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Reflections on 25 Years of Inflation Targeting

Introduction to a Special Issue of the
International Journal of Central Banking

This volume of the International Journal of Central Banking
includes the proceedings from the joint conference titled “Reflections
on 25 Years of Inflation Targeting,” hosted by the Reserve Bank of
New Zealand on December 1-2, 2014. In addition to the papers and
discussions, this issue contains the prepared remarks given at the
conference by Graeme Wheeler (Governor, Reserve Bank of New
Zealand) and keynote speeches by Lars Svensson (Stockholm Uni-
versity) and Carl Walsh (University of California). The conference
was organized by Ozer Karagedikli, Glines Kamber, and Yuong Ha
of the Reserve Bank of New Zealand, and John Williams of the
Federal Reserve Bank of San Francisco.



Reflections on 25 Years of Inflation Targeting*
Opening Remarks

Graeme Wheeler
Governor, Reserve Bank of New Zealand

It is now twenty-five years since the Reserve Bank of New Zealand
(RBNZ) Act came into force. The Act established the operational
independence of the Reserve Bank (Bank) in respect to monetary
policy, and specified price stability as the single monetary policy
objective. A month later, the minister of finance and the Reserve
Bank governor signed the first Policy Targets Agreement (PTA),
which specified an annual inflation target of 0 to 2 percent.

Through this reform, New Zealand became the first country to
formally adopt inflation targeting as its monetary policy regime—
that is, setting the Reserve Bank the explicit goal of maintaining
inflation in a range consistent with overall price stability, giving the
Bank the independence to pursue that goal, and holding it—through
its governor in New Zealand’s case—accountable for reaching the
price stability objective.

In the lead-up to this reform, there was extensive debate within
the Bank over the goals and transmission of monetary policy. Consis-
tent with emerging international thinking, the concept of a long-run
Phillips-curve trade-off was rejected, as were policy rules around
monetary aggregates and targeting nominal GDP. The literature on
policy credibility and time consistency was explored in depth, along
with insights from writings on corporate governance. On the design
front, considerable effort went into defining price stability, agreeing
on a target range for inflation (as price-level targeting was ruled
out), and establishing caveats whereby it might be acceptable for
inflation to be outside the target range for short periods

At the time, these developments were highly controversial. The
reforms were viewed by many here and overseas as ambitious yet

*Opening remarks given at the RBNZ/IJCB conference “Reflections on 25
Years of Inflation Targeting,” hosted by the Reserve Bank of New Zealand,
Wellington, New Zealand, December 1-2, 2014.

'For a full discussion of these issues, see Grimes (2013).
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desirable. They were in line with efforts being pursued in many
countries to rein in high inflation, and were consistent with domes-
tic reforms under way to strengthen public-sector performance by
holding public agencies accountable for reaching clear contractual
objectives. But others questioned whether it was appropriate, or
even feasible, to have the Bank pursue price stability as its primary
responsibility, and to hold the governor accountable for an outcome
not directly under the Bank’s control.

Twenty-five years on, a new generation has grown up with low
and stable inflation as the norm. Much the same has occurred else-
where in the world, with all of the major central banks viewing
low inflation as their main objective. But, beginning in the United
States in 2007, and spreading globally during 2008, we saw the worst
financial meltdown since the Great Depression. The Global Finan-
cial Crisis (GFC) presented major challenges to policymakers and
raised important questions about the conduct and focus of monetary
and financial policies.

This then is an appropriate time to take stock of our experience
with inflation targeting: how have monetary and financial policies
moved forward over the last twenty-five years, including in the after-
math of the GFC, and what issues and challenges lie ahead? I will
offer some insights from the past twenty-five years.

1. Inflation Targeting Has Delivered Price Stability
without Reducing Our Long-Term Growth Rate

The Bank continues to hold firmly to the view that the most impor-
tant contribution monetary policy can make to promoting efficiency
and the long-run growth of incomes, output, and employment is the
pursuit of price stability. Price stability preserves the purchasing
power of the currency and enables producers and consumers to plan
with greater certainty for longer periods, including by responding
to relative price changes that would otherwise be obscured during
times of high inflation. Price stability also reduces the inflation risk
premium in interest rates; facilitates long-term borrowing, lending,
and contracting; and reduces the need for speculative investments
designed to protect against inflation risks.

It is uncertainty around the long-run price level that generates
the costs associated with inflation. Inflation, particularly unexpected
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Figure 1. Inflation and GDP Growth (annual)
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inflation, is a hidden tax, affecting most severely those with fixed
incomes and holders of cash rather than inflation-protected assets.
Price stability cannot by itself resolve concerns about inequality, but
it does reduce the insidious toll that inflation exacts on the more
vulnerable and less financially sophisticated.

Unwinding deeply engrained inflation expectations and transi-
tioning to the target band for inflation involved difficult adjustment
costs. This adjustment contributed to the depth of the 1991 reces-
sion, which was also due to a marked slowdown in global growth.
New Zealand’s annual inflation rate fell from 7.4 percent at the start
of 1990 to 2 percent two years later. Real GDP declined by 1.6 per-
cent in 1991, and the unemployment rate increased from just over 7
percent in 1990 to 11 percent at the start of 1992.

Nevertheless, New Zealand’s macroeconomic record before and
after the Reserve Bank Act came into effect indicates that its price
stability objective has been met without any diminution in our econ-
omy’s long-term growth rate. See figure 1. In the twenty years before
the Act, annual real GDP growth averaged 2.2 percent, while annual
inflation was volatile around an average of 11.4 percent. Since 1990,
annual inflation and real GDP growth have averaged 2.3 and 2.6 per-
cent, respectively, and there has been a marked decline in inflation
variability.

International experience points in the same direction. We see
this, for example, in the number of countries that now place the
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maintenance of low inflation at the core of their overall policy frame-
work  Even in countries where central banks face multiple statutory
objectives, the importance of the price stability goal as a precondi-
tion for reaching broader objectives is well accepted.

2. Low and Stable Inflation Expectations Increase
Monetary Policy’s Effectiveness

Like other central banks, the Reserve Bank pursues flexible inflation
targeting. This approach has been reflected more explicitly through
time in the Policy Targets Agreements—mnotably by emphasizing
that, in pursuing its price stability objective, the Bank “should seek
to avoid unnecessary instability in output, interest rates and the
exchange rate” (included as of the 1999 PTA), and in specifying the
inflation target as one to be met “on average over the medium term”
(included as of the 2002 PTA).

The effectiveness of monetary policy measures in influencing the
short-term path of variables in the real economy is linked closely to
policy credibility, which is reflected in the Bank’s record in achiev-
ing inflation goals and shaping expectations as to future inflation
outcomes. Stabilizing and anchoring inflation expectations close to
the price stability objective provides the Bank with greater freedom
in addressing inflation shocks and scope to take policy actions that
influence output and employment growth in the short term. This
means that if economic shocks or a monetary policy action result in
inflation moving outside its target range, wage and price setters will
expect it to return to its target band within an acceptable period.
Without this credibility, such shocks and policy actions would lead
mainly to variations in the rate of inflation—as we tended to see in
New Zealand in the past.

This flexible, medium-term approach to policy was drawn on at
the onset of the GFC, when the Bank lowered the Official Cash Rate
(OCR) by 575 points in 20089, even though headline inflation was
initially well above the target band. By focusing on the medium-term
inflation outlook, the policy stance was able to cushion the impact of

?Jahan (2012) states that in 2010, twenty-eight countries were inflation tar-
geting, using the consumer price index as their monetary policy goal. She reports
that several other central banks have adopted the main elements of inflation
targeting, and many others are moving towards it.
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the crisis. In a similar vein, the Bank “looked through” the October
2010 increase in the goods and services tax rate (from 12.5 percent
to 15 percent) because it believed it would have limited impact on
medium-term inflation expectations.

3. The Long-Term Path of the Real Exchange Rate Is
Unaffected by the Monetary Policy and Exchange
Rate Regimes

Monetary policy affects consumer and investor behavior through
many channels, including the cost of borrowing, the tolerance for risk
taking (which affects asset prices and borrowing capacity), expecta-
tions about future inflation, and movements in the exchange rate.
In a small open economy like New Zealand, the exchange rate is a
particularly important monetary policy transmission mechanism—
albeit one that is often stronger and less predictable than we would
wish. In recent years, New Zealand and many other economies have
experienced an appreciation in their real effective exchange rate,
driven in part by spillovers from the stimulative monetary policies
pursued by the major central banks B Despite a recent decline in the
nominal rate, the high level of New Zealand’s real effective exchange
rate remains unjustified and unsustainable.

Real exchange rate appreciations produce mixed results. They
benefit consumers by lowering inflation in the tradables sector; make
it cheaper for firms to import capital goods and new technologies;
and can thereby support growth in innovation and productivity. But
real appreciation can make life difficult for exporting and import-
competing firms, especially if they have little ability to adjust their
prices to compensate for exchange rate changes. And exchange rate
fluctuations impose significant uncertainties and costs on firms when
they are forced to exit and reenter markets due to changes in their
competitiveness.

Since the float of the New Zealand dollar in 1985, New Zealand
has experienced four major exchange rate cycles, including the
current cycle. Each cycle has been characterized by a significantly

3The real effective (or trade-weighted) exchange rate is a better measure of
overall competitiveness than the nominal exchange rate. It corrects the nominal
effective exchange rate for differences in relative prices (or relative unit labor
costs) between New Zealand and its major trading partners.
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Figure 2. New Zealand’s Real Effective Exchange Rate
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overvalued exchange rate, followed by an initial correction and then
a rapid depreciation. See figure 2.

While we recognize the pressures associated with exchange rate
overshooting, there is little the Bank can do to sustainably allevi-
ate an overvalued real exchange rate, whether through monetary
policy actions or the choice of exchange rate regime. New Zealand
has tried various exchange rate regimes over the past forty years,
including a fixed rate, crawling peg, and now a floating rate. We
have found, however, that the choice of regime has had little impact
on the medium-term level of the real effective exchange rate. Past
policy attempts to give the exchange rate more weight in monetary
policy decisions tended to generate more interest rate volatility, with
little lasting effect on the real exchange rate.

Instead, the appropriate policy response often lies elsewhere—
for example, through measures to improve domestic saving, boost
competiveness, and raise the growth rate of potential output. I will
take up these points next.

4. There Are Limits to What Monetary Policy Can Do:
Supportive Structural and Fiscal Policies Are Also
Needed

Monetary policy can complement but not substitute for other
policies that influence long-term economic performance, including
growth, employment, and the real exchange rate. Long-term growth
is primarily a function of the economy’s structural characteristics
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and policies, including the quality and quantity of labor and capi-
tal inputs available to the economy, coupled with the productivity
and innovation associated with their deployment. Similarly, the level
of employment over the long run reflects the characteristics of the
labor market, including skill levels, productivity, and institutional
practices.

Monetary policy cannot substitute for structural adjustment
policies, nor can it deliver “desired” long-term social equity or dis-
tributional outcomes. Such policy considerations often arise with
respect to the housing market. By influencing mortgage rates and
the demand for credit, monetary policy can affect the demand for
housing and thereby help ease imbalances in the market while hous-
ing supply is increased. But monetary policy cannot free up more
land constrained by zoning regulations, address procedural and pric-
ing issues around planning consents, or raise productivity in the
construction sector.

Fiscal policy also plays an important role in the economy’s long-
term performance. For example, a constrained fiscal stance can
help increase private saving, take pressure off interest rates and the
exchange rate, and provide the economy with a buffer against shocks
by restraining the buildup of public debt. The stance of fiscal pol-
icy also affects inflation expectations and investor judgments as to
the degree of coordination among policymakers over macroeconomic
policy.

New Zealand’s varied economic experiences over the last forty
years illustrate how policy choices interact to either hold back or
support long-term growth. The prolonged period of weak growth
that the economy experienced in the 1970s and 1980s was partly
triggered by terms-of-trade shocks, and especially the rapid rise in
international oil prices in the early 1970s and the decline in commod-
ity export prices. But the inflexibility of the New Zealand economy,
including its wage and price-setting practices and external trade con-
straints, hindered its capacity to counter these external pressures.
In these circumstances, fiscal and monetary policies were relatively
ineffective in preventing the slowdown. Instead, the main macroeco-
nomic legacy was a substantial rise in public debt and double-digit
inflation for most of the period from the mid-1970s to the late 1980s4

4Over 1974-84, gross public debt increased from 40 percent to close to 60
percent of GDP, and net debt rose from 4% to 30 percent of GDP.
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In contrast, reforms pursued since the mid-1980s—directed in
particular at macroeconomic stabilization and wide-ranging market
deregulation—increased the capacity of the economy to adjust and
grow in response to changing external and domestic conditions. For
example, the economy has responded well to the growing importance
of East and South Asia in international trade and investment, and in
recent years has withstood shocks such as the GFC, the Christchurch
earthquakes, drought, and the shifting global demand for our dairy
products and other commodities.

5. Monetary Policy Independence Requires a High Level
of Accountability and Transparency

The widespread move towards inflation targeting around the world
has been accompanied by reforms to increase central bank inde-
pendence. To counterbalance their greater independence, central
banks faced stronger demands for transparency and accountability—
to government, markets, and the public in general—over their policy
performance.

Transparency has two main dimensions. It enables governments
and the public to assess whether the Bank has met its objectives
and to hold it accountable. Transparency also increases the efficiency
and effectiveness of monetary policy by boosting its predictability.
Transparency is enhanced through regular publications such as the
Monetary Policy Statement and Financial Stability Report, through
publication of research and policy pieces, and through extensive
communications outreach. A recent international survey ranked New
Zealand second among 120 central banks for transparency.

Multiple checks and balances are in place to monitor the perfor-
mance of the Bank and hold the governor accountable. The Reserve
Bank Board meets nine times a year to monitor and provide over-
sight on the Bank’s operations and policy decisions, and the Bank’s
governors appear before the Finance and Expenditure Committee
seven times a year. There are numerous other accountability meas-
ures: for example, the Board can recommend that the minister of
finance remove the governor due to inadequate performance; the

5See Dincer and Eichengreen (2014).
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Bank must have regard for any policy direction issued by the min-
ister in relation to government policies; and the Bank places con-
siderable weight on communications and, as part of these, publishes
full economic projections, and since 1997, indicates an endogenous
interest rate path.

The Bank has a broader set of responsibilities than most cen-
tral banks, and although it has a single decision maker model, the
Governing Committee was established in 2013 to make major pol-
icy decisions. The committee comprises the four governors, and it
reviews all major monetary and financial policy matters falling under
the Bank’s responsibilities, including decisions on monetary policy,
foreign exchange intervention, liquidity management policy, pruden-
tial policy (both micro and macro), and other regulatory policies.
The governor retains a casting vote and, to date, formally retains
sole decision-making power. Several policy committees, each chaired
by a governor, provide advice to the Governing Committee.

The decision to establish the Governing Committee follows sim-
ilar moves by the Bank of Canada, which also has a single deci-
sion maker model for monetary policy under its legislation. There
is no evidence of the performance of the RBNZ, or other central
banks where the governor is formally accountable for policy deci-
sions, being any weaker or more volatile than that of central banks
where accountability rests with a committee. However, the Govern-
ing Committee functions very effectively, and the case for decision
making by committee rather than individuals is premised on the
relative strengths afforded by groups and the possible risk-reducing
attributes of group decision making.

6. Monetary Policy Needs to be Supported by Sound
Prudential Policies

With the onset of the GFC, the world again witnessed the destruc-
tive power of dysfunctional financial markets. Financial-sector insta-
bility can arise from many sources, including unrealistic expectations
as to the sustainability of future yields on financial assets, excessive
risk taking by investors, poorly designed macroeconomic and reg-
ulatory policies, and regional or global contagion associated with
failures in offshore financial systems.
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The GFC showed how negative externalities can arise when finan-
cial institutions take on excessive leverage and do not bear the full
cost of their activities. These externalities can have huge economic
and policy consequences. For example, more than six years after the
onset of the GFC, most of the advanced economies have policy rates
close to zero and the major central banks have undertaken around
US$7 trillion of quantitative easing. Although the Federal Reserve
has discontinued its bond purchase program, global quantitative eas-
ing in 2015 is expected to be greater than at any time since 2011.
Bank bailouts during the GFC have imposed enormous costs on tax-
payers (close to 30 percent of GDP in the case of Ireland) and at
home we saw the large fiscal costs associated with the support for
South Canterbury Finance.

Sound prudential policies relating to capital adequacy, liquidity
management, core funding, disclosure requirements, and stress test-
ing of balance sheets cannot always prevent financial crises and the
need for unconventional monetary policy, but they can lower the risk
of systemic failure.

7. The Emergence of Macroprudential Policy

One of the insights from the GFC was how rapidly instability could
develop even though an economy might be growing close to its
potential and be experiencing sound fiscal policy and price stability.

An environment of low interest rates, rising leverage, aggressive
competition among lending institutions, and a widespread search for
yield by investors usually translates quickly into rising asset prices—
especially when the global economy is growing at a rapid rate, as
was the case during 2003-7. When financial crises occur, asset valu-
ations decline, and the lower asset prices may be unable to support
the debt that financed their acquisition.

We are currently seeing considerable appreciation in asset prices
(including fixed-income securities, equities, and real estate) in many
countries as a result of extensive monetary accommodation and
investors aggressively searching for yield. Many central banks and
regulatory agencies have turned to macroprudential policies in an
attempt to reduce risks to financial stability, including those associ-
ated with an overheated housing market.
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In view of these concerns, the Reserve Bank introduced macro-
prudential policy in the form of speed limits on high loan-to-value
ratio (LVR) lending for existing residential property on October 1,
2013. House prices were already significantly overvalued based on
historical and international indicators and were accelerating rapidly
in Auckland and Christchurch (which account for around half of
the national market) and gaining considerable momentum in several
other regions. In addition, the ratio of household debt to household
disposable income at 156 percent was high, and banks were com-
peting aggressively to provide mortgages to borrowers with small
deposits.

Macroprudential policy requires policymakers to be clear about
its goals, the duration of the measures, and how such measures
might interact with monetary policy. These measures often com-
plement monetary policy when the real and financial cycles are in
sync (i.e., with a strong outlook for inflationary pressures and the
asset and credit cycle, or the opposite)ﬁ Although LVR speed lim-
its were introduced for financial stability purposes, they have been
an important consideration in our monetary policy assessment. We
believe the dampening impact of LVRs on house price inflation and
credit, and the diminished “wealth effects,” have reduced consumer
price inflation pressures by an amount similar to a 25- to 50-basis-
point increase in the OCR. The introduction of LVR restrictions
moderated excesses in the housing market, thereby enabling the
Bank to delay tightening interest rates and reducing the incentive
for further capital inflows into the New Zealand dollar in search of
higher returns.

