zealand, Apr. 1990.
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possible shifts in conditional variances for the United Kingdom and New Zealand likely
reflects in part that both countries experienced fairly large, erratic swings in interest rates

early in the pre-IT period (in the U.K. case related to exchange rate pressures).

6. Conclusions

During a large part of their periods of inflation targeting, the four countries that are
the subject of this paper -- New Zealand, Canada, the United Kingdom, and Sweden -- have
been in recession with substantial gaps from potential output. Accordingly, price pressures
have been subdued, and for the most part the commitment of authorities to inflation targets
has not been questioned. As the four IT countries have moved into economic recovery
recently, economic slack has narrowed and inflationary pressures have returned, generating
the first meaningful challenges to the targeting regimes.

This paper has attempted to evaluate the effectiveness of inflation targeting -- as
perceived in financial markets -- by using long-term interest rate data from the recent period
of economic recovery to estimate changes in long-term real interest rates. These estimates
then were used to compare with and adjust changes in constructed inflation-target-consistent
real rates that incorporate inflation paths consistent with the targets themselves. A concern in
making such comparisons was the extent to which real long-term interest rates have risen in
these countries because of cyclical factors and, particularly, spillovers from increases in long-

term interest rates in international markets. Accordingly, using panel estimates of real long-
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term interest rates for 11 industrial countries over 12 years, we developed a measure of a
world real long-term interest rate. This and other measures of external rates were used, with
measures of output gaps, to control for at least two factors that may have had important
impacts on. real long-term rates in IT countries. Estimates from our models did not detect
significant effects from output gaps, but spillover effects from external real interest rates
appear to have been important. These spillover effects were least significant in New Zealand,
but were larger and more statistically robust in the other three countries. In Canada,
approximarely 85 to 90 percent of increases in external real long-term interest rates -- whether
measured by the world rate or U.S.-dollar denominated interest rates -- was estimated to pass
through into Canadian rates. Estimated spillover effects were similar for Sweden, and in the
United Kirgdom the spillover coefficient was estimated to be near unity.

When projected changes in real rates in IT countries based on our models were used
to adjust recent changes in ITC real rates, it appeared that three of the four IT countries (all
except Sweden) experienced a loss of credibility of their targeting programs since the latest
trough in nominal long-term interest rates near the end of 1993. Because real long-term
interest rates appear to have risen largely because of spillovers from external markets,
however, the implied credibility loss is much less than would have been estimated had long-
term interest rates been assumed to be unchanged. Since the latest peak in nominal rates,
Canada and New Zealand appear to have regained a modest amount of credibility after
adjusting for real interest rate declines. This has occurred despite indications of increasing
upward pressure on prices and growing concern about the status of inflation targets (as well

as some maneuvering by authorities with target definitions, etc., to try to preserve credibility).
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The latter changes have been smaller, however, and on balance credibility appears to have
eroded during the past year and a half. Thus, even after accounting for spillovers from
external rates and cyclical effects, recent increases in long-term interest rates appear to be
incompatible with the possibility that market expectations for inflation have remained on track
with official objectives.

Other evidence suggests that, although inflation targets have not had any detectable
effect in altering the time-series characteristics of nominal interest rates (and, by implication,
of inflation-expectations formation), inflation targets may have helped stabilize inflation

expectations and possibly lowered the inflation-risk premium in some countries.
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Appendix I: Panel regressions for the world long-term interest rate

One measure of real long-term rates in global markets that was used to evaluate
spillovers from external markets into domestic real long-term interest rates was based on
results frorn cross-sectional/time-series panel regressions.”” The panel consisted of series on
monthly (and quarterly) real long-term interest rates®® for 12 major industrial countries (the G-
10, plus Switzerland and New Zealand) over the decade 1983-1994.3° Two sets of centered
dummy variables were included as explanatory variables to capture individual country effects

and time-period effects. Thus, real long-term interest rates were represented as follows:

(A.1) " e = B o+t owg v otd o+ e,

where r, are real long-term interest rates,

%7 A similar approach was used in Gagnon and Unferth (1993) to assess properties of real
short-term interest rates in global markets and, in particular, whether or not markets are
sufficiently integrated that there is a statistically meaningful world short-term real interest
rate.

* Long-term real rates were formed from long-term nominal interest rates (average during
the month or quarter) deflated by a centered 36-month moving average of 12-month CPI
inflation. The nominal rates in most cases were rates on bellwether instruments, for which
there is a small premium in financial markets, making this measure likely to be slightly below
other measures of real rates.