The impact of LVRs will weaken over time, and they will be
eased when housing pressures moderate and the Bank is confident
that there will not be a resurgence in house price inflation. But the
Bank cannot prevent or control housing cycles. It can only hope
to influence the demand for mortgage lending and the availability
of credit, and buy time for the housing supply to increase. In the
end, the challenge of rising house prices needs to be met through
increases in housing supply. But this often requires other issues to be
addressed, such as the approval procedures around land-use decisions
and building consents, and other matters such as the tax treatment

6See Spencer (2014).



14 International Journal of Central Banking September 2015

of savings, the taxation of investment in real estate, and ways to
increase productivity and reduce costs in the building sector/]

8. Future Challenges

Considerable progress has been made in reducing inflation and low-
ering inflation expectations since the introduction of the RBNZ Act.
However, the implementation of monetary policy continues to pose
many challenges. These relate to the difficulties in fully understand-
ing economic linkages and assessing the need for and scale of policy
change. These policy judgments are particularly sensitive in light of
the significance of cross-border financial flows and their impact on
exchange rates and long-term interest rates.

As with many other central banks, the Reserve Bank developed
a quantitative structural model (a dynamic stochastic equilibrium
model) for forecasting purposes. However, irrespective of the com-
plexity of their models, all central bank models are at best rudimen-
tary in their capacity to model the financial sector and integrate it
into the real economy.

Policy judgments involve assessments of the rate of growth of
potential output and the output gap, and the extent to which
the current policy rate differs from the neutral rate (or the pol-
icy rate that is neither stimulatory nor contractionary). Although
the “rate of potential output growth” and “the neutral interest
rate” are critical for evaluating the need for policy adjustment, they
are model-based concepts and neither are observable. This means
that policymakers often need to “feel their way” through an interest
rate tightening phase, especially given uncertainties around the lags
before policy adjustments affect inflation and output.

Global forces can have an enormous influence on inflation and
other relative prices such as exchange rates and interest rates. Infla-
tion pressures have been moderated by structural changes in the
global economy such as the absorption of low-cost producers into the
global trading system; the dramatic reductions in the costs of pro-
cessing, storing, and transmitting information; falling capital goods

"Because investors’ mortgage interest payments are tax deductible and those
of an owner-occupier are not, investors face a lower cost of capital than owner-
occupiers.
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prices; new forms of competition (e.g., associated with online sell-
ing); and cost reductions associated with global supply chains. Pro-
ductivity growth tends also to be higher among producers serving
regional or global markets rather than domestic consumers only.

With integrated global capital markets, currency volatility and
movements in long-term interest rates can be heavily influenced
by cross-border transaction flows around capital movements, trade
financing, remittances and price arbitrage, and risk-transfer instru-
ments. Empirical studies show that changes in long-term interest
rates are highly correlated across countries. This means that cen-
tral banks operating in floating exchange rate regimes, particularly
in smaller countries, are significantly constrained in their ability to
run independent monetary policies. They can influence short-term
rates but cannot set their own long-term rates. Instead, international
investor activity has a greater influence over long-term ratesd We
see this at present. The Reserve Bank raised short-term rates dur-
ing the period from March to July 2014, but longer-term mortgage
rates have fallen as a result of the decline in long rates in the major
economies.

This means that macroprudential policies may need to be called
on to help prevent asset price booms and complement monetary
policy. But there is still much to be explored around the nature of
the interaction of monetary and macroprudential policies, the costs
and benefits of such interventions, and the circumstances where such
policy initiatives are likely to be successful. Particularly important
in this regard will be considerations as to how best to coordinate
monetary policy and macroprudential policy decisions when eco-
nomic and financial cycles are out of sync and the policies are not
complementary.

9. Concluding Comments

Monetary policy’s focus on price stability has played a vital role in
the more stable and responsive economic climate that has emerged
in New Zealand over the last twenty-five years. Under this climate,
the economy has been able to take advantage of new trading

8For excellent discussions on this, see Rey (2014) and Turner (2014).
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opportunities in Asia and elsewhere; there has been strong growth
in new sectors of activity—including in the information technol-
ogy area—and the economy has been resilient in the face of severe
external and domestic shocks, notably from the GFC and the
Christchurch earthquakes. Moreover, the ability of monetary pol-
icy to help offset short-term shocks to output and employment has
grown as inflation expectations have stabilized at a low level and as
policy credibility and transparency have increased. New Zealand is
not alone in these experiences: all major central banks now see price
stability as their main objective and the most important contribu-
tion they can make to stronger long-term economic performance.

While much has been achieved in these first twenty-five years
of the Reserve Bank Act, important issues and challenges remain.
The global economic environment remains difficult, we have experi-
enced rapid increases in house prices, and we face the longer-term
need to improve domestic productivity and savings and rein in the
economy’s external imbalances.

These global and domestic challenges serve as a reminder of what
can and cannot be achieved through monetary policy to counter
the sorts of pressures the economy may face in the years ahead.
For example, monetary policy is relatively powerless to offset the
spillovers that global economic and policy developments can impose
on our exchange rate and commodity export prices. But mone-
tary policy can complement structural and fiscal policies in sup-
porting the economy’s flexibility and adaptability, and help counter
short-term economic fluctuations. Moreover, recent financial-sector
reforms, including the new macroprudential policy framework, have
given the Bank additional tools for containing systemic risks and
promoting macroeconomic stability. There is still much to learn in
this area, including in the interactions between prudential and mon-
etary policies, but the Reserve Bank is now much better equipped
to help build a stronger and more resilient economy than we were
prior to 1991.
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Forward guidance about future policy settings, in the form
of a published policy rate path, has for many years been a
natural part of normal monetary policy for several central
banks, including the Reserve Bank of New Zealand and the
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lished policy rate path is examined, especially to what extent
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path) and to what extent market expectations line up with
the path after publication (the credibility of the path). The
recent Swedish experience is quite dramatic. In particular, it
shows a case with a large discrepancy between a high and ris-
ing Riksbank path and a low and falling market path, with the
market path providing a good forecast of the future policy rate.
The discrepancy is explained by the Riksbank’s leaning against
the wind in recent years and related circumstances. The New
Zealand experience is less dramatic but shows cases where the
market implements either a substantially tighter or easier pol-
icy than intended by the RBNZ. There are also cases of the
market being ahead of the RBNZ and the RBNZ later fol-
lowing the market. The U.S. experience includes a recent case
of the market expecting and implementing substantially eas-
ier policy consistent with the FOMC projections, the possible
explanation of which has been much discussed.
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1. Introduction

“Forward guidance” in monetary policy means providing some infor-
mation about future policy settings. In recent years, the Federal
Reserve, the Bank of Canada, the European Central Bank (ECB),
and the Bank of England have used different forms of forward guid-
ance. The forward guidance by these central banks was introduced
in the special context of a binding lower bound for the policy rate. It
has been used as a way of implementing more expansionary policy
when the policy rate has been restricted by a lower bound.

In contrast, for many years, some central banks have used for-
ward guidance as a natural part of their normal monetary policy.
This forward guidance has been in the specific form of a published
forecast for the interest rate, either the policy rate or a ninety-day
interest rate. The Reserve Bank of New Zealand (RBNZ) has pub-
lished a path for the ninety-day rate from 1997, Norges Bank for
the policy rate from 2005, Sveriges Riksbank and the Bank of Israel
for the policy rate from 2007, and the Czech National Bank for a
ninety-day rate from 2008. More recently, the Federal Reserve has
published a forecast for its policy rate from 2012, in the form of
the “dot plot” collecting individual Federal Open Market Commit-
tee (FOMC) participants’ judgment of the appropriate level of the
policy rate over three calendar years and the longer run.

In this paper, I look more closely at the Swedish, New Zealand,
and U.S. experience of publishing an interest rate path. In partic-
ular, by comparing the published interest rate path with market
expectations of future interest rates before and after the publication,
one may assess both the predictability of monetary policy—that is,
how well the market anticipated the new interest rate path—and
the credibility of the published interest rate path—that is, to what
extent the market expectations line up with the interest rate path
after publication. Furthermore, if after the publication market expec-
tations line up well with the published interest rate path, this indi-
cates that the actual financial conditions, given by the actual market
yield curve, are equal to the intended financial conditions, the yield
curve consistent with the published interest rate path. Then, mone-
tary policy is successful in managing expectations (Woodford 2005).

Regarding the predictability and credibility of the interest rate
path, the Swedish experience includes examples of both great
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successes and great failures. In particular, the paper examines the
circumstances of the great failure of September 2011, when the Riks-
bank announced a high and increasing policy rate path. It indicated
a rise in the policy rate by about 75 basis points over the next
six quarters. However, before and after the announcement, market
expectations indicated a fall of about 75 basis points over the next
six quarters. This was hence a situation when the published interest
rate path completely lacked credibility, and the actual financial con-
ditions were substantially easier than the intended ones. Ex post,
the market expectations were right and the Riksbank interest rate
path was wrong. The Riksbank actually lowered the policy rate by
100 basis points over the next six quarters. This failure is better
understood once the complex broader picture of Swedish monetary
policy at the time is explained. The Riksbank actually conducted a
very controversial and aggressive leaning against the wind [l Further-
more, although this was a failure in view of the intended monetary
policy, it was arguably not a failure in view of the rather weak econ-
omy, which very much needed the easy conditions delivered by the
market.

Regarding the predictability and credibility of the interest rate
path, the New Zealand experience of successes and failures is much
less dramatic. This is not strange given that New Zealand’s mon-
etary policy appears to have been better focused on achieving its
objectivesiq There are no failures of predictability and credibility of
the magnitude seen in Sweden. Still, I find a case when the actual
financial conditions are clearly tighter than the intended ones, and

'During my period as Deputy Governor and Executive Board member of the
Riksbank, I consistently dissented against this policy.

2However, the RBNZ arguably made a mistake in relying too much on a
monetary conditions index (MCI) in the late 1990s. At the invitation of New
Zealand’s Minister of Finance, I conducted a review of the operation of monetary
policy in New Zealand during the first ten years of inflation targeting (Svensson
2001). My overall conclusion was that “with regard to the operational framework
and how monetary policy is managed in pursuit of the inflation target, I have
found that the period (mid-1997 to March 1999) when the Reserve Bank used
an MCI to implement monetary policy represents a significant deviation from
best international practice. This has now been remedied, and monetary policy in
New Zealand is currently entirely consistent with the best international practice
of flexible inflation targeting, with a medium-term inflation target that avoids
unnecessary variability in output, interest rates and the exchange rate. Only
some marginal improvements, mostly of a technical nature, are recommended.”
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another when the actual financial conditions are substantially easier
than intended. In the latter case, the market seems to have been
ahead of the RBNZ, because the next published interest rate path
was shifted down substantially, making the new intended financial
conditions much easier and more or less in line with those previously
anticipated by the market.

The U.S. experience of a published policy rate path is short,
because it only started in January 2012. Furthermore, one must
keep in mind that the “path” is not the outcome of a joint commit-
tee decision. In this paper, as in most discussions of the FOMC’s
dot plot, the policy rate path is constructed as the median of the
FOMC participants’ individual assessments for each specified year.
But because the voters of the FOMC are a rotating subset of the
participants, the policy rate path constructed this way is not neces-
sarily the median of the voting participants’ assessment. Even if the
median of the voters’ assessments were known, it would not neces-
sarily be the case that a joint committee decision would correspond
to that median. This would depend on the dynamics of the deci-
sion process of the FOMC; for instance, the Chair’s assessment is
likely to carry more weight. These qualifications must be kept in
mind when the median policy rate path is used as an approxima-
tion to a joint FOMC decision. That said, during 2012 and 2013,
market expectations have been either a bit below or well aligned
with the FOMC policy rate path. For instance, the December 2013
policy rate path was very well anticipated by the market and highly
credible after publication. During 2014, however, market expecta-
tions of future policy rates have fallen increasingly below FOMC
participants’ policy rate paths, the possible reasons for which have
been much discussed and are further commented on below. Thus far
during the short U.S. experience, there is no case where the actual
financial conditions implemented by the market have been tighter
than what is consistent with the FOMC participants’ policy rate
path.

Section 2 discusses forward guidance as a special or normal part
of monetary policy and possible reasons why publication of an inter-
est rate path would be a normal part of monetary policy. Section 3
discusses the practical experience of forward guidance in Sweden, in
particular the large discrepancy between the Riksbank’s policy rate
path and market expectations of future policy rates in September
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2011. Section 4 discusses some specific aspects of the discrepancy of
September 2011, whereas section 5 discusses some broader aspects of
the Riksbank policy at the time. Section 6 discusses the much less
dramatic New Zealand experience, against the background of the
broader picture of monetary policy in New Zealand, very different
from that in Sweden. Section 7 discusses the short U.S. experience.
Section 8 concludes.

2. Forward Guidance as a Special or Normal Policy

In recent years, the Federal Reserve, the Bank of Canada, the ECB,
and the Bank of England have used different forms of verbal forward
guidance—meaning some information in policy statements about
future monetary policy settings in order to affect market expecta-
tions about future policy settings. The forward guidance by these
central banks was introduced in the context of a binding lower bound
for the policy rate. It has been used as a way of implementing a more
expansionary policy when the policy rate has been restricted by a
lower bound.

Forward guidance in the specific form of a published forecast
for the interest rate has been used by the Reserve Bank of New
Zealand from 1997, by Norges Bank from 2005, the Riksbank from
2007, the Bank of Israel from 2007, and the Czech National Bank
from 2008. That kind of forward guidance is a normal part of the
policy and communication of these central banks. These central
banks all pursue flexible inflation targeting, meaning that the objec-
tive of the policy is to stabilize both inflation targeting around an
announced inflation target and resource utilization around its long-
run sustainable rate[d More recently, in January 2012, the Federal
Reserve, with its “Statement on Longer-Run Goals and Monetary
Policy Strategy” (Federal Open Market Committee 2012a), became
a very transparent flexible inflation targeter. It also started to pub-
lish a forecast for its policy rate, in the specific form of a scatter

3In a public lecture at Victoria University, Wellington, given in the fall of 1997
(Svensson 1998), I argued that there was evidence from 1996-7 of the RBNZ being
a flexible inflation targeter (stabilizing both inflation and resource utilization)
rather than a strict inflation targeter (only concerned about stabilizing inflation,
regardless of the stability of the real economy).
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plot where each dot indicates the value of an individual FOMC par-
ticipant’s judgment of the appropriate level of the target federal
funds rate at the end of three calendar years and over the longer
run.

Which measure of resource utilization is most appropriate may
vary from economy to economy. For concreteness, I here use the
unemployment rate as the relevant measure of resource utilization.
At least in Sweden, the unemployment rate and the gap to an esti-
mated long-run sustainable rate are in my view a much more reliable
indicator of resource utilization than the output gap, which relies on
very shaky, arbitrary, and unverifiable estimates of potential output
(Svensson 2011). In New Zealand, the RBNZ uses the output gap as
the main measure of resource utilization. The Federal Reserve’s man-
date of promoting price stability and maximum employment makes
it natural that, as measures of resource utilization, it focuses on
the gap between employment and its assessment of the maximum
level of employment and the gap between unemployment and the
“longer-run normal rate of unemployment” (Federal Open Market
Committee 2012a).

There are several reasons why forward guidance in the form of
a published forecast for interest rate (a policy rate path or a path
for a market ninety-day rate consistent with the central bank policy
rate path) may be considered a natural part of a monetary policy in
the form of flexible inflation targeting:

o Transparency. Because the economy reacts with a lag to mon-
etary policy actions, monetary policy has to be guided by
central bank forecasts for inflation and unemployment. A
coherent forecast for inflation and unemployment requires a
forecast for the policy rate. Coherent flexible inflation target-
ing requires “forecast targeting,” that is, choosing a policy
rate path such that the corresponding forecasts for inflation
and unemployment “look good,” meaning that they best sta-
bilize both inflation around the target and unemployment
around its long-run sustainable rate. Because the policy rate
path is inherent in forecast targeting, transparency of pol-
icy requires the publication of forecasts for both the tar-
get variables (inflation and unemployment) and the policy
rate.



Vol. 11 No. S1 Forward Guidance 25

o [Effectiveness. A published policy rate should affect market
expectations of future policy rates and thereby the yield curve
and longer market rates that have an impact on economic
agents’ decision and this way contribute to a more effective
implementation of monetary policyE (The publishing of fore-
casts for inflation and unemployment should also affect the
expectations of those variables and contribute to a more effec-
tive implementation of policy; see Svensson and Woodford
2005).

o Informativeness. Generally, the central bank should have bet-
ter information about its plans for the future policy rate than
any other agent. A published policy rate path should therefore
provide useful information for the private sector and the public
authorities about future policy rates, which should contribute
to more informed decisions.

e Justification. Published forecasts for the policy rate, inflation,
and unemployment allow a transparent and coherent way of
justifying the policy choice by comparing the policy choice
with the policy alternatives.

o Accountability. Published forecasts for the policy rate, infla-
tion, and unemployment simplify an external evaluation of
monetary policy and thereby increase the accountability of
the central bank. They allow an external assessment of the
trade-off between target variables and the consistency of
the policy rate path with the forecasts for the target vari-
ables. If instruments other than the policy rate are also used,
such as those of balance sheet policies, logic and consis-
tency would demand the publication of forecasts for those as
well.

In earlier parts of their inflation-targeting years, many inflation-
targeting central banks assumed a constant policy rate path when
they constructed their inflation forecasts. The idea was that a con-
stant policy rate inflation forecast that overshoots (undershoots)

41f the central bank’s implementation of its monetary policy allows a substan-
tial difference between the central bank’s policy rate and the market overnight
rate, as has often been the case for the euro area, the relevant interest rate forecast
is really the forecast for the overnight rate.
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the inflation target at some horizon such as two years indicates
that the policy rate needs to be increased (decreased) (Jansson and
Vredin 2003; Vickers 1998). However, those central banks gradually
became aware of a number of problems with the assumption of con-
stant interest rates (Leitemo 2003; Woodford 2005). The assumption
may often be unrealistic and therefore imply biased forecasts, and
it may imply either explosive or indeterminate behavior in stan-
dard models of the transmission mechanism of monetary policy. In
particular, even if a constant interest rate inflation forecast is on
target at an appropriate horizon, it will typically overshoot or under-
shoot the target shortly after that horizon, meaning that the policy
rate will have to be adjusted soon, thus violating the assumption
of a constant future policy rate. This would make rational market
expectations deviate from the constant policy rate. Furthermore, the
forecasting process will use inputs such as asset prices that are con-
ditional on market expectations of future interest rates rather than
a constant interest rate and will therefore produce inconsistent and
difficult-to-interpret forecasts.

Some inflation-targeting central banks then moved to a policy
rate assumption equal to the market expectations of future inter-
est rates, as they can be extracted from explicit forward rates and
implied forward rates from the yield curve. This reduces the number
of problems mentioned above but does not eliminate them fully. For
instance, the central bank may have a view of the appropriate future
policy rate path that differs from that of the market.

The move to publishing the central bank’s own policy rate path
solves all the above problems only if the policy rate path is credible,
that is, if market expectations adjust to the policy rate path when it
is published. If not, this means that some inputs in the forecasting
process, such as the exchange rate and other asset prices, are still
not consistent with the published policy rate path, making the fore-
casts for inflation and unemployment inherently inconsistent. As we
shall see, this particular problem has been an issue in Sweden in the
last few yearsﬁ

®Gosselin, Lotz, and Wyplosz (2008) provide a theoretical analysis of trans-
parency and opaqueness of the central bank’s policy rate path. The pros and cons
of publishing a policy rate path are discussed in further detail in Svensson (2006,
2009) and Woodford (2005, 2007).
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Figure 1. The Riksbank Policy Rate and Policy Rate
Paths
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3. The Recent Swedish Experience of Forward Guidance

Figure 1 shows the Riksbank’s policy rate (the repo rate) and the
new policy rate path announced at each meeting, starting in Febru-
ary 2007 when the first policy rate path was published and ending
with the new policy rate path in July 2014, when the policy rate
was lowered from 0.75 percent to 0.25 percent. In October 2014,
the policy rate was lowered to 0 percent. The new policy rate path
(not shown) was shifted down to zero, with the first rise in the
beginning of 2016. In February 2015, the policy rate was lowered
to —0.1 percent, and in an extra policy meeting in March 2015, it
was lowered to —0.25 percent, with a statement that it was expected
to remain at that level at least until the second half of 2016 (not
shown).

The recent Swedish experience during and after the financial cri-
sis of 2008-9 provides an interesting case study of forward guidance
in the form of a published policy rate path. By comparing the pub-
lished policy rate path with market expectations of the future policy
rate—which I will call the market policy rate paths—before and after
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the publication, one may assess both the predictability of monetary
policy and the credibility of the policy rate pathﬁ

(i) Predictability. Ideally, monetary policy should be so pre-
dictable that markets anticipate the new central bank policy
rate path well. This should show up as the market policy rate
path the day before the publication of the new central bank
policy rate path being close to the published policy rate path.

(ii) Credibility. Furthermore, after the publication of the central
bank policy rate path, its credibility with the market should
ideally be so high that the market policy rate path shifts in
the direction of the path and lines up well with it.

Note that “credibility” here refers only to the extent to which
market expectations are in line with the published interest rate
path, regardless of whether the interest rate path is appropriate in
achieving the monetary policy objectives.

Figure 2 shows the Riksbank policy rate and the market policy
rate paths after the announcement of the new policy rate and policy
rate path.

The period from the start of the publication of the policy rate
path in February 2007 until July 2009 was relatively successful
regarding the predictability of policy and the credibility of the Riks-
bank policy rate path. In the fall of 2009 there was a period when
the market expected the policy rate to be raised earlier than the
published path implied. When the policy rate was raised, beginning
with the June 2010 meeting, the market expected the policy rate
to be raised at a slower pace than the published path. These cases
are discussed in more detail in Svensson (2009, 2010) and Woodford
(2012, 2013). Here I will focus on some recent problems.

Regarding predictability and credibility according to (i) and (ii)
above, the Riksbank has had both successes and great failures in

SMarket expectations of future policy rates are constructed at the Riksbank
as implied forward rate curves. They are adjusted by the Riksbank staff for
liquidity, credit, and term premia, so as to be the staff’s best estimate of mar-
ket expectations of future policy rates. Depending on the maturity, the implied
forward rates are derived from the rates for STINA (Tomorrow-Next Stibor
interest rate swaps) contracts, FRAs (forward rate agreements), or interest rate
swaps.
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Figure 2. The Riksbank Policy Rate and Market Policy
Rate Paths
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recent years. Figure 3 shows an example of a great success (panel A),
at the policy meeting in February 2009, and an example of a great
failure (panel B), at the policy meeting in September 2011. The
dashed gray line shows the Riksbank policy rate path from the pre-
vious decision, the dashed black line shows the published new policy
rate path, the solid gray line shows the market policy rate path the
day before the publication, and the solid black line shows the market
policy rate path after the announcement [

Figure 3A shows the very difficult situation at the meeting in
February 2009, in the middle of the 2008-9 crises. The Swedish econ-
omy was in a free fall, the policy rate was reduced by 1 percentage
point from 2 percent to 1 percent, and the Riksbank policy rate path
was shifted down even further. The market anticipated this dramatic
shift downwards quite well, and after the announcement, the market
policy rate path lined up even closer to the repo rate path.

Figure 3B shows the very different situation in September
2011, when the Riksbank announced a “postponement” of further

"Figures like figure 3 for all (regular) policy meetings from February 2007
through September 2014 are available on my website, http://larseosvensson.se.
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Figure 3. The Policy Rate, the Riksbank Policy Rate
Path, and the Market Policy Rate Path Before and After
the Announcement

A. February 2009

5 —Reporate 1°
Old repo rate path
4 F == New repo rate path 14
Day before
4 — Afterannouncement 43

12
1 F 11
0F 10
1 z L L L L A z A z A 1
06 07 08 09 10 11 12 13 14 15 16

B. September 2011
5T —Reporate 1°

Old repo rate path
a | -=--New repo rate path ] 4

Day before

—Afterannouncement

3 43
2 4 2
1 411
0 40
-1 -1

06 07 08 09 10 11 12 13 14 15 16

Source: The Riksbank.



Vol. 11 No. S1 Forward Guidance 31

increases in the policy rate and the steeply rising policy rate path
was shifted somewhat to the right. The discrepancy between the
Riksbank path and the market path was exceptionally large. The
Riksbank path indicated a rise in the policy rate by about 75 basis
points over the next six quarters. The market path was not affected
by the announcement and indicated a fall of about 75 basis points
over the next six quarters, both before and after the announcement.
Ex post, the market policy rate path was right and the Riksbank pol-
icy rate path was wrong. The Riksbank actually lowered the policy
rate by 100 basis points over the next six quarters

Thus, in September 2011, the Riksbank policy rate path com-
pletely lacked credibility. The market apparently found the Riks-
bank path to be completely irrelevant. The market path did not
move when the new Riksbank path was published. Furthermore, the
market was predicting the actual future policy rate path quite well.
The market apparently had a much better idea of what the Riks-
bank would be doing in the future than what the Riksbank itself
communicated. The Riksbank policy rate path had apparently lost
touch with reality.

The exceptionally large discrepancy between the Riksbank’s pol-
icy rate path and the market expectations, as well as the fact that
the market was much better at predicting the policy rate for the next
two years, warrants some closer study. What were the consequences
of such a discrepancy between market expectations and the policy
rate path? How does the discrepancy relate to the broader picture
of monetary policy in Sweden at the time? What can explain such
an unrealistic policy rate path?

4. What Were the Consequences of the September 2011
Discrepancy?

In order to understand the consequences of the discrepancy between
market expectations and the policy rate path, we need to note
another discrepancy, namely that between the Riksbank forecast for
foreign policy rates and the market expectations of future foreign
policy rates. This is something that was discussed at several policy

8The September 2011 case is further discussed in Woodford (2013).
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Figure 4. Riksbank and Market Policy Rate Paths,
Riksbank Forecast for Foreign Policy Rates, and Market
Expectations of Foreign Policy Rates, September 2011
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Source: Sveriges Riksbank (2011, figure 1).

meetings, including the September 2011 meeting (Sveriges Riksbank
2011)Bg

In figure 4 below (Sveriges Riksbank 2011, figure 1), the solid
gray line shows the Riksbank forecast for (TCW-weighted) foreign
policy rates, whereas the dashed gray line shows (TCW-weighted)
market expectations of foreign policy rates, extended to a five-year
horizon[!d We see that the Riksbank forecast is considerably above
market expectations. The solid and dashed black lines in the figure
show the Riksbank and market policy rate paths from figure 3B
extended to a five-year horizon.

9The Riksbank’s published minutes from the policy meetings are attributed
and provide—at least for the meetings that I have attended myself—a correct and
detailed record of the discussions at the meetings (including figures and tables
that I brought to the meetings).

"The TCW index (Total Competitiveness Weights) is a geometric index. Tts
weights are based on the average aggregate flows of processed goods for twenty-
one countries. The weights take into account exports and imports, as well as
third-country effects. They are calculated by the International Monetary Fund.
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Figure 5. Actual Swedish and Foreign Yield Curves
and Yield Curves Consistent with Riksbank

Forecasts
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Source: Sveriges Riksbank (2011, figure 2).

The big discrepancy between the Riksbank path and the market
path shown in figures 3B and 4 means that the market yield curve
consistent with the market policy rate path was very different from
the yield curve consistent with a credible Riksbank policy rate path.
The discrepancy between the Riksbank forecast for foreign policy
rates and the market expectations of foreign policy rates also means
that the market yield curve for foreign interest rates was quite dif-
ferent from the yield curve consistent with the Riksbank forecast.
This is illustrated in figure 5 (Sveriges Riksbank 2011, figure 2). The
dashed black line shows the Swedish market yield curve, whereas the
solid black line shows the yield curve consistent with a credible Riks-
bank policy rate path, both extended to a five-year maturity. The
dashed gray line shows the foreign market yield curve, whereas the
solid gray line shows the yield curve consistent with the Riksbank
forecast for foreign policy rates.

In figure 5 it can be seen that a Swedish five-year market interest
rate (that is, maturing in September 2016) was just over 1.5 percent.
But the five-year interest rate compatible with the Riksbank policy
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rate path was about 3.2 percent, which is to say about 1.7 percentage
points higher Furthermore, the foreign five-year market interest
rate was about 1.3 percent whereas the foreign five-year interest rate
consistent with the Riksbank forecast was about 2.3 percent, that
is, about 1 percentage point higher.

These discrepancies mean that the Riksbank forecast for inflation
and unemployment was inherently inconsistent. The Swedish and
foreign financial conditions assumed in the forecast and the mod-
els used to construct the forecast for inflation and unemployment
were much tighter than the actual Swedish and foreign financial
conditions. But inputs such as the exchange rate and other asset
prices that are used in the forecast were conditional on the market’s
lower Swedish and foreign yield curves, not on the Riksbank’s higher
forecasts of the Swedish and foreign policy rates.

In particular, we realize that the Riksbank forecast for foreign
policy rates had the effect of supporting a higher policy rate path.
Suppose that the forecast for foreign policy rates had been shifted
down to equal the market expectations of foreign policy rates, that
is, shifted down from the solid gray to the dashed gray line in
figure 4. For an unchanged Riksbank policy rate path, the forecasted
interest rate differential between Swedish and foreign interest rates
would have increased. This would have induced a forecast of a much
stronger Swedish krona, which would have caused forecasted export
and employment as well as the forecasted import price inflation to
shift down. Then the forecast for inflation would also have shifted
downwards, and that for unemployment would have shifted upwards.
Everything else equal, there would have been a strong case for the
policy rate and policy rate path to be shifted downwards. Such a
shift down in the policy rate and policy rate path would have coun-
tered these shifts in the forecasts for inflation and unemployment
and resulted in forecasts for inflation and unemployment that bet-
ter stabilized inflation around the target and unemployment around
its long-run sustainable rate.

Thus, everything else equal, the high forecast for foreign pol-
icy rates served to shift the inflation forecast upwards and shift the

" The yield curve consistent with a credible repo rate path is adjusted for
normal liquidity, credit, and term premia.
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Figure 6. Riksbank CPI Forecasts during 2011 and 2012
and the Outcome
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Source: Statistics Sweden and the Riksbank (figure 2.6 of Sveriges Riksbank
2014a).

Notes: The gray and black thin lines show the Riksbank’s forecasts 2011-12.
The marks show the starting point of each forecast and may therefore deviate
from the latest outcome at that point in time.

unemployment forecast downwards, thereby supporting a high policy
rate path.

That Riksbank inflation forecasts became strongly biased
upwards is apparent from figure 6. It shows the Riksbank’s CPI
inflation forecasts during 2011 and 2012 and the actual outcome of
CPI inflation.

Obviously, the market did not agree with either the high fore-
cast for foreign policy rates or the high policy rate path. The market
apparently realized that the Riksbank’s high policy rate path would
bring too strong a krona, with the above consequences, and force the
Riksbank to adjust its policy. In discussions that I had with market
participants at the time, they indeed did express such views.

As noted, the big discrepancy between the market yield curve
and the yield curve consistent with the policy rate path in figure
4 means that the actual financial conditions in the Swedish econ-
omy were much easier in September 2011 than if the policy rate
path had become credible, what one may call the intended financial
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conditions. Suppose that the market had suddenly started to believe
in the high policy rate path. That is, assume that the market policy
rate path, the dashed black line in figure 4, had shifted up to the solid
black line. This means that the dashed black yield curve in figure 5
would have shifted up to the solid black yield curve, which means
that a five-year interest rate would have increased by 1.7 percent-
age points, and the krona would have appreciated considerably. As I
argued at the September 2011 meeting (Sveriges Riksbank 2011), it
would have been a devastating shock to the Swedish economy if the
Riksbank policy rate path had suddenly become credible. It seems
that it was the economy’s good luck that the Riksbank policy rate
path lacked credibility

5. The Broader Picture of Swedish Monetary Policy

The September 2011 decision and policy rate path were part of a
bigger picture. In the summer of 2010, the Riksbank had started a
period of policy tightening, in spite of a low forecast for inflation
and a high forecast for unemployment. This is discussed in detail
in Svensson (2011, 2013). It led to CPI inflation dropping to zero
and the unemployment rate getting stuck at around 8 percent. Both
ex ante and ex post, the policy tightening appears to have been
premature.

As can be seen in figure 7, CPI inflation has actually systemat-
ically undershot the inflation target in Sweden since the target of
2 percent CPI inflation started to apply in 1995. In spite of this,
inflation expectations, including those of the social parties, have
been anchored at the target, as can be seen in figure 8. As dis-
cussed in detail in Svensson (2015b), the fact that average infla-
tion has undershot the target and inflation expectations has led
to about 0.8 percentage point higher average unemployment dur-
ing 1997-2011, compared to if average inflation had equaled the
target.

As discussed in Svensson (2014), according to a counterfactual
experiment with the help of the Riksbank’s main DSGE model,

12The consequences of the market implementing more expansionary financial
conditions than what is consistent with the policy rate path and apparently
intended by the Riksbank are also discussed in Svensson (2011).
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Figure 7. Annual CPI Inflation, Five-Year Moving
Averages, and Average from 1995, Sweden
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Source: Statistics Sweden.

Ramses, the aggressive leaning against the wind starting in the sum-
mer of 2010 has led to unemployment being about 1.2 percentage
point higher in 2013 compared to if the policy rate had been kept
unchanged at 0.25 percent from the summer of 2010. The solid black
line in figure 9 shows the unemployment rate in Sweden, which has
stayed up at around 8 percent after the tightening in 2010-11. The
dashed black line shows how unemployment would have developed
according to the counterfactual experiment.

The main reason for the leaning against the wind was concerns
about increased risks associated with household debt, although this
was not expressed very clearly until later. In the press release of July
1, 2010 (with the June 30 policy decision; Riksbank policy decisions
are announced the day after the meeting), there is a paragraph with
a somewhat cryptic reference to household debt:

Inflationary pressures are currently low, but are expected to
increase as economic activity strengthens. The repo rate now
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Figure 8. CPI Inflation and Inflation Expectations
Two Years from Now, Sweden
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Source: Statistics Sweden and TNS Sifo Prospera.

Notes: Inflation expectations refer to expectations of annual inflation two years
from now of all interviewees of the TNS Sifo Prospera survey commissioned by
the Riksbank.

needs to be raised gradually towards more normal levels to
attain the inflation target of 2 per cent and at the same time
ensure stable growth in the real economy. The Executive Board
of the Riksbank has therefore decided to raise the repo rate by
0.25 of a percentage point to 0.5 per cent. Another factor is
that household indebtedness has increased significantly in recent
years. (Sveriges Riksbank 2010c, italics added)

However, the inflation forecast in the July 2010 Monetary Policy
Report (Sveriges Riksbank 2010b) actually shows the CPIF inflation
forecast (CPIF inflation is CPI inflation for unchanged mortgage
rates) falling significantly below the inflation target except towards
the end of the forecasting period when it hits the inflation target
from below. The unemployment forecast was high and much above
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Figure 9. Unemployment in Sweden and New Zealand
and Counterfactual Unemployment in Sweden for a Low
Policy Rate
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Source: Datastream and own calculations.

Notes: Low policy rate refers to a counterfactual experiment with the Riksbank’s
main DSGE model, Ramses, with an assumption of a policy rate at 0.25 percent
from June/July 2010.

the Riksbank’s estimate of a long-run sustainable rate. Also, one
could argue that GDP growth needed to be much above normal to
remedy the large fall in output during the crisis.

Furthermore, the minutes from the June 30 meeting indicate the
following statements by Governor Ingves:

Mr Ingves further said that an interest rate increase was also a
signal to avoid new financial imbalances from building up and
that household indebtedness ought not to rise too much. Mr
Ingves pointed out that this was something he had noted on
several earlier occasions. A low interest rate for too long could
lead to a troublesome situation beyond the forecast horizon as
a result of a credit expansion. It is of course difficult to measure
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when house prices and the debt/equity ratio are reaching exces-
sively high levels. But this does not mean it is less important
to take them into account in monetary policy. By the time we
know all the facts, it is often too late to slow down develop-
ments, and this often results in large costs to society. (Sveriges
Riksbank 2010a, p. 18, italics added)

Thus, a higher policy rate (and a higher policy rate path) could
be seen as a warning signal to households about their debt. The
majority of the Executive Board that supported Ingves in this deci-
sion was arguably considering a high policy rate more or less an inde-
pendent target for monetary policy besides inflation and resource
utilization. One can say that the majority put more weight on nor-
malizing the policy rate than on normalizing inflation and unem-
ployment.