* This time period was selected, after some experimentation, because it does not include
the immediately previous years of the early 1980s when real interest rates appear to have
moved quite erratically. It ends just before the latest period of economic recovery, allowing
the model to project real rates into recent quarters and months.
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c; are country dummies for the 12 countries noted above,

d, are time-period dummies for the 120 months (or 40 quarters)
of the sample period, and

g, is a random error term.*!

A summary of the results is presented in Table A.1 below. As noted, the panel
regression based on (A.1) was fairly robust with almost all country dummies significant,
providing support for use of the equation's fitted values as a potential explanatory variable to
evaluate spillovers from international markets.*

The intercept term of equation Ab.l (with an estimated value of 4.9 percent) provides a
direct measure of the average global long-term interest rate (with equal weights for each
country's rates) over the full decade of the sample. By application of time-period add-factors
(derived from the estimated time-period dummy coefficients), we obtained a measure of the
average "world" real long-term rate that varied over time. As an alternative measure of long-
term rates in global markets, we also constructed a "big- three" weighted-average (with global

trade weights) from dollar-, yen-, and DM-denominated long-term interest rates.”’ Both series

' To avoid collinearity with the constant term, the number of dummies in each set was
reduced by one. The estimated coefficients for the country and time-period dummies

(together with the constant term) can readily be converted into country and time-period add-
factors.

2 For purposes of evaluation of spillovers into any given IT country's real rates, that

country was deleted from the panel and the equation was re-estimated. Results from panel
regressions with such 11-country sets were similar to those from the full 12-country panel.

¥ We also used dollar-, DM- and yen-denominated real long-term interest rates (defined in
the same fashion) separately as potential measures of external rates.
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Table A.1

Panel Regressions Results: Long-term Real Interest Rates
(equation A.1)

Country , t-value add-factor
(percentage (percentage
[constant] 4.90 175.44 -
Germany - -
" United States 0.07 0.52
Japan -0.92 -6.70
France 1.14 8.30
Italy 0.84 6.16
Netherlands 0.60 4.35
Belgium 1.04 7.60
Switzerland 2719 -20.37
United Kingdom -0.29 -2.14
Canada 1.09 7.95
Sweden 0.46 3.39
New Zealand 0.28 2.04

Adjusted R? : 505

Note: The country dummy for Germany was eliminated from the full 12-country set for
regression runs.

(A-1) T = B * of + td + ¢
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are displayed in the upper panel of Chart A.1. It is apparent that they track fairly closely,
although the big-three rate has tended to lie below the world rate recently (and above it-
earlier in the sample period).

Table A.2 provides some additional information on the variances of individual
countries' real interest rates and corresponding panel-regression residuals and also on the
correlation between each country's real interest rate and the estimated world interest rate. As
may be seen in column 4, correlations between the real interest rates and the estimated world
rate generally were quite high; only for Italy and New Zealand were they noticeably below
0.50. Also, in the majority of cases the variance of a country's real interest rate was larger
than the regression residual, indicating that a large share of movements in real interest rates
for each country can be explained by time effects that are incorporated into the world rate.

It is also possible to derive from the panel exercise an estimated country-specific real
long-term interest rate for any single country by applying the appropriate country add-factor
to the world average. The basic panel regression assumed that these country add-factors were
constant over time, but it is also possible to test whether or not there may have been
structural shifts in a country add-factor -- for example, in the targeting countries from the pre-
IT to post-IT periods. Results from such tests indicate that the null hypothesis of rio
structural break can be rejected for three of the four targeting countries (all but Cariada); the
tests indicate that add-factors increased in the post-IT period for these countries.

As an additional indirect "quality check” on our world-rate measure, we examined
whether estimates of U.K. real long-term rates from indexed securities tended to move in

parallel with the UK. real rate derived from our panel data (using the estimated add-factor for
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Chart A.1
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Table A.2

Selected Panel Regression Statistics
(equation A.l)

Variance of | Variance of
country real world
interest rate | interest rate

Variance of | Correlation
country of world
residual and country

0.94 0.34 0.62 0.5

United States 3.19 0.34 3.50 0.49
Japan 0.78 0.34 0.55 0.55

" France 0.57 0.34 0.13 0.89
Italy 1.45 0.34 1.41 0.27
Netherlands 0.73 0.34 0.25 0.50
Belgium 0.66 0.34 0.55 0.79

Switzerland

| United Kingdom

Canada

Sweden

New Zealand

Note:  Results reported above are from model using quarterly data.
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the post-iT period in the United Kingdom). The two measures are plotted in the lower panel
of Chart A.1 for the past several years. Although the levels of the two measures differ |
somewhat (a higher average level for the derived rate by about 40 basis points), the
correlation coefficient is quite high (92 percent). The presence of this gap may reflect in part
the tendency for the interest rate data from the panel estimates to include a higher risk
premium. It is also worth noting that the gap is the smallest near the trough of real rates, a
pattern that is not consistent with the hypothesis noted earlier that the deflator for interest
rates in panel data may mis-measure inflation expectations so as to produce a tendency

toward counter-cyclical movements in estimated real rates.