However, according to estimates later published by the Riks-
bank (Sveriges Riksbank 2014b), the policy rate effect on real debt
and the debt-to-income ratio is very small, not significantly different
from zero, and there is no evidence of any long-run effect. As dis-
cussed in detail in Svensson (2015a), with these estimates and those
of Flodén (2014) and Schularick and Taylor (2012), one can show
that the benefits of a higher policy rate, in terms of lower expected
future unemployment because of a lower probability of a future crisis
and a less deep crisis if it would occur, are about 0.4 percent of the
cost in terms of higher unemployment the next few years. Thus, the
benefits are completely insignificant compared to the costs. For the
policy to be justified, the benefits should of course have been more
than 100 percent of the cost.

In addition, in the last three years, the price level has fallen
about 6 percent below what households have expected, substantially
increasing the households’ real debt burden and arguably increas-
ing rather than decreasing any risks associated with household debt
(Svensson 2015a).

6. The New Zealand Experience

The RBNZ has the longest experience of publishing a forecast for
the interest rate, in this case the ninety-day rate, from June 1997.
Figure 10 shows the RBNZ policy rate (the Official Cash Rate, or
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Figure 10. The RBNZ Policy Rate, the Ninety-Day Rate,
and the RBNZ Ninety-Day Paths, 1999:Q1-2014:Q3
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OCR), the ninety-day rate, and the RBNZ ninety-day paths from
1999:Q1 to 2014:Q3

Figure 11 shows the policy rate and market policy rate paths
(market expectations of future policy rates) from 2004:Q1 to
2014:Q3.

The New Zealand experience of successes and failures regarding
predictability and credibility is not at all as dramatic as the Swedish
one. In particular, there are no failures of the same magnitude as
the Swedish September 2011 one. This is not surprising, because the
broader picture of monetary policy in New Zealand is quite different
from that for Sweden.

13The RBNZ’s publication of its policy instrument has led to some lively debate
in the academic and policy circles (Andersson and Hofmann 2009, Archer 2005).
Moessner and Nelson (2008), one of the earliest empirical studies of the RBNZ’s
interest rate path, found a statistically significant impact of the RBNZ forecasts
on market interest rates. Detmers and Nautz (2012) extends on Moessner and
Nelson (2008) and found that the information content of interest rate projec-
tions depends on the forecast horizon and on the degree of uncertainty about the
economic outlook. Bergstrom and Karagedikli (2013) found that as long as the
economic agents interpret the forecasts by the RBNZ as conditional forecasts as
opposed to commitments, the RBNZ forecasts help them improve their forecasts
for other macro variables.
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Figure 11. The RBNZ Policy Rate and Market Policy
Rate Paths, 2004:Q1-2014:Q3
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Figure 12 shows CPI inflation, a five-year trailing moving aver-
age, and the target midpoint (the midpoint of the target range).
The inflation target was changed from 0-2 percent to 0-3 percent
in December 1996, and again to 1-3 percent in September 2002,
shifting the target midpoint accordingly.

Whereas inflation systematically undershot the target in Swe-
den, in New Zealand it has been a bit on the high side. We see this
more clearly in figure 13, where I show the deviation from the target
midpoint, a five-year trailing moving average, and the average from
1992, two years after the target was starting to apply. As we can
see, inflation has on average overshot the target midpoint by about
half a percentage point.

In Sweden, as mentioned, inflation expectations have been
anchored at the target, in spite of inflation on average undershoot-
ing the target. Svensson (2015b) shows that this has led to higher
average unemployment than if inflation had on average equaled the
target. If inflation expectations in New Zealand had been anchored
at the target midpoint, by the same logic we might have seen average
unemployment actually being lower than if inflation had on average
equaled the target midpoint. However, as is apparent from figure
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Figure 12. Inflation, Five-Year Moving Average
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Figure 13. Inflation Deviation from Target Midpoint,
Five-Year Moving Averages, and Average from 1992,
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Figure 14. CPI Inflation and Inflation Expectations Two
Years from Now and Five-Year Moving Averages,
New Zealand
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14, five-year moving averages of inflation expectations do not devi-
ate much from those of inflation, so given this, there is no reason to
expect any impact on average unemployment from inflation over-
shooting the target. In other words, this indicates that inflation
expectations have adjusted to make the long-run Phillips curve ver-
tical for New Zealand, in contrast to what I have shown during
1997-2011 for Sweden in Svensson (2015b).

However, we do see inflation undershooting the target mid-
point during the last few years, although much less than in Swe-
den. Furthermore, figure 9 indicates that the unemployment perfor-
mance is better in New Zealand, and in particular unemployment
has come down recently whereas it has stayed up much higher in
Sweden.

Before looking at some specific dates, we might note that the
comparison of the new RBNZ ninety-day path and the market policy
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rate paths is complicated by the circumstance that the latter refers
to market expectations of the policy rate, the Official Cash Rate. The
average ninety-day rate during the period 1999:Q1 to 2014:Q3 is 0.24
percentage points higher than the average policy rate. This might be
interpreted as a rough estimate of an average ninety-day premium
over the OCR. According to the pure expectations hypothesis, the
ninety-day rate should equal a leading ninety-day moving average of
the expected policy rate. This means that the ninety-day rate should
exceed the policy rate by more (less) if the policy rate is expected to
rise (fall) over the next ninety days. Taking into account the average
premium, the spread between the ninety-day rate and the policy rate
would then exceed or fall short of 0.24 percentage points according
to whether the market policy rate is upward or downward sloping.
As we see in figure 10, the spread indeed seems to be on average
larger when the policy rate is rising than when it is falling.

Furthermore, the comparison between the new and old policy
rate path is not as straightforward as in the Riksbank case. This is
because the RBNZ publishes a ninety-day path only after every sec-
ond of its eight meetings per year, whereas the Riksbank publishes
a policy rate path after each of its six meetings per year. Thus, the
shift from the old to the new RBNZ ninety-day path is less infor-
mative in the New Zealand comparison, and it is difficult to assess
how much of this shift was implicit at the previous meeting when
no path was published.

If we look at some specific dates, figure 15, from March 2005, is an
example of a relative success, I believe. The RBNZ had in January
2005 kept its policy rate unchanged at 6.5 percent. In March, it
increased the policy rate by 0.25 percentage points to 6.75 percent
and shifted up the relatively flat ninety-day path relative to the path
it had published in December[14

We see from the solid gray line that the increase in the policy
rate and the new ninety-day path was relatively well anticipated.
After the announcement, the market policy rate shifted up a little,
remaining roughly parallel to the new ninety-day path, indicating
relatively good credibility of the ninety-day path.

Figure 16 shows another example under the difficult circum-
stances in the beginning of the global financial crises, somewhat

YFigures like figure 15 for each quarter from March 2004 through March 2014
are available on my website, http://larseosvensson.se.
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Figure 15. The Policy Rate, the Ninety-Day Rate, the
New and Old Ninety-Day Path, and the Market Policy
Rate Paths Before and After the Announcement,
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similar to the Riksbank experience in figure 3A. The RBNZ had
lowered the policy rate by 1.5 percentage points from 5 to 3.5 per-
cent in January 2009 (without publishing a new policy rate path). In
March, it lowered the policy rate by another 0.5 percentage points to
3 percent, and published a new ninety-day path. The solid gray line
shows that this was well anticipated, although the market might
have anticipated a somewhat larger cut. After the announcement,
the market policy rate path shifted up a bit, indicating reasonably
good credibility of the new ninety-day path.

Figure 17, from December 2009, shows an example where, before
and after the announcement, the market policy rate path indicates
tighter policy than the RBNZ ninety-day path. Because the mar-
ket policy rate path is upward sloping, the corresponding market
ninety-day path (the path of market expectations of future ninety-
day rates) would be more than 0.24 percentage points above the
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Figure 16. The Policy Rate, the Ninety-Day Rate, the
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Figure 17. The Policy Rate, the Ninety-Day Rate, the
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Figure 18. The Policy Rate, the Ninety-Day Rate, the
New and Old Ninety-Day Path, and the Market Policy
Rate Paths Before and After the Announcement,
December 2011
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market policy rate path, putting it significantly above the RBNZ
ninety-day path. Thus, on this occasion, the actual financial condi-
tions were substantially tighter than the intended ones.

Figure 18, from December 2011, gives an example of how the
published ninety-day path has low credibility and that the actual
financial conditions are much easier than the intended ones. Fur-
thermore, figure 19 shows that the market seemed to anticipate quite
well that a lower policy rate path and easier intended policy would
be implemented in March 2012. During this time, all the action was
in the RBNZ ninety-day path and market policy rate paths, because
the policy rate was kept unchanged at 2.5 percent.

In figure 20, from December 2013, we again see an example of the
RBNZ ninety-day path being well anticipated before the announce-
ment and quite credible after the announcement.
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Figure 19. The Policy Rate, the Ninety-Day Rate, the
New and Old Ninety-Day Path, and the Market Policy
Rate Paths Before and After the Announcement,

March 2012
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Figure 20. The Policy Rate, the Ninety-Day Rate, the
New and Old Ninety-Day Path, and the Market Policy
Rate Paths Before and After the announcement,
December 2013
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7. The U.S. Experience

The FOMC has used verbal forward guidance about its likely future
policy settings at various times in the past. As discussed by Williams
(2012), in the summer of 2011 that forward guidance became more
explicitly a tool to influence expectations of the future path of the
policy rate and thereby longer-term interest rates and financial con-
ditions. As an example, in August 2011, the FOMC stated that
it “anticipates that economic conditions . . . are likely to warrant
exceptionally low levels for the federal funds rate at least through
mid-2013.” This statement thus communicated that the FOMC was
likely to keep the federal funds rate near zero for at least another two
years, longer than many private-sector economists had been think-
ing. As a result, longer-term Treasury yields fell between 0.1 and 0.2
percentage points, a substantial fall.

In January 2012, the FOMC started to provide more specific
information about FOMC participants’ assessments of the appropri-
ate future policy rate setting, in the form of the dot plot in the
Summary of Economic Projections (SEP) (Federal Open Market
Committee 2012b, figure 2, lower panel). It is shown in figure 21
(the dashed black line has been added and is discussed below). Each
dot in the lower panel indicates the value (rounded to the nearest
1/4 percent) of an individual FOMC participant’s judgment of the
appropriate level of the target federal funds rate at the end of the
specified calendar year or over the longer run. In figure 2 in the
SEP, the upper panel (not shown in figure 21) shows the number
of FOMC participants who judge that, under appropriate mone-
tary policy and in the absence of further shocks to the economy,
the first increase in the target federal funds rate from its current
range of 0 to 1/4 percent will occur in the specified calendar year.
This upper panel shows that the median of the participants’ assess-
ments in January 2012 of the date of the first rate increase was
sometime in 2014. From this information and the dot plot, one can
construct the participants’ median policy rate path as the dashed
black line in figure 21. One can interpret this policy rate path as the
result of a hypothetical simultaneous vote among the participants
about the appropriate federal funds target at the end of each spec-
ified year. Furthermore, I let the median of the assessments of the
date of the first rate increase in 2014 be represented by an assumed
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Figure 21. The FOMC Participants’ Assessment of
Appropriate Monetary Policy and Their Median Policy
Rate Path, January 2012
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such date in mid-2014. (Note that the year labels on the horizontal
axis in figure 21 refer to the end of the specified year, so mid-2014
corresponds to a point between the labels 2013 and 2014 in the
figure.)

The FOMC participants consist of the Federal Reserve Board
members and the twelve Federal Reserve Bank presidents. The
FOMC members consist of the voting subset of the FOMC par-
ticipants, that is, the Federal Reserve Board members and the seven
voting Federal Reserve Bank presidents. The median of the mem-
bers’ assessments is arguably more relevant for actual policy deci-
sions than the median of the participants’ assessment. Furthermore,
one may want to take into account the fact that different Federal
Reserve Bank presidents vote each year. However, the information
in the dot plot does not allow the median of the members’ assess-
ment to be calculated. A study of FOMC participants’ speeches
and announcements would allow several of the dots to be associated
with specific members and go some way towards the calculation of
the median of members’ assessment. Furthermore, some members’
votes, in particular the Chair’s, may carry more weight than the
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other votes. A further refinement could take that into account, if
the corresponding dots could be identified.

Furthermore, the dot plot reports the FOMC participants’ indi-
vidual assessments of the appropriate future policy rate setting, not
the committee’s joint assessment [19 Similarly, the plots with real
GDP growth, unemployment, and personal consumption expendi-
tures (PCE) inflation in the SEP report the central tendencies and
ranges of each participant’s individual projection based on his or
her assessment of the appropriate monetary policy. Thus, the SEP
does not report a joint committee forecast of inflation, unemploy-
ment, and the policy rate similar to the forecasts reported by the
Riksbank or the RBNZ. This obviously means that the median pro-
jections of inflation, unemployment, and the policy rate in the SEP
may be less internally consistent than the forecasts reported by the
Riksbank and the RBNZ.

Figure 22 shows the federal funds target (plotted at 0.25 percent,
the upper limit of the range 0 to 0.25 percent) up to early 2015, the
policy rate path of January 2012 constructed as above, and the mar-
ket policy rate paths the day before and after the announcement.
(Note that the year labels on the horizontal axis in figure 22 refer to
the beginning of the specified year, so mid-2014 here corresponds to
a point between the labels 2014 and 2015 in the figure.) The market
policy rate paths are constructed from overnight index swaps (OIS)
rates for the end of the specified year. We see that this first dot plot
of January 2012 implies a median policy rate path that was reason-
ably well anticipated by the market and reasonably credible with
the market after the announcement !9

After this January 2012 publication, the FOMC have published
these dot plots in the SEP in March, June, September, and Decem-
ber each year—that is, five plots in 2012 and four plots per year
thereafter. An examination of the policy rate paths and the market
policy rate paths before and after the announcement show that up
through March 2013, the market expectations for the policy rate

15 Also, because the dots in the dot plot are not connected, the dot plot does
not report each participant’s assessment of the appropriate path of the policy
rate, only the appropriate separate level at the end of each year.

'%See Bauer and Rudebusch (2014) for estimates of the market expectations of
the date of the first rate increase.
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Figure 22. The Federal Funds Target, the FOMC Policy
Rate Path, and the Market Policy Rate Path Before and
After the Announcement, January 2012
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Source: Bloomberg, Haver Analytics, and own calculations.

at the end of 2015 were somewhat below the FOMC median policy
rate[l] After the so-called taper tantrum in May 2013, market expec-
tations shifted up and were well aligned with the policy rate path
from June through December 2013. Figure 23 shows the new FOMC
policy rate path and the market policy rate paths before and after
the announcement in December 2013 as well as the old policy rate
path of September 2013. The market anticipated the new policy
rate path very well and the new policy rate was highly credible after
publication.

In March 2014, the policy rate path was shifted up, but mar-
ket expectations stayed lower than the policy rate path. This dis-
crepancy between the FOMC’s median policy rate path and market

"Figures like figure 22 for all publication dates from January 2012 through
March 2015 are available on my website, http://larseosvensson.se.
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Figure 23. The Federal Funds Target, the New and Old
FOMC Policy Rate Path, and the Market Policy Rate
Path Before and After the Announcement, December 2013
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Source: Bloomberg, Haver Analytics, and own calculations.

expectations increased over the year and was quite large at the end
of the year, in December 2014, as is shown in figure 249

As we can see, the December 2014 FOMC policy rate path
reached a little above 3.5 percent at the end of 2017, whereas the
OIS rate for the end of 2017 was a little below 2 percent, more
than 150 basis points below the FOMC policy rate path. This
large discrepancy between the participants’ median policy rate path
and the market policy rate path has been much noted and dis-
cussed recently (for instance, Christensen and Kwan 2014, Dud-
ley 2015, Fleming and MacKenzie 2015, Wessel 2015, and Yellen
2015).

18From September 2014, the participants’ assessments in the dot plot are
rounded to the nearest 1/8 percent instead of the nearest 1/4 percent, making
the policy rate start at 1/8 percent instead of 1/4 percent.
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Figure 24. The Federal Funds Target, the New and Old
FOMC Policy Rate Path, and the Market Policy Rate
Path Before and After the Announcement, December 2014
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Source: Bloomberg, Haver Analytics, and own calculations.

Possible explanations suggested for the discrepancy include that
the market may judge that some of the highest dots belong to non-
voting participants and that the Chair’s arguably more weighty dots
may be below the median.

Figure 25 shows the December 2014 dot plot together with the
median policy rate path and the market policy rate path as of
December 2014 (the paths are plotted under the convention that
the location of the year labels corresponds to the end of the spec-
ified year, so mid-2014 corresponds to the midpoint between the
labels 2014 and 2015). We see that all dots for the end of 2017
except the lowest dot lie well above the market expectations (the
OIS rate in December 2014 after publication, for the end of 2017).
Thus, the discrepancy cannot be explained by the market inferring
that the median of the voting members’ assessments would be lower
than that of the participants’ assessments, or that a weighted median
with more weight for the Chair would be lower (except in the extreme
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Figure 25. The FOMC Participants’ Assessment of
Appropriate Monetary Policy, Their Median Policy Rate
Path, and the Market Policy Rate Path after the
Announcement, December 2014

2014 2015 2016 017 Longer run

Source: Bloomberg, the FOMC, and own calculation.

case that the lowest dot is considered to be the Chair’s and all the
weight is given to that one).

It may also be the case that the market is more pessimistic about
the outlook for the U.S. economy than the FOMC participants,
or that the market’s estimate of the neutral (natural, equilibrium)
interest rate is lower than the FOMC participants’. Federal Reserve
Board Chair Yellen (2015) observes that many market participants
appear to be more pessimistic than the FOMC participants about
the outlook for the U.S. economy and notes that respondents to the
Survey of Primary Dealers in late January thought that there was a
20 percent probability that, after the date of the first rate increase,
the federal funds rate would fall back to zero sometime at or before
late 2017 (Federal Reserve Bank of New York, Markets Group 2015).
She also notes that the remarkably low level of long-term government
bond yields in advanced economies suggests that financial markets
place considerable odds on adverse scenarios that would necessitate



Vol. 11 No. S1 Forward Guidance 57

a lower and flatter path for the federal funds rate than envisioned
in the FOMC participants’ projections.

The fact that market expectations are lower than the FOMC’s
policy rate path implies that the market yield curve is lower than
a yield curve consistent with the FOMC’s forward guidance. As
discussed above for Sweden and New Zealand, this means that
the actual monetary policy implemented by the market is more
expansionary than the monetary policy intended by the FOMC.
Furthermore, forward rates at long time horizons are significantly
lower than the FOMC’s median longer-run policy rate at 3.75 per-
cent. Federal Reserve Bank President Dudley (2015) has concluded
that this may warrant a more aggressive path of policy normaliza-
tion{d

One significant conundrum in financial markets currently is the
recent decline of forward short-term rates at long time horizons
to extremely low levels—for example, the 1-year nominal rate,
9 years forward is about 3 percent currently. My staff’s analy-
sis attributes this decline almost entirely to lower term premia.
In this case, the fact that market participants have set forward
rates so low has presumably led to a more accommodative set
of financial market conditions, such as the level of bond yields
and the equity market’s valuation, that are more supportive
to economic growth. If such compression in expected forward
short-term rates were to persist even after the FOMC begins
to raise short-term interest rates, then, all else equal, it would
be appropriate to choose a more aggressive path of monetary

9Dudley is making these comments in the context of his criticism of a mechan-
ical instrument rule such as a Taylor rule. He mentions the discrepancy between
the FOMC’s forward guidance and market expectations as an example of the
loose relation between the federal funds rate, financial conditions, and economic
outcomes, making the use of a mechanical instrument rule inappropriate. I have
criticized Taylor rules and other instrument rules myself (for instance, in Svensson
2003), arguing that the use of judgments is a necessary input in good monetary
policy. This precludes the reliance on mechanical instrument rules such as the
Taylor rule and instead justifies the use of targeting rules and forecast targeting
(choosing the policy rate and the policy rate path such that the forecasts of the
target variables “look good,” where “looking good” means stabilizing inflation
around the inflation target and resource utilization around a long-run sustainable
rate.



58 International Journal of Central Banking September 2015

Figure 26. The Federal Funds Target, the New and Old
FOMC Policy Rate Path, and the Market Policy Path
Before and After the Announcement, March 2015

40 = 4.0

35 F 4 35
Federal funds target

30 F 3.0
Old policy rate path

25 F 25
+ =New policy rate path

201 Day before 20

15 F — After announcement 15

10 F 1.0

05 F 0.5

oo | | | l l i 00

10 11 12 13 14 15 16 17 18

Source: Bloomberg, Haver Analytics, and own calculations.

policy normalization as compared to a scenario in which for-
ward short-term rates rose significantly, pushing bond yields
significantly higher.

Because at the time of writing (March 2015) inflation and infla-
tion forecasts are low relative to the target and unemployment, and
unemployment forecasts are not very low relative to a long-run sus-
tainable unemployment rate (especially when possible additional
slack is indicated by an involuntary part-time work and a cycli-
cal part of the participation rate), it seems that the U.S. economy
is far from any risk of overheating (Evans 2015). Given this, it may
perhaps be a good thing and contribute to better target achievement
if actual monetary policy is looser than the FOMC participants’
policy rate path.

As shown in figure 26, at the FOMC meeting in March 2015,
the median FOMC policy rate path shifted down considerably, that
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is, towards the market policy rate path. The market policy rate
path also shifted down, but less. Thus, the discrepancy between the
FOMC path and the market path shrank a bit, but it remained
substantial. The fact that two FOMC members known to favor
higher policy rates had retired from the FOMC before the March
meeting may explain part of the shift down but not all. Somewhat
weaker data has probably contributed. Nevertheless, the market is
still expecting and implementing a substantially more expansionary
monetary policy than is consistent with the FOMC policy rate path.

8. Conclusions

I believe there are good reasons why forward guidance in the form
of publishing a policy rate path has become a normal part of flexi-
ble inflation targeting for several central banks. These reasons have
been listed above under the headings of transparency, effectiveness,
informativeness, justification, and accountability of monetary pol-
icy. In this paper, I have assessed the predictability of monetary
policy and the credibility of the policy rate path for the Riksbank,
the RBNZ, and the Federal Reserve. Here, predictability of mone-
tary policy refers to the extent to which the market anticipates the
central banks’ policy rate path, and credibility of the policy rate
path refers to the extent to which market expectations line up with
central bank policy rate path after the publication.

The Swedish experience of publishing a policy rate path has been
quite dramatic and special in recent years. In spite of very difficult
circumstances during the crisis, in February 2009, the market antic-
ipated a big downward shift in policy rate path quite well, and after
publication the market expectations of the future policy rate lined
up quite well with the published policy rate path. In contrast, in Sep-
tember 2011, the Riksbank published a high and increasing policy
rate path that was completely disregarded by the market. Market
expectations before and after publication instead indicated a fall
in the policy rate, expectations that predicted the actual outcome
of the policy rate very well. This means that the actual monetary
policy that the market implemented through its actual yield curve
was much easier than intended monetary policy, the yield curve con-
sistent with the Riksbank policy rate path. The market apparently
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predicted that the Riksbank would have to make a major policy shift
towards easier policy.

This very special situation can be understood with reference
to the aggressive leaning against the wind and policy tightening
that the Riksbank initiated in June/July 2010, because of concerns
about household debt. A high policy rate and policy rate path effec-
tively got priority over the standard objectives of flexible inflation
targeting, that is, stabilizing inflation around the inflation target
and resource utilization around its long-run sustainable path. High
difficult-to-justify Riksbank forecasts of foreign policy rates con-
tributed to supporting a high policy rate path but caused a strong
positive bias in Riksbank inflation forecasts. As a result of the Riks-
bank’s leaning against the wind, inflation had fallen much below the
target and unemployment remained high and much above its long-
run sustainable rate. The Riksbank was then forced to lower the
policy rate all the way down to the negative range.

The New Zealand experience is much less dramatic. Monetary
policy has been better focused on the standard monetary policy
objectives. In many cases the market has anticipated the RBNZ pol-
icy rate path quite well, and market expectations have lined up well
with the path after publication. There are cases when the market
has implemented a substantially tighter policy than the one consis-
tent with the RBNZ policy rate path. There are also cases when
the market has implemented a much easier policy—for instance, in
December 2011. Furthermore, on that occasion the market seems
to have been well ahead of the RBNZ, in the sense that the RBNZ
in March 2012 followed the market by shifting down its policy rate
path to line up well with the market expectations.

The U.S. experience of a published policy rate path in the form
of the dot plot is quite short, starting in January 2012. The dot plot
reports each FOMC participant’s assessment of appropriate mone-
tary policy rather than a joint committee projection. If the median
of the dot plot nevertheless is interpreted as an approximation to
a joint committee projection and an FOCM policy rate path, the
U.S. experience includes cases where the market has anticipated the
FOMC path quite well and market expectations have lined up well
with the path after publication. More recently, the market path lies
significantly below the FOMC path and the market is thus imple-
menting a significantly easier policy than what is consistent with the
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FOMC path. The reasons for this discrepancy between the FOMC
and market paths have been much discussed, but no consensus about
the reasons have been reached at the time of writing. Thus far during
the short U.S experience, there is no case when the actual financial
conditions implemented by the market have been tighter than what
is consistent with the FOMC participant’s policy rate path.

Even though the New Zealand and U.S. experiences are less dra-
matic than the Swedish one, it may certainly be interesting and
worthwhile to examine more closely what particular circumstances
explain when the policy rate path was well anticipated and when it
was not, and when the published path was credible after publication
and when it was not. This may help in improving the effectiveness
and informativeness of the policy rate path.
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We derive estimates of trend inflation for fourteen advanced
economies from a framework in which trend shocks exhibit sto-
chastic volatility. The estimated specification allows for time
variation in the degree to which longer-term inflation expecta-
tions are well anchored in each economy. Our results bring out
the effect of changes in monetary regime (such as the adoption
of inflation targeting in several countries) on the behavior of
trend inflation.

Our estimates represent an expansion of those in the pre-
vious literature along several dimensions. For each country, we
employ a multivariate approach that pools different inflation
series in order to identify their common trend. In addition, our
estimates of the inflation gap (that is, the difference between
trend and observed inflation) are allowed to exhibit consider-
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at different horizons for almost all countries considered. It
remains the case, however, that simple random-walk forecasts
of inflation are difficult to outperform by a statistically signif-
icant amount.

JEL Codes: C53, E37, E47, E58.

1. Introduction

Measures of trend inflation play an important role in the study of
inflation in many countries. In the context of policy analysis, the
level and variability of trend inflation can be viewed as summaries
of the degree to which inflation expectations in a particular country
have remained anchored over time. Application of New Keynesian
analysis to inflation data over long samples may also benefit from
the availability of estimates of trend inflation, as the New Keynesian
approach to the Phillips curve typically specifies inflation dynamics
in terms of the deviation of inflation from a steady-state or trend-
inflation rate, with this trend rate possibly varying over time (see, for
example, Cogley and Sbordone 2008). Furthermore, an estimate of
trend inflation can serve as a useful centering point in the construc-
tion of inflation forecasts at various horizons. Still another reason for
interest in estimates of trend inflation is the fact that the existing
literature has found that a substantial portion of the observed per-
sistence of international inflation data is accounted for by variations
in trend inflation, which are in turn often related to changes in mon-
etary regimes; see, for example, Levin and Piger (2004), Cecchetti
et al. (2007), Ireland (2007), Stock and Watson (2007, 2010), Wright
(2011), and Morley, Piger, and Rasche (2015).

In this paper, we provide estimates of the level of, and
time-varying uncertainty of, trend inflation for fourteen advanced
economies. The estimates are derived from a multivariate statistical
model that pools information from different inflation series for each
country. The model is applied on a country-by-country basis[] Our
motivation for this choice is twofold. First, the country-by-country
approach is most amenable to a comparison, for the full sample

1This approach contrasts with the procedure of pooling information across
countries, as in Mumtaz and Surico (2009, 2012), Ciccarelli and Mojon (2010),
and Mumtaz, Simonelli, and Surico (2011), for example.
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period as well as for subsamples, of alternative models of trend. Sec-
ond, although there are clearly some cross-country co-movements
in overall inflation, the reason that inflation rates move together
across countries does not appear to lie solely in common behavior
of the trend component of a “trend/cycle” decomposition—a com-
plication that is underscored in, for example, Ciccarelli and Mojon’s
(2010) analysis of cross-country inflation behavior. On this score,
our results confirm that there do, in fact, tend to be considerable
differences across countries in estimates of trend inflation, very likely
reflecting country-specific developments in monetary regimes.

Formally, we adopt the definition of trend inflation as the infinite-
horizon forecast of inflation. This trend definition corresponds to
the Beveridge-Nelson (1981) concept. This concept has been applied
to inflation data in a number of studies, including Cecchetti et
al. (2007), Stock and Watson (2007, 2010), Clark and Doh (2011),
Cogley, Sargent, and Surico (2014), Cogley and Sargent (2015), and
Morley, Piger, and Rasche (2015), with variants of the approach
also employed by Cogley and Sargent (2005), Cogley, Primiceri, and
Sargent (2010), and Kozicki and Tinsley (2012)14 Our multivariate
model incorporates the assumption that, for any particular country,
different inflation measures share the same common trend. Specifi-
cally, we consider percentage changes in core and headline CPI, as
well as percentage changes in the GDP deflator, proceeding through-
out on the premise that the deviations that these inflation series
exhibit from the common trend are dynamically stable.

Our multivariate model, designated the “MVSV” model, nests
the popular unobserved-components model with stochastic volatil-
ity, designated the “UCSV” model, of Stock and Watson (2007,
2010) that has been applied to inflation data for the G7 countries by
Cecchetti et al. (2007). The application of a multivariate extension of
the UCSV model to different countries, and the comparison between
UCSV and MVSV models across these economies, constitute specific

2Cogley and Sargent (2005) and Cogley, Primiceri, and Sargent (2010) derive
their measure of trend inflation from a non-linear function of time-varying VAR
coefficients, a measure that approximately corresponds to a Beveridge-Nelson
(1981) trend. Kozicki and Tinsley (2012) refer to their measure as the “shifting
endpoint of inflation expectations.” In a similar spirit, Levin and Piger (2004)
relate time variation in inflation persistence to structural breaks in the coefficients
of autoregressive time-series representations of inflation.
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contributions of this paper. The multivariate model used in this
paper represents an extension of the UCSV approach along two
dimensions. The first dimension pertains to our reliance on multiple
inflation series: as in Mertens (2011), the model extracts its trend
estimates from a set of inflation series, instead of drawing infor-
mation from a single inflation measure. The second dimension per-
tains to the treatment of the difference between trend and observed
inflation—the inflation gap, in the terminology of Cogley, Primiceri,
and Sargent (2010). Inflation-gap fluctuations are assumed to be
serially uncorrelated in the UCSV model. In contrast, we allow the
inflation gap to exhibit considerable persistence, while constraining
the gap fluctuations to be dynamically stable, governed by a vec-
tor autoregression with time-invariant parameters. In this way, we
allow for the possibility of persistence in the inflation gap, as in, for
example, Kang, Kim, and Morley (2009) or Cogley, Primiceri, and
Sargent (2010). Unlike these authors, however, we do not permit
inflation-gap persistence to vary over time. The more parsimonious
approach to the treatment of inflation-gap persistence that we adopt
has advantages that we discuss below.

As in the UCSV model, we keep track of different measures of
stochastic volatility that affect different components of the infla-
tion process: one for trend shocks and one capturing changes in gap
volatility for each of the different inflation measures used in our mul-
tivariate model. Although we allow for time-varying persistence in
each inflation measure by letting the magnitude of shocks to the
inflation trend and gap vary, we have also chosen to keep the coeffi-
cients governing inflation-gap persistence constant in order to limit
time variation in model parameters. Such a restriction is especially
warranted in view of the fact that we lack observations on several
input series in the earlier part of our sample.

In the spirit of the UCSV model, our procedure does not involve
taking a stand on the issue of potential statistical linkages between
inflation and other economic variables. For example, we do not inves-
tigate connections between persistent behavior of inflation and per-
sistence in resource slack (such as those considered in, for example,
Morley, Piger, and Rasche 2015). In so limiting the scope of our
analysis, we in no way deny that such linkages are of economic
interest. On the contrary, real/nominal interactions are crucial to
monetary policy analysis. But trend estimates of the kind we derive
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are closely related to a model’s forecasting properties, and the con-
tribution that real variables make to the forecasting of inflation has
frequently been established to be modest—as documented in, for
example, Stock and Watson (2009) and Faust and Wright (2013).
Accordingly, attention is confined here to models of the inflation
process that do not draw upon data other than on inflation. There-
fore, when we speak of our estimates being “multivariate,” we mean
that we use multiple measures of inflation in estimation; we do not
use series other than inflation to inform our estimates

Because our estimation relies on state-space methods and
involves a limited number of time-varying parameters, we can han-
dle cases in which observations are missing for particular inflation
series. Throughout our estimation, we use data beginning in 1960.
Associated with this early start date for the sample is the fact that,
for some countries, subsets of the series used may have missing obser-
vations, reflecting a later initial date for those series or other data-
availability problems. In addition to providing estimates that take
this data issue into account, we also consider estimates that are
conditioned on data sets for which available observations on infla-
tion have been discarded for certain dates for judgmental reasons.
These reasons reflect our concern that the variations in inflation
recorded in certain periods arose from “price shifts,” with the latter
attributable to non-market factors—such as outright governmental
price controls or tax changes that bore directly on measured infla-
tion. In taking this approach regarding price shifts, we expand on a
number of earlier studies, including Gordon (1983), Levin and Piger
(2004), Neiss and Nelson (2005), and Morley, Piger, and Rasche
(2015), to name only a few!q In comparing estimates with and with-
out allowance for price shifts, we find that the shifts tend to have an

3We believe, however, that the approach to the data we take here has elements
that could be usefully applied to the study of the inflation/resource slack connec-
tion. For example, our concern with controlling for episodes in which price con-
trols distorted measured inflation series is highly relevant for the task of obtaining
valid estimates of the inflation trend in a context in which resource-slack series
are among the variables used in the computation of the trend.

4Cecchetti et al. (2007, p. 14) adjusted their data on real GDP growth for
France for a strike-affected observation. In so doing, they recognized the princi-
ple that disruptions to market activity should not be permitted to affect trend
estimates. They did not, however, apply this principle to their estimation of trend
inflation.
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appreciable effect on trend estimates—especially so for the UCSV
model—a result that suggests that the shift-affected inflation obser-
vations should be excluded when estimating trend inflation. On the
other hand, our multivariate estimates of the inflation trend show
signs of being more robust to the inclusion of such periods in the
estimation.

Finally, we compare the forecast performance of our multi-
variate model with that of the UCSV model and (as in Atkeson
and Ohanian 2001) random-walk forecasts of inflation, in a con-
text of quasi-real-time forecasts from 1985 through 2013. Across
forecast horizons ranging from one quarter to sixteen quarters
ahead, our multivariate extensions generally deliver lower root mean
squared errors (RMSEs) for predictions of inflation, in some cases
by 20 percent or more. The improvements are, however, statis-
tically significant in only a few instances—perhaps most notably
in the case of medium-term inflation forecasts for the United
States.

The remainder of this paper proceeds as follows. Section 2
describes our data set of fourteen industrialized countries. Section 3
lays out the empirical models used throughout the paper. Section 4
presents estimates for level and variability of trend inflation derived
from univariate and multivariate models. Section 5 reviews periods
in which price shifts occurred and their influence on the estimates.
Section 6 evaluates quasi-real-time estimates of trend inflation
derived from the UCSV model and our preferred MVSV alterna-
tive, and section 7 analyzes the forecast performance of our model
in “quasi-real time.” Section 8 concludes the paper.