-34-

Appendix II: Early IT-period credibility tests

Table A.3 below shows relative movements in ITC long-term rates and comparable
estimates of real long-term rates for the period between the initial "pre-IT" starting points in
Charts 5 - 8 and the troughs of long-term nominal rates around year-end 1993. The estimated
real long-term rates are fitted values at appropriate dates in the sample period taken from the
regression estimates from equation (4) for each IT country. The negative entries in the third
column suggest that substantial increases in credibility were achieved for all countries except
the United Kingdom, as ITC rates declined more than did estimated real rates. Thez United
Kingdom likely benefitted least from inflation targeting (on this measure) because its inflation
targeting period was preceded by roughly two years of membership in the ERM, which likely
resulted in lower long-term interest rates (and lower inflation expectations) at the start of the

UK. inflation targeting period.
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Table A.3

Changes in ITC and real long-term interest rates
(Pre-IT to trough; basis points)

Real long-term rate
(in-sample estimate)

ITC less real rate
change

ITC long-term rate

Canacla
(world rate)

Canaca -367 90 277
(U.S. rate)
United Kingdom -295 -311 16

(world rate)

Sweden -291 -237 -54
(world rate)

New Zealand
(world rate)

Note:
Canada: pre-IT Aug. 1990; trough Jan. 1994,
United Kingdom: pre-IT Apr. 1992: trough Jan. 1994.
Sweden: pre-IT Jul. 1992; trough Jan. 1994.

New Zealand: pre-IT Sep. 1989; trough Dec. 1993.
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Appendix III: Alternative estimations (first-difference form)

Because many of the series for real long-term interest rates used to estimat equation
(4) above showed evidence of non-stationarity in unit-root tests, as a check we re-zstimated
the basic model in first-difference form (without the variable for output gaps). The equation

used was

m n
(4.2) Ar, = Yop; Ar o+ BARS - BYpr AR, + e,
j=t k=1

and results are summarized in Table A.4. Several coefficients in tests with this alternative
specification were significant, although the first-difference equations tended to fit the data less
well than in the original specification (especially the equation for New Zealand, for which no
results are reported). However, when we compared the alternative models' in-sample
estimates of changes in real rates during the inflation-targeting period (up to the lastest
trough), as shown in column 2 of Table A.5, the results were reassuringly close to those
obtained with the original model (Table A.3). The main qualitative difference was a
considerably smaller estimated negative change in U.K. long-term real rates, resulting in a net
gain in UK. credibility (like the other countries tested) during this period, as indicated by the

negative sign of the U.K. entry in column 3 of Table A5,



- 35.a -

Table A.4

Regression results: equation (4.a)
(first-difference version of equation (4))

Ar -2 - - - =

\ equation K. Sweden
regressor \ (world (U.S. (world (world
rate) rate) rate) rate)
H Ar,, 0.31 - 0.23 0.24
(0.09) (0.08) (0.08)

Note: Cells show estimated coefficients with standard errors in parentheses. Regressions
were OLS on monthly data, except for New Zealand which was on quarterly data.

L L}
(@.2) Arg = 2 px-j Ar;-j + BAT: - BE p:—k Arl.-k v g,
J=1 k=1
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Table A.5

Changes in ITC and real long-term interest rates
(Pre-IT to trough; basis points)
(first-difference version of equation (4))

I ITC long-term rate || Real long-term rate ITC less real rate
(in-sample estim

Canada
(world rate)

Canada
(U.S. rate)

United Kingdom
(world rate)

Sweden
(world rate)

(world rate)

Note:
Canada: pre-IT Aug. 1990; trough Jan. 1994.
United Kingdom: pre-IT Apr. 1992: trough Jan. 1994.
Sweden: pre-IT Jul. 1992; trough Jan. 1994.

New Zealand: pre-IT Sep. 1989; trough Dec. 1993.
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