2. International Inflation Data

Our data set consists of quarterly inflation series for fourteen devel-
oped countries from 1960:Q1 through 2013:Q4. Whenever data avail-
ability permits, we have used three different inflation measures for
each country: headline CPI, core CPI, and the GDP deflator, all
computed as annualized quarterly log-differences. Details on the
available data for each country are provided in table 1. CPI data,
including the core CPI series (typically defined as the CPI exclud-
ing prices of food and energy) are obtained from the Main Economic
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Table 1. Data Overview

71

Inflation Rates

Country Headline CPI | Core CPI | GDP Deflator
Australia 1960:Q1 1976:Q3 1960:Q1
Belgium 1960:Q1 1976:Q3 1980:Q1
Canada 1960:Q1 1961:Q1 1960:Q1
France 1960:Q1 1960:Q1 1960:Q1
Germany 1960:Q1 1962:Q1 1960:Q1
ITreland 1960:Q2 1976:Q1 1980:Q1
Ttaly 1960:Q1 1960:Q1 1960:Q1
Japan 1960:Q1 1970:Q1 1960:Q1
New Zealand 1960:Q1 1969:Q1 1987:Q2
Spain 1960:Q1 1976:Q1 1970:Q1
Sweden 1960:Q1 1970:Q1 1980:Q1
Switzerland 1960:Q1 1960:Q1 1970:Q1
United Kingdom 1960:Q1 1970:Q1 1960:Q1
United States 1960:Q1 1960:Q1 1960:Q1
Inflation Goals

Country Inflation Goal Dates
Australia 2.0-3.0 1993:Q2*-EOS
Canada 2.0 1991:Q1-EOS
Euro AreaP 2.0 1998:Q2-EOS
New Zealand 3.0-5.0 1990:Q1-1990:Q4

1.5-3.5 1991:Q1-1991:Q4

0.0-2.0 1992:Q1-1996:Q4

0.0-3.0 1997:Q1-2001:Q4

1.0-3.0 2002:Q1-EOS
Spain 3.0 1994:Q4-1998:Q1
Sweden 20+ 1 1993:Q1-EOS
Switzerland < 2.0 2003:Q3-EOS
United Kingdom 2.5 1992:Q4-2003:Q3

2.0 2003:Q4-EOS

United States 2.0 2012:Q1-EOS

aSome sources (for example, Bernanke et al. 1999) give a later date for the inception
of inflation targeting in Australia.
bBelgium, France, Germany, Ireland, Italy, and Spain have all been euro-area coun-
tries since the currency area’s inception.
Notes: The model uses quarterly observations from 1960:Q1 through 2013:Q4. Coun-
tries with inflation goals continuing through the end of the sample are marked with
“EOS.” All inflation series are annualized and expressed as log-changes. Section 2
provides more information on the data sources.
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Indicators database produced by the OECD [ With a few exceptions,
GDP deflator data are obtained from the International Financial
Statistics (IFS) electronic database maintained by the International
Monetary Fund[§

Following Faust and Wright (2013), we applied the X-12-ARIMA
filter, maintained by the U.S. Census Bureau, to each inflation series
analyzed in this paperE The GDP deflator data tended to display
strong seasonal components—notwithstanding the label “seasonally
adjusted.”ﬁ As a precaution, therefore, we ran the filter over these
series.

We have also obtained results with an alternative CPI series
for the United States, the “Consumer Price Index Research Series
Using Current Methods” (CPI-U-RS). In common with the stan-
dard CPI measure for the United States, this alternative series has
been constructed by the Bureau of Labor Statistics. In contrast to
the regular CPI, whose values do not undergo historical revisions as
official measurement procedures change, the CPI-U-RS applies cur-
rent methods backward to 1978. We use the latest available version
at the time of our study, giving us data through the end of 2013. Our
trend estimates for the United States are not appreciably altered by
the use of this series, and we defer a summary of our results using
the CPI-U-RS to section 7.

For many countries, our estimation sample encompasses periods
over which recorded price series were likely significantly distorted

®The only exception pertains to the data for Ireland’s headline CPI, which
were compiled from the International Monetary Fund’s International Financial
Statistics electronic database.

In the case of Sweden, the source is the OECD’s Main Economic Indicators.
GDP deflators for Italy and Japan in IF'S exhibited rebasing problems, so deflator
series from Stock and Watson (2003) starting in 1960:Q1 were spliced together
with IFS data from 2000:Q1 to 2013:Q4. Conefrey Thomas and Stefan Gerlach
kindly supplied us with data for Ireland’s GDP deflator for the period 1980-1997,
a sample that precedes the series’ commencement in the IFS database.

"Complete documentation on the X-12-ARIMA seasonal adjustment program
can be found in “X-12-ARIMA Reference Manual, Version 0.3, February 28, 2011”
at http://www.census.gov/srd/www/x12a/. The filter is implemented in IRIS (an
open-source toolbox for MATLAB), which can be obtained from http://www.iris-
toolbox.com.

8Stock and Watson (2003, p. 803) report the same phenomenon in their study
of international data.
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by non-market forces, like government-imposed price controls and
major changes in indirect taxes[d We discuss these episodes, and
their effects on our estimates, in detail in section 3. An overview of
these “price-shift” dates is given in table 2.

3. Model Description

Our paper uses two different statistical models for the estimation
of measures of trend levels and variability and to construct inflation
forecasts. Both models rest on time-series approaches that deploy the
same trend concept. The models mainly differ in the data on which
their estimates are conditioned. The first model is the univariate,
“UCSV,” model of Stock and Watson (2007, 2010), which is applied
to data for each country’s CPI inflation (i.e., the headline rate). The
second model is a variant of the multivariate common-trend model
of Mertens (2011), which we estimate using data on three inflation
series for each country, employing headline and core CPI inflation
as well as percentage changes in the GDP deflator. Both models
utilize the trend concept of Beveridge and Nelson (1981), as dis-
cussed presently, and both allow for time-varying volatility in trend
shocks. The UCSV model embeds the assumption that deviations
between actual inflation and trend have no persistence. In contrast,
the multivariate model uses a (time-invariant) vector autoregres-
sion to describe the dynamics of deviations between inflation and its
trend.

Throughout this paper, we employ a statistical “trend/cycle”
decomposition of inflation into a trend level, 7, and inflation gap, 7.
In the tradition of Beveridge and Nelson (1981), the inflation trends
that we consider correspond to long-run—that is to say, distantly

9Some dates were excluded only from the GDP deflator series because of rebas-
ing errors. The series for Belgium, Canada, Germany, Italy, Spain, and Switzer-
land all included large, discrete escalations in the price level that are not present
in corresponding data reported in other studies such as Stock and Watson (2003).
These data points are not included in any of the estimation results below. The
dates for which observations are omitted from all estimations are 1966:Q1 (Italy),
1981:Q1 (Spain), 1991:Q1 (Germany), 1995:Q1 (Canada), and 1999:Q1 (Belgium
and Spain).
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Table 2. Omitted Price-Shift Dates

Country Date Event
Australia 1975:Q3 Universal Health Insurance®
1975:Q4 Sales Tax Increase®
1976:Q4 Removal of Universal
Health Insurance®
1984:Q1 Medicare Introduction®
2000:Q3 GST IntroductionP
Canada 1991:Q1 GST Introduction®®
1994:Q1-1994:Q2 Cigarette Tax Change®®
France 1963:Q3-1963:Q4 Price Freeze and Strict
Controls?
1969:Q3-1969:Q4 Price Freezed
1973:Q1 VAT Decreased
1976:Q4 Price Freezed
1977:Q1 VAT Decrease?
1995:Q3 VAT Increase?
2000:Q2 VAT Decreased
Germany 1991:Q1-1991:Q4 Reunification®
1993:Q1 VAT Increase®
Ireland 1975:Q3 Indirect Tax Cut®
2012:Q1 VAT Increase
Japan 1997:Q2 Consumption Tax Increase”
New Zealand 1982:QQ3-1984:Q3 Price Controls®
1986:Q4 GST Introduction”
2010:Q4 GST Introduction®
Spain 2012:Q3 VAT Increase
Sweden 1990:Q1 VAT Increase®
1991:Q1 VAT Increase®
United Kingdom 1972:Q4-1974:Q2 Price Controls®
1979:Q3 VAT Increase®
1990:Q2 Poll Tax Introduction®
1991:Q2 VAT Increase®
United States 1971:Q3-1974:Q2 Nixon Price Controls®

aNeiss and Nelson (2005).

PLevin and Piger (2004, table A2).

©We do not include Canada’s controls program of 1975—8 among our price-shift dates,
on the grounds that that regime was primarily one of wage control (see Braun 1986,
pp. 48, 244).

dQur dates for France price control are derived from the accounts in Berstein (1993,
p. 119), Braun (1986, p. 43), Salin and Lane (1977, p. 577), and Ungerer (1997, p. 61).
¢From our own analysis of news records.

fKlitgaard and Peck (2014).

gDebelle and Wilkinson (2002).

hGordon (1983).
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far-ahead—forecasts for the level of inflation[!d As described below,
the two models used in this paper differ in their implied dynamics for
the inflation gap. In both models, the long-run forecast of inflation
corresponds to the Beveridge-Nelson trend concept:

Ty — T¢ + ﬁ't Tt — khm Etﬂ-t—{-k- (1)
—00

As the trend is defined as a martingale, its law of motion is a
random-walk process that cumulates (the current and past values
of) serially uncorrelated disturbances é;:

Tt = Tt—1 + €. (2)

This specification necessarily imparts a random-walk component
to inflation. Whether this non-stationary component has appreciable
effects on observed inflation dynamics depends on the relative mag-
nitude of fluctuations in the inflation trend and the inflation gap. In
this connection, we seek estimates that are well suited to environ-
ments in which inflation expectations are well anchored and trend
changes are near zero, as well as episodes in which expectations
became unhinged and trend changes were large. To that end, the
random-walk disturbances are assumed to have stochastic volatil-
ity, with drifting log-variances, following the specification used, for
example, by Cogley and Sargent (2005) as well as Stock and Watson
(2007). That is,

€y ~ N (0,63) IOgE? == ht == htf]_ + @Eé.t ft ~ N(O, 1) (3)

This trend definition is then embedded into two models of infla-
tion dynamics, to which we now turn.

01T contrast to the original Beveridge-Nelson decomposition—and in keep-
ing with the approach of Stock and Watson (2007)—our trend estimates are
derived in the context of an unobserved-components model. In this class of
models, the distinction between filtered and smoothed trend estimates—that is,
the distinction between estimates that condition only on a subset of observa-
tions and those that condition on the full data sample—becomes highly rele-
vant. For further discussion see, for example, Harvey (1989, ch. 6) and Morley
(2011).
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3.1 Univariate UCSV Model

The UCSV model of Stock and Watson (2007) takes the inflation gap
as exhibiting no persistence and also embeds the principle that the
gap is itself governed by a separate process for stochastic volatility.
That is,

i ~ N (0,67) logé?2 =hy = hi 1 +9i& &~ N(0,1). (4)

Disturbances to the inflation trend and to the inflation gap, as
well as the shocks to stochastic volatility, are assumed to be serially
and mutually uncorrelated. Stock and Watson (2007) fix the volatil-
ity of shocks to the log-variance processes in gap and trend, ¢5 and
©j,, to constant values—equal to 0.20 for both parameters, which
is close to typical estimates obtained for U.S. data. We, however,
estimate these two parameters, using a relatively loose prior as our
starting point

3.2 Multivariate Model (MVSV)

As an alternative to the univariate UCSV model, we also study trend
estimates derived from a multivariate model with stochastic volatil-
ity (MVSV), which jointly conditions on three inflation measures for
each country. A variant of the model has been applied by Mertens
(2011) to U.S. data. The model incorporates time-varying volatil-
ity in both the trend and the gap component of inflation; accord-
ingly, it nests the UCSV case. In our application, the model uses
observations on inflation in headline CPI, core CPI, and the GDP
deflator—all stacked into a vector, Y;—and applies a “trend/cycle”
decomposition, along the lines of the UCSV model described above:

Vi=7+Y Ty = klim EiYitk. (5)

The key assumption underlying the multivariate model is that
all variables in Y; share the same common trend, with their trend

Hgpecifically, we specify an inverse-Wishart prior for each parameter with a
mean equal to the Stock-Watson value of 0.2; for the gap and trend parameter,
we use three and thirty degrees of freedom, respectively.
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levels differing only up to a constant 13 Crucially, trend changes in
all three inflation measures are driven by a single shock, for which
the stochastic-volatility behavior applies as in equation (4) above.
In contrast with the UCSV model, and in keeping with the more
recent literature on estimation of inflation trends, inflation gaps are
permitted to be persistent in the multivariate model, subject to the
condition that the law of motion governing the inflation gap has
convergent dynamics. Specifically, the inflation gaps are assumed
to follow a dynamically stable VAR with constant parameters and
constant correlations and a common volatility factor. That is,

A(L)Y, =&  &~N(0,%) %= Ldiaglc})L  (6)
log62 = hy = (I —0.951)"'h +0.95h, 1 + 014
ét ~ N(Oa 1)7 (7)

where L is a lower triangular matrix of constant parameters and
every element of the vector of log-variances h; follows a highly per-
sistent AR(1) process, each with an autoregressive coefficient equal
to 0.95, as indicated, but with correlated shocks[H The AR(1) spec-
ification for the variances was chosen over the random walk in
light of the existence of extended periods, in the earlier part of
our sample, of missing data for some of our input series; estimates
obtained from a random walk would quickly lead to unbounded
variance estimates over those periods Importantly, shocks to the

12YWithin the Y; vector, average levels of trend inflation are allowed to differ in
recognition of discrepancies across the various inflation series in the average rate
(for example, the existence of a different mean rate for CPI inflation from that
for GDP deflator inflation).

13The diagonal elements of L are normalized to unity, and the lower triangular
elements have been assigned standard normal priors. Analogously to the UCSV
model, the variance-covariance matrix of the stochastic volatility shocks has an
invariant-Wishart prior with mean equal to 0.2% - I and five degrees of freedom—
this value for the degrees of freedom is the lowest possible value that ensures the
existence of a prior mean for a 3x3 matrix of random variables, drawn from the
inverse-Wishart distribution.

Y Grassi and Proietti (2010) modify the UCSV model of Stock and Watson
(2007) to permit an AR(1) specification for stochastic volatility, doing so in part
on a priori grounds of the unattractiveness of the unboundedness associated with
the random-walk model. Clark and Ravazzolo (2014) compare the forecasting per-
formance of different specifications for stochastic volatility—including the cases
of a random walk and an AR(1) process—for various macroeconomic variables.
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individual gap volatilities are allowed to be correlated with one
another. In many cases, our estimates will imply generally high lev-
els of such cross-correlation. It will emerge, however, that, notwith-
standing the substantial co-movement in gap volatilities, there are
also notable episodes of idiosyncratic changes in volatility of a par-
ticular inflation-gap series. This phenomenon reflects the behavior
of individual inflation measures, most particularly the GDP defla-
tor inflation rate, which would not be adequately captured had we
assumed a uniform pattern of behavior for the volatilities of the
different inflation series for a particular country.

As in the UCSV model, shocks to the volatility of trend and
gap components are assumed to be uncorrelated. The roots of the
VAR polynomial A(L) are required to lie outside the unit circle,
thereby ensuring that the gaps exhibit convergent dynamic proper-
ties [ Shocks to the gap levels are allowed to be mutually correlated.
However, in our baseline specification, all gap shocks are assumed to
be uncorrelated with trend shocks['d The multivariate model there-
fore nests the UCSV model, at the same time extending it to multiple
input series and persistent gap dynamics. Missing observations in Y;
are handled by casting the model in state-space form with (determin-
istic) time variation in measurement loadings. Instances of missing
observations lead to the appropriate elements of Y; being assigned a
value of zero, and the same is true of their loadings on the model’s
states. See, for example, Mertens (2011) for details.

'5The VAR coefficients have been assigned a prior distribution that is multi-
variate normal (subject to the stationarity constraint) and that is centered on a
prior mean of zero. For the variances, we have experimented with several rela-
tively small values. This is in order that most of the prior mass of the vector of
VAR coefficients satisfies the stationarity constraint and to ensure convergence of
the model estimates across all countries and all of the quasi-real-time estimation
samples analyzed in sections 6 and 7 below. Results shown here were obtained
from a multivariate normal prior for the VAR coefficients with mean zero, zero
covariances, and prior volatilities equal to 0.20 for own-lag coefficients and 0.10
for all other coefficients. Although this prior is quite tightly centered on zero,
our posterior estimates of the VAR coefficients imply substantial inflation-gap
persistence, as shown below. Largely similar results were also obtained when the
scale of prior volatilities was doubled.

Mertens (2011) allows the shocks to trend and gap to be correlated in the
MVSYV case. For simplicity, however, we impose orthogonality between the two
classes of shocks for both our UCSV and MVSV estimates.
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3.8 Alternative Specifications of the Multivariate Model

We also considered several alternative specifications of the MVSV
model. In its baseline version, described above, the MVSV model
embeds the assumptions that shocks to inflation trend and gaps
are uncorrelated and that the VAR dynamics of the gaps are time
invariant. We separately relax each assumption. To model correla-
tion between shocks to the inflation trend and gaps, we rewrite the
gaps’ equation as

ALY, =e e = Pe+é, (8)

where ¢é; is specified as before[11

We have also considered time variation in the VAR coefficients,
of a kind that implies an inflation-gap equation of A,(L)Y; = &. The
VAR coefficients are modeled as drifting random walks, subject to
the stationarity condition for each polynomial A;(L) with correlated
shocks[1§

As a third alternative, we explicitly incorporate information
regarding a country’s inflation goal in the data set used for con-
ditioning our model estimates. This version of the model will also
be labeled “MSVS-T.” With the exception of Japan, each country
in our data set had by 2013 (the end of our sample) introduced some
form of explicit inflation goal. (See table 1.) For these countries, we
have augmented the measurement equation of the MVSV model with
a fourth variable that is equal to each country’s inflation goal—or

"The choice of the prior for 3; turned out to be important for the convergence
of the Markov chain Monte Carlo (MCMC) algorithm used in the estimation.
Results reported below were generated from a standard normal prior, which led
to satisfactory convergence for almost all countries considered. In the case of less
informative normal priors with larger variances, the MCMC estimation typically
failed to achieve convergence in our experience.

81n contrast to its application to the stochastic gap volatilities, the random-
walk assumption for the VAR coefficients does not lead to unbounded poste-
rior draws when there is missing data. This reflects the additional restriction
that all draws of A:;(L) must have all roots outside the unit circle. The vari-
ance/covariance matrix of random-walk shocks to the vector of VAR coefficients
is given a vaguely informative inverse-Wishart prior with N+2 degrees of free-
dom, where N is the number of VAR coefficients, and the prior is given a mean
of 0.052 - I. The scale of this prior reflects has been chosen to allow for consider-
able range of possible persistence, within the region of coefficient values that are
consistent with a dynamically stable VAR structure.



80 International Journal of Central Banking September 2015

the midpoint of its goal range—and that is treated as missing data
in the absence of an official inflation objective. This variable will be
interpreted as a direct reading of the trend level for headline CPI

inﬂation

3.4  FEstimation Methods

The models are estimated with Markov chain Monte Carlo methods,
similar to those described in Mertens (2011). The algorithm yields
not only estimates of the latent factors. The sampling algorithm
recovers the posterior distribution of missing data entries, condi-
tional on the model and all observed data values. Convergence is
assessed with scale-reduction tests (see Gelman and Rubin 1992),
applied to the output of multiple chains that started from dispersed
initial conditions.

4. Inflation Trends: Levels and Uncertainty

This section reports country-by-country estimates of inflation trends
and gaps as well as their evolving variability, as generated from our
application of the UCSV model of Stock and Watson (2007) and our
MVSV model. In essence, these UCSV estimates complement and
extend the results reported by Cecchetti et al. (2007), whose esti-
mates are conditioned on the GDP deflator inflation rates for the
G7 economies. The UCSV estimates reported below are conditioned
on the CPI inflation headline rate. We report the inflation-gap esti-
mates only for CPI (headline) inflation for the MVSV model, taking
this measure of inflation as the one of greatest interest, particularly
in the context of the targeting and forecasting of inflation. Gen-
erally speaking, the estimates reported below are conditioned on
all available data from 1960:Q1 through 2013:Q4, the only major
qualification being that we remove from estimation certain dates,
specified in table 2, when price shifts occurred P9

19 After the introduction of an inflation goal, trend changes are treated as deter-
ministic by the MVSV-T model. No country in our data set has abandoned its
inflation goals after inception, except for changes in the goal’s value.

20The effects of these price shifts on our estimates are discussed in section 5.
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A comparison of estimates from the UCSV model and the MVSV
for each country indicates that while there are broad similarities,
there also plainly exist notable differences. Estimates from both
models capture very similar low-frequency movements. By and large,
estimates of the inflation trend and its stochastic volatility from
the two models are quite similar. That said, in several instances—
especially around the time of the global financial crisis in 2008—
9—the effects of the UCSV model’s assumption of serially uncorre-
lated inflation gaps are also quite apparent. For example, in the
cases of Belgium, France, Italy, Japan, Spain, Switzerland, the
United Kingdom, and the United States, the UCSV estimates seem
to be affected by transitory fluctuations in inflation—fluctuations
from which the MVSV model essentially insulates its inflation-trend
estimates.

A notable aspect of the results for the United States is that the
trend-inflation estimate tracks actual inflation quite closely in the
1970s. In particular, the trend estimate reaches double digits in the
mid-1970s. In the case of the UCSV model, this result, for CPI infla-
tion, is similar to that obtained for U.S. GDP deflator inflation by
Cecchetti et al. (2007). The fact that trend inflation closely matches
actual inflation during the 1970s in the UCSV case is consistent with
the notion that actual U.S. inflation behavior resembled that of a
random walk during those years; it is therefore natural for the UCSV
model, in which the trend rate corresponds to the predictable com-
ponent of inflation, to attribute much of the observed fluctuations
in inflation to variations in the trend rate.

In the case of the MVSV model, which allows for persistent
inflation-gap dynamics, it may appear surprising that we find, once
again, that trend inflation in the mid-1970s largely mirrors actual
inflation. Our estimates differ on this score from those in Cogley,
Sargent, and Primiceri (2010), who find that trend U.S. inflation
was well below actual inflation in the mid-1970s] One major rea-
son for the difference in findings is that in Cogley, Sargent, and
Primiceri (2010), a long-term interest rate was included among the
variables with which inflation was assumed to share a trend. Long-
term interest rate data in the United States in the mid-1970s implied

*'However, Morley, Piger, and Rasche (2015, figure 1) find that trend inflation
tracks actual CPI inflation quite closely in the United States during the 1970s.
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longer-term inflation expectations far below actual inflation in the
mid-1970s, and so inclusion of these interest rates in the analysis
would point toward a conclusion that the surge in inflation during
that period largely amounted to an increase in the inflation gap
In our analysis, however, the variables with which we assume CPI
inflation has a common trend do not include long-term interest rates
but do include the GDP deflator inflation rate. In the mid-1970s, the
GDP deflator inflation rate exhibited a rise that largely conformed
to that of the CPI inflation rate, and so our assumption that these
two inflation series have a common trend makes the MVSV model
more likely to regard the mid-1970s rise in inflation as a rise in
the inflation trend. In contrast, the late-1970s upsurge in inflation
was much steeper for CPI inflation than for the GDP deflator rate.
Consequently, our MVSV estimates imply a sharp rise in the CPI
inflation gap for this period, as opposed to a surge in trend inflation:
see figure 14.

As noted earlier, a great number of countries have introduced
formal inflation goals during the sample period. In the majority
of cases, estimated trend levels from both models tend to hover
around the numerical value for the inflation goal. But there are
some notable exceptions, as discussed below. In the wake of the
formal introduction of an inflation target, the stochastic volatil-
ity of trend shocks—our measure, alongside the inflation-trend
estimate itself, of the degree to which inflation expectations are
anchored—decreases in many cases only after some time, about five
to ten years. This result likely reflects the fact that our measure
is conditioned solely on the realized inflation experience of a given
country.

Among those cases in which countries have explicit inflation
goals, the trend estimates for Sweden, shown in panels A and B
of figure 11, stand out, as the trend has regularly moved below the
Riksbank’s inflation target of 2 percent by half a percentage point
or more since the target was introduced in 1993—a finding that

??Likewise, in Mertens’s (2011) estimates of trend inflation for the United
States, both longer-term interest rates and inflation expectations survey data
are assumed to have a common trend with inflation. As both expectations data
and longer-term interest rates registered a much milder rise in the mid-1970s than
actual inflation, their inclusion in the analysis held down the estimated peak of
trend inflation in Mertens (2011).
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is consistent with Svensson’s (2015) characterization of the behav-
ior of inflation expectations in Sweden. In the same vein, late in
the sample the inflation-trend estimates for Germany and France,
joined by Ireland, Italy, and Spain, exhibit inflation-trend estimates
somewhat below the European Central Bank’s target rate of “close
to but below 2 percent.”

A noteworthy comparison between the MVSV and UCSV esti-
mates is offered by the case of the United Kingdom, estimates for
which are displayed in figure 13. For several years late in the sam-
ple period, U.K. inflation often persistently exceeded the Bank of
England’s 2 percent target, and these overshoots influence our esti-
mates in varying degrees. In particular, the UCSV estimates of trend
inflation tend to increase in the final years of the sample, with the
estimate moving up to levels near 4 percent, and the 90 percent range
for the estimate of trend inflation barely includes the target rate of
2 percent. In contrast, the MVSV model implies a much more lim-
ited increase in trend inflation for the United Kingdom, because the
persistence embedded in the model’s specification of inflation-gap
dynamics separates the phenomenon of sustained overshoots of the
inflation target from the phenomenon of a shift up in trend inflation.

The estimated trend levels of inflation for Japan (shown in
figure 8) are, for the latter part of the sample, among the low-
est for the countries we study. Both the MVSV and UCSV esti-
mates put trend inflation for Japan at levels generally below zero
for the last decade; in particular, the trend estimate derived from
the MVSV model has been below zero, and even the upper bound
of the 90 percent credible set for the trend barely covers values
above zero from about 2000 through 2011. Concerns about ele-
vated risks of deflation are also raised by our trend estimates for
Switzerland, shown in figure 12, which have steadily been falling,
and even moved briefly below zero, over the last few years, after
having remained stable near 2 percent for most of the prior fifteen
years.

For most countries, very similar trend estimates are also obtained
if the MVSV model is replaced by a variant that allows for corre-
lation between shocks to inflation trend and gaps, in the manner
described in section 3. However, for some countries, this alternative
specification generated noticeably different trend estimates. This has
been the case for Germany, Sweden, and Switzerland, results for
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which are depicted in figure 15. For each of these three countries,
the assumption of correlation in the shocks to trend and gaps gen-
erates trend estimates that are somewhat less volatile than in the
baseline case—at least when judged by the paths for the pointwise
posterior means. At the same time, uncertainty around these esti-
mates, as measured by the width of the 90 percent confidence sets,
is considerably wider than in the baseline case, as can be seen from
comparison of figure 15 with the top-left panels in figures 5, 11,
and 12.

For each country, we also derived trend estimates from a fur-
ther variant of the MVSV model, one featuring time variation in
the VAR parameters that govern the evolution of the inflation gaps.
The results for this variant are very similar to the baseline estimates
shown in figures 1-14. For brevity, the estimates for this variant are
not shown here. The MVSV model with time-varying VAR coef-
ficients does, however, generate sizable variation in the estimated
degree of gap persistence, a result brought out in figure 16. For
each country, gap persistence is measured by the largest absolute
eigenvalue of the gap VAR’s companion form. There is no uniform
pattern in the changes of gap persistence implied by these estimates.
For some countries, like Canada, New Zealand, and Japan, gap per-
sistence seems to have decreased over the latter part of our sam-
ple. For other countries, such as France, Ireland, Italy, Sweden, and
Switzerland, gap persistence has rather increased.

Trend estimates from the MVSV-T model are very similar to
our baseline estimates, except for the periods when the official infla-
tion goal was different from the baseline trend estimates as shown
in figures 1-14 (and not shown separately). The MVSV-T model
will be discussed further in section 7 in the context of forecast
evaluation.

5. The Effects of Price-Shift Dates on Trend Estimates

In general, the estimates presented in the previous section are
derived from data sets that excluded the observations associated
with dates at which major price-level shifts occurred due to non-
market factors. The results shown in figures 1 to 14 were generated
from inflation data for which periods of price shifts are treated as
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Figure 15. Trend Estimates with Correlation between
Shocks to Trend and Gaps

A. Germany B. Sweden

Percent
Percent

_1%60 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010

C. Switzerland

Percent

-5
1960 1970 1980 1990 2000 2010

Notes: In each panel, solid lines depict estimates derived from a version of the
MVSV model that allows for correlation between the shocks to trend and gap
inflation. Dashed lines show the corresponding estimates from a baseline speci-
ficton where shocks to trend and gaps are assumed to be uncorrelated. Esti-
mates are obtained from data that treat the price-shift dates listed in table 2 as
missing observations. Solid, thick lines show posterior means, and thinner lines
depict 90 percent confidence sets derived from the model’s posterior distribu-
tion conditional on all data. All series are measured in annualized percentage
points (as approximated by log-changes).



September 2015

International Journal of Central Banking

100

(ponuuoo)

000¢ 066l 086)

0.6l

09

wv 010¢ 000C 066L 086l 0.6L 09

wr 0l0C 000C 066l 086l 0.6} omw_.

0l0¢c 000C 066l 086l 0.6} omw_, 0L02

} A

uedef |

0l0¢ 000C 066l 086l 0.6} oww_, 0L02

Ao o

000¢ 066l 086L

0.6l

09

puelai] "

wv 010¢ 000C 066L 086l 061 09

Auewan) g

wr 0L0C 000C 066l 086l 0.6} omwr

80

T |

Qouel g

epeue) ‘D

aou9)sisaag dexn)

20

wnisfeg g

"'9T 2an31q

eI[RnSNY 'Y

<0

70

9°0

80




101

Trend Inflation in Advanced Economies

Vol. 11 No. S1

"SUOTYeAI9SqO SUISSTWL S g 9[qe) Ul PoIsI| so1ep PIys-0otid oY) oI Jer) e)ep WOIj PoUure)qo It SOYeUII)SH SOUI] POYsep
£q pagordep are sivjewrered YA JULISUOD UM UOIYeOYIDads suI@seq INO WOIj paurelqo sejewr)ss Surpuodsario)) -oSuel o[}
-renbuiejur o1} jo1dep seur] ury) ‘sivjowrered Yy A Suldres-owir) yim [opowr ASATN Y} JO uoisioa & ur uorjegur ded I0] YA oY
UM pajerdosse Xujew uortuedwod 8y} Jo anjeAusSia ainjosqe ‘4so8re[ oY) Jo sueswl Ior1a)sod jordep soul] PIios MOIY ], :S9I0N

0,0 000 066l 086l 0.6l owm_‘ 010¢ 000C 066l 086l 0.6} oowr

soyeIS panun) N wop3ury pawun W

0/0C 000C 066l 086l 0.6} owww 0/0Z 000C 066L 086l 0.6l oow_‘ 0l0¢ 000C 066l 086l 0.6} oowr 0L0¢ 000C 066l 086l 0.6 oww_‘

c'0

Y

v.o\\\\/\\/\\)\J '
9°0 i 9°0

30 80

PURLIOZIIMS T upams uredg [ pue[eaz MaN ‘I

(ponurjuoy) ‘91 oandiyg



102 International Journal of Central Banking September 2015

missing values in each model’s estimationl>d The relevance of these
episodes for our estimates, as brought out by a comparison with
estimates conditional on all data, is the subject of this section.

In all, we consider fifteen price-shift episodes affecting seven out
of the fourteen countries in our sample; all are listed in table 2.
Most episodes are related to increases in taxes on goods and ser-
vices and similar administrative imposts; in these instances, only a
single quarterly observation is omitted from the data. The rationale
for excluding inflation observations for these specified dates is that
the price level shifted in the period in question not as a reflection of
monetary policy or of private-sector-initiated behavior, but because
of a non-monetary governmental measure whose effect was essen-
tially to rescale the price level. Only four episodes stretched beyond
a year or more: the periods of official price controls in the United
States (1971-4), the United Kingdom (1972-4), and New Zealand
(1982-4), as well as_the transition period in the wake of German
reunification (1991) Again, the shift in the price level in these
dates corresponded either to a movement away from market deter-
mination of prices (in the case of the price-control periods) or a
major redefinition of the area covered by the price index (as when
the former East Germany was brought into the Federal Republic of
Germany)

23In the case of price controls, this procedure amounts to interpolating between
the final value of inflation recorded before the imposition of price controls and the
first observation on inflation occurring after the period in which controls were
lifted. An alternative interpolation procedure would have involved constraining
inflation during the omitted quarters to be equal to the average value of inflation
observed over those quarters. This alternative procedure would have captured
the idea that, when price controls are lifted, the price level catches up to the
value it would have reached in the absence of controls. However, following this
alternative procedure would have meant treating price controls in a different way
from other price shifts that we consider, such as changes in indirect taxes.

24We treat the whole of 1991 as a price shift for Germany, following Levin and
Piger (2004).

#»Gordon (1983) and Staiger, Stock, and Watson (1997) figure among previ-
ous studies that allow for the effects of price controls in their study of inflation
dynamics, while Levin and Piger’s (2004) study of international inflation dynam-
ics allows for major changes in national sales taxes. In addition, the exclusion of
control and tax periods from the estimates represents a step in the direction of
incorporating historical information about individual countries’ experiences into
the study of inflation dynamics, as recommended by Cecchetti et al. (2007).
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Reflecting their typically short duration, the price-shift dates are
not associated with a great impact on trend estimates for many coun-
tries. This is not invariably the case, however. Figure 17 presents
trend estimates for four countries—Germany, Ireland, New Zealand,
and the United States—for which the inclusion of price-shift dates
has different effects on trend estimates. The figure presents a com-
parison of trend estimates discussed in the previous section with
estimates that condition on the entire data, including inflation
data recorded during the price-shift episodes. For each country,
the effects of including price-shift dates on trend estimates from
the MVSV model are qualitatively similar to those on the UCSV
estimates.

The price-shift episodes of longer duration evidently can have
quite sizable effects on trend estimates. For example, estimates
of trend inflation in the United States—whether derived from the
UCSV or the MVSV model—peak well above 10 percent in the mid-
1970s, when conditioned on all observations, whereas for the case in
which the price-shift episode is treated as a period of missing data,
the estimated inflation trend rises only gradually from about 5 to just
below 10 percent. This correction may well, of course, be considered
excessive, as it leads to much of the mid-1970s rise in inflation being
classed as transitory. The fact that the rise in inflation in the United
States in the mid-1970s was preceded by a lengthy and substantial
monetary expansion points instead to the possibility that a good deal
of the rise in inflation amounted, instead, to an increase in the trend
rate of inflation. But even our price-shift-adjusted model estimates
largely attribute the mid-1970s peak of inflation to a rise in trend. In
particular, and as earlier noted, the MVSV model’s characterization
of the rise in CPI inflation in the mid-1970s as largely comprising
an increase in trend inflation in good part reflects the fact that the
increase in GDP deflator inflation over the same period basically
confirmed the picture provided by CPI inflation behavior. For both
of the U.S. inflation-trend estimates (that is, MVSV and UCSV), the
effect of allowing for the 1971-4 price-control episode is not to lower
substantially the rise in trend inflation, but instead to remove the
decline in trend inflation that is registered in the controls-affected
year of 1972—when measured inflation exhibited a decline that was
likely spurious.
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6. Trend Estimates in Quasi-Real Time

The trend estimates described in the previous two sections have been
conditioned on full-sample data—with or without price shifts. Such
estimates are typically labeled “smoothed” estimates, as distinct
from “quasi-real-time” estimates, to use the terminology familiar
from Orphanides and van Norden (2002). These real-time estimates,
which we shall also refer to as “filtered” estimates, generate the
inflation trend for time ¢ solely on the basis of data observations up
to and including time t. We now derive such quasi-real-time esti-
mates by reestimating each for each quarter from 1984:Q4 through
2013:QQ4, using all available data from 1960:Q1 onwards. The dif-
ference between quasi-real-time and smoothed estimates reflects the
effects of reestimating the model’s hyperparameters like ¢, gov-
erning the volatility of shocks to the stochastic log-variances, or the
coefficients A(L) of the gap-based VAR. Our analysis abstracts from
data revisions as a source of difference between real-time estimates
of trend inflation and our inflation data. Rather, the data we use
throughout are from what is essentially a single vintage that we
collected in 20149

Ahead of our analysis in section 7 of each model’s forecast perfor-
mance based on this quasi-real-time analysis, this section provides
a comparison of smoothed and filtered estimates of trend inflation
from the MVSV model, as well as the difference between filtered esti-
mates of trend inflation between the UCSV and the MVSV model.

Two results stand out from this comparison. We discuss each in
turn.

First, filtered trend estimates from the MVSV model are fairly
close to their smoothed counterparts, as can be seen in figure 18.
Overall, as is to be expected, the smoothed estimates are a little
less variable than their quasi-real-time counterparts. Smoothed esti-
mates are designed to be more precise estimates of the underlying
inflation trend, and they benefit from knowledge regarding the sub-
sequent behavior of realized inflation. For this reason, they may not

26 An alternative notion of “filtered” estimates, not pursued here, would be one
in which the model’s hyperparameters were taken as given—as would be the case,
for example, if values estimated based on the full sample of data were used—so
that only the values of the model’s latent states (like the level of trend inflation
and the stochastic volatility in trend and gaps) needed to be estimated.
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lend themselves to exercises such as determining the exact timing
of events, such as the point at which an inflation target became
credible. The filtered estimates might thus be more suitable for
comparison against other measures of trend inflation derived from
financial market indicators. But, at least in the case of the multi-
variate model, the differences between smoothed and quasi-real-time
estimates appear to be fairly small. For example, as can be seen in
figure 18, both estimates provide similar signals regarding the extent
to which trend inflation is aligned with different countries’ official
inflation targets.

Second, filtered trend estimates from the UCSV model seem more
prone to overreact to transitory changes in inflation than the MVSV
model. A similar distinction has been noted previously in the con-
text of smoothed estimates for both models. But the differences
are especially striking in the case of the quasi-real-time estimates
shown in figure 19. In particular, for the years 200612, considerable
swings in commodity prices played a major role in observed fluctua-
tions in inflation rates in many countries. And after 2009, persistent
signs of disinflationary pressure are far more manifest in the MVSV
model’s quasi-real-time estimates of the inflation trend in a number
of economies—notably the euro area, Japan, Sweden, the United
Kingdom, and the United States—than in the UCSV estimates.

7. Forecast Evaluation

Trend inflation is a latent and unobservable variable. Some prop-
erties of the MVSV estimates documented in the previous sections
might appear more appealing than their UCSV counterparts, but
such a conclusion might well rely more on a subjective impression of
what constitutes a “reasonable” estimate rather than a direct com-
parison between estimated and actual values of trend inflation—a
comparison that by its very nature is infeasible. In the absence of
such a direct comparison, an indirect way of assessing the valid-
ity, or usefulness, of different trend estimates is to evaluate infla-
tion forecasts generated by each model at some finite horizons. The
idea behind this approach is that, just as the Beveridge-Nelson
trend is derived from solving a long-run forecasting problem, a
model that allows explicitly for an evolving trend in the inflation
rate should generate satisfactory inflation forecasts, and probably
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also at horizons shorter than the very long run. Evaluating the
forecast performance of different trend-inflation models may be an
enlightening basis on which to assess different trend estimates; it
should also be relevant for researchers who are especially concerned
with generating good inflation forecasts. As argued by Faust and
Wright (2013), sound procedures for obtaining inflation forecasts
likely include grounding those forecasts on an explicit measure of
the trend-inflation rate.

This section evaluates forecasts of CPI headline inflation up to
four years ahead derived from the UCSV and MVSV model for each
country. In addition, we also consider forecasts motivated by the
random-walk benchmark of Atkeson and Ohanian (2001). For this
benchmark, inflation forecasts for all horizons are taken as equal to
a four-quarter or, alternatively, a twelve-quarter moving average of
lagged inflation. Inflation forecasts are generated in quasi-real time
from 1985 onwards. The first forecast is therefore conditioned on
model estimates obtained for data from 1960:Q1 through 1984:Q)4,
with an increasing estimation window as the forecast period is
shifted forward (that is, as steadily more observations are used in the
estimation sample). Every jumping-off date considered is associated
with reestimation of each model

For each quarter considered, we generate inflation forecasts both
for annual (that is, four-quarter) inflation rates (computed as the
average of expected inflation rates over four consecutive quarters)
and for quarterly changes at different horizons2d Annual infla-
tion rates are forecast for the upcoming four quarters, one year
ahead (quarters 5-8), two years ahead (quarters 9-12), three years
ahead (quarters 13-16), and four years ahead (quarters 17-20).
Quarterly inflation rates are forecast for the next quarter, then
four, eight, twelve, and sixteen quarters ahead. Results are not
particularly sensitive to the inclusion of the price-shift dates dis-
cussed in section 5—which mostly occurred prior to the 1985-2013
period spanned by our various forecast windows—and all results are

27 As before, our analysis abstracts from discrepancies between real-time meas-
ures of inflation and our inflation data that might have arisen from data revisions.

#Stock and Watson (2009) also focus on forecasts of one-year or two-year
percentage changes in the price level, whereas Faust and Wright (2013) study
forecasts of quarterly inflation rates.
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derived from data that include observed inflation for the price-shift
dates.

In our application, we measure forecast accuracy using root mean
squared errors (“RMSE”) and average log-predictive scores, which
are reported in table 3 for forecasts of annual inflation and table 4 for
quarterly inflation rates. In both cases, inflation rates are expressed
in annual percentage units.

Log-predictive scores measure the accuracy of a model’s predic-
tive density and are computed here for the UCSV, MVSV, and
MVSV-T modelJ As in Adolfson, Linde, and Villani (2007) and
Clark and Ravazzolo (2014), we approximate the predictive den-
sity with a normal distribution and compute mean and variance of
the predictive density by integrating over the draws generated by
the MCMC sampler!? Denoting the predictive mean and variance
at time ¢ for inflation myyp by psyp; and af Rt respectively, the
log-predictive score at t is given by

(7Tt+h — Mt4n )2
lLignp = —0.5 <log(2 ) 4 log(atih‘t) + trhit

2
O thlt

and the average log-predictive score is computed by averaging l;
across all forecasts ¢ for a given forecast horizon h. Whereas the
RMSE reflects only the quality of the mean of the predictive den-
sity, the normal approximation of the log-density score has the
property that it also evaluates the squared errors in relation to
forecast uncertainty as measured by the variance of the predictive
density.

In tables 3 and 4, forecast performance of alternative models is
measured by the ratio of each model’s RMSE compared with the
MVSV model as well as the difference between the average log-
predictive scores (where applicable). A value below unity of the

The moving averages generate only mean predictions without specifying a
predictive density.

39Conditional on draws of model parameters and levels and volatilities of the
inflation trend and gap, it is straightforward to compute the predictive means
using standard formulas. Predictive variances can readily be computed by adapt-
ing formulas shown in Cogley and Sargent (2015). The laws of iterated expecta-
tions and total variances can then be used to compute the predictive mean and
variance over all MCMC draws.
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RMSE ratio indicates that the MVSV model has a lower RMSE,
and conversely for values above unity. A positive value for the dif-
ference in the average log-predictive scores indicates a more accurate
predictive density of the MVSV value, with the converse holding in
the case of a negative value for the difference. The statistical signifi-
cance of the differences in RMSE and log-predictive scores is assessed
with the Diebold-Mariano (1995) test

Several results recur across both tables. First, with only a couple
of exceptions, the MVSV model generates lower RMSE for almost
each country and at almost each horizon than a simple random-walk
forecast. Second, in most countries, the same is also true, but often to
a lesser extent, when the MVSV forecasts are compared with those
of the UCSV model. Third, although most of these differences are
notable—in the neighborhood of several tenths of the MVSV model’s
RMSEs—they are often not statistically significant. Primarily in the
cases of France, Italy, and the United States, the MVSV model pro-
duces forecasts that are significantly better than projections derived
from either a random-walk or UCSV model. Strikingly, the MVSV
model rarely fares significantly worse than any of the moving aver-
ages or the UCSV model. The MVSV model also generates consider-
ably higher log-predictive scores than the UCSV, suggesting a more
accurate predictive density, especially over longer forecast horizons.
To quite some extent, this reflects the differences in specification
of the stochastic volatilities for the inflation gaps. As described in
section 3, the UCSV model embeds the assumption that the log
of the inflation-gap shock variance follows a random walk whereas
the MVSV model uses an AR(1) specification. At longer forecast
horizons, the random-walk assumption for the inflation-gap vari-
ance seems to lead to undue extrapolation of temporary changes in
volatility—a property that has an adverse bearing on the accuracy
of the UCSV model’s predictive density.

Comparison of the absolute levels of the RMSEs for the MVSV
model across both tables shows that RMSE values are somewhat

31The Diebold-Mariano (1995) test is designed to ascertain whether the squared
losses generated by two different forecasts are, on average, equal. In light of
the overlap in the forecast periods, we computed the standard errors using the
Newey-West (1997) robust estimator, with a bandwidth set equal to one plus the
forecast horizon. The Diebold-Mariano test can also be used to assess differences
in log-predictive scores, as recently shown by Clark and Ravazzolo (2014).
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larger for cases in which it is the quarterly rather than annual
rate of inflation that is being forecast. This pattern is indicative
of the considerable amount of highly transitory—and hence harder
to forecast—fluctuations found in quarter-to-quarter variations in
prices. These variations figure less heavily in the behavior of four-
quarter inflation, a series in which the most violent swings in quar-
terly inflation are averaged out by construction. Correspondingly,
the differences in RMSEs across the different models, which are
clearly evident in the quarterly inflation results in table 4, are smaller
in size and tend to be less statistically significant when forecasts
of annual inflation are considered, as in table 3; a similar pattern
holds also for differences in log-predictive scores between MVSV
and UCSV model.

We also consider the forecasting performance of the MVSV trend
alone, neglecting the horizon-specific information resulting from the
VAR component of the model’s gap equation (for a given trend-
inflation estimate). In this case, forecasts for all horizons are set
equal to the models’ trend estimate, generated in quasi-real time
(and shown in figure 18). For projections of both quarterly and
annual inflation—reported in tables 3 and 4—there is typically not
a great difference between the (average) forecast errors arising from
the MVSV model (from which inflation forecasts are derived from
summing the inflation-trend forecast and the inflation-gap forecast)
and the errors of inflation projections derived from relying solely on
the MVSV-generated inflation trend. This finding is consistent with
the notion, espoused by Faust and Wright (2013), that improved
forecast accuracy stems from the quality of the estimates of the
inflation trend. Applied to the MVSV approach, this notion implies
that the model’s VAR equation for the inflation gap adds little value
beyond its role in shaping the trend estimate itself.

For the United States, the MVSV model tends to outperform
either a random-walk or the UCSV model, both in terms of RMSE
and predictive density score, and significantly so in most cases.
Results are fairly similar when using either the regular CPI or the
CPI-U-RS measure, as table 3 shows.

As a final comparison, we consider forecasts from the MVSV-T
model that sets the inflation trend equal to each country’s infla-
tion goal when applicable. In contrast to the baseline MVSV model,
the MVSV-T model does not centers its forecasts on an empirical
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trend estimate. Instead, it takes the trend as corresponding to
each country’s official inflation goal (when applicable). Furthermore,
once an inflation goal has been introduced for a given country, the
MVSV-T model treats the inflation trend as deterministic, thus
removing uncertainty about future trend shocks from the predictive
density The forecast performance of the MVSV-T model com-
pared with the MVSV model differs for different countries. In sev-
eral instances, like those of Australia, Canada, and New Zealand,
conditioning on a known inflation goal clearly improves forecasts
both in terms of RMSE and predictive density, especially for longer
forecast horizons. In other cases, like Switzerland and Ireland, the
opposite is true, although the differences are not statistically sig-
nificant. For several countries—including France, Belgium, and the
United States—forecasts derived from the MVSV-T model do not
differ greatly from those generated by the baseline version of the
MVSV model B3 I anything, the predictive density of longer-horizon
forecasts tends to be improved when generated from the MVSV-T
model.

8. Conclusion

Our paper has compared estimates of trend inflation in fourteen
advanced economies using two different models. Our preferred model
is a multivariate extension of Stock and Watson’s (2007) unobserved-
components model with stochastic volatility (UCSV) that has been
applied to the G7 countries by Cecchetti et al. (2007). Like the UCSV
model, our multivariate stochastic volatility model (MVSV) tracks
time variation in the variability of shocks to trend inflation and the
inflation gap. Inflation-gap estimates from our MVSV model allow
for inflation-gap persistence—albeit modeled in a more parsimonious
fashion than in Cogley, Primiceri, and Sargent (2010)—while the
UCSV model embeds the assumption that gaps are serially uncorre-
lated. We find that, particularly since the 1980s, the MVSV-based

32 At a given point in time, future adjustments in the inflation goal are, however,
not anticipated by the MVSV-T model.

33In the case of the United States, forecasts from the MVSV and the MVSV-T
model barely differ, on average, from each other in part also because of the lim-
ited number of observations for which the Federal Reserve’s longer-term inflation
objective, officially introduced in 2012, applies in our sample.
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inflation trends are smoother and less variable than their UCSV
counterparts, as the underlying filtering procedure implies less influ-
ence on the trend estimates of persistent variations in inflation that
do not prove to be fully permanent.

A key additional property of the MVSV model is that it condi-
tions on multiple inflation series, on the assumption that they share
a common trend, as in the model of Mertens (2011). In contrast
to Cogley and Sargent (2005), Kang, Kim, and Morley (2009), and
Cogley, Primiceri, and Sargent (2010), our model restricts time vari-
ation in inflation-gap parameters only to the evolution of stochastic
volatility. This variation is in turn limited to only two sources: drift
in the log-variances of shocks to the common trend and separate,
but cross-correlated, volatility processes for each inflation gap. Plac-
ing a limit in this way on the number of time-varying parameters
makes the model more tractable, and it also enables us to handle
missing data in some of the inflation series for several countries,
while still allowing for the possibility of considerable persistence in
the inflation-gap series. This restricted approach also holds out the
prospect of greater forecast accuracy. Compared with alternative
forecasts—generated either from a simple random-walk model or
the UCSV model—our MVSV model typically is associated with
a lower average size of forecast errors at various horizons and for
most countries. In particular, for the exercise of forecasting four-
quarter inflation rates (as distinct from quarter-to-quarter rates),
the improvements are quite appreciable. However, with the excep-
tion of a few countries, it remains hard to generate inflation forecasts
that outperform random-walk forecasts of inflation by a statistically
significant amount.

Although our estimates of trend inflation display quite some sim-
ilarities across countries—notably the shared experiences of persis-
tently elevated values during the 1970s and more reliably anchored
inflation expectations over the last two decades—there are also
clear cross-country differences in the trend estimates. For example,
the extent to which trend inflation underwent a rise, and subse-
quent fall, over the post-war sample differs notably across countries.
In addition, for many countries, distinct, country-specific changes
in monetary regime, like the adoption of a formal inflation tar-
get, are clearly visible in the evolution of our estimates of trend
inflation.
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Discussion of “Trend Inflation in Advanced
Economies”

James Morley
University of New South Wales

1. Introduction

Garnier, Mertens, and Nelson (this issue, GMN hereafter) con-
duct model-based trend/cycle decomposition of inflation for fourteen
advanced economies since 1960. To do so, they develop a multivari-
ate unobserved components (UC) model of inflation that assumes
a common stochastic trend for three different measures of inflation
based on headline CPI, core CPI, and the GDP deflator. As in many
previous studies, the model also allows for stochastic volatility in
the underlying shocks driving inflation. Estimation using Bayesian
methods is conducted on a country-by-country basis, with certain
historical shifts in each country’s price level that are due to non-
market factors (e.g., price controls and large changes in indirect
taxes) taken into account.

GMN find that the estimates of trend inflation for their multi-
variate UC model are smoother and more robust to controlling for
price shifts than estimates based on a univariate UC model along
the lines of what has been previously applied to inflation for G7
countries by Cecchetti et al. (2007). However, despite the relative
smoothness of the multivariate estimates, trend inflation is clearly
still the primary driving force behind the behavior of inflation over
the past fifty years. In particular, mirroring the pattern for measured
inflation in all fourteen advanced economies, trend inflation was high
and volatile in the 1970s and lower and more stable in recent years.

Reflecting the importance of trend inflation, GMN find that
quasi-real-time estimates of trend based on their model provide rea-
sonably good out-of-sample point forecasts of headline CPI inflation,
regardless of forecast horizon. Notably, these forecasts are generally
more accurate than random-walk benchmarks or forecasts based
on the univariate UC model, although not always significantly so
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according to Diebold-Mariano (1995) tests. Density forecasts are
also generally more accurate for the multivariate UC model than
for the univariate UC model and often significantly so.

GMN consider the role of formal inflation targets in anchoring
trend inflation by also estimating a modified version of their mul-
tivariate UC model that sets trend inflation to an explicit objec-
tive when one is available (e.g., the midpoint of an official target
range for CPI inflation). In several instances—especially for Aus-
tralia, Canada, Germany, New Zealand, and Sweden—the point and
density forecasts are significantly improved by setting the trend in
this way.

The main contribution of GMN is to develop a very flexible
time-series model of inflation that, based on the forecast evalua-
tion, appears to provide more accurate estimates of trend inflation
than other approaches. Notably, the multivariate UC model’s flexi-
bility makes it readily applicable to inflation data for many different
economies, including in terms of being able to handle missing obser-
vations and, as mentioned above, in producing more robust estimates
in the presence of discrete price shifts.

The remainder of my discussion focuses on how, in addition to
providing more accurate estimates of trend inflation for advanced
economies, GMN also shed partial light on two challenging and
potentially related questions that are of utmost importance to
macroeconomists: Why has trend inflation changed? Why has infla-
tion become less persistent? However, I conclude that these ques-
tions remain largely unresolved and suggest possible modifications
to GMN’s approach that might help address these questions in future
research.

2. Why Has Trend Inflation Changed?

Estimates for GMN’s main model are consistent with the idea that
changes in monetary policy practices are responsible for the big
swings in the level and volatility of trend inflation over the past fifty
years. However, this is just an ex post interpretation of the results
based on the broad timing of the estimates, including a general rise
in the level and volatility of trend inflation around the collapse of
the Bretton Woods system in the early 1970s and a general fall and
stabilization of trend inflation during Paul Volcker’s chairmanship of
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the Federal Reserve in the early 1980s and continuing with the adop-
tion of formal inflation targeting in several countries from the early
1990s and on. As far as the model is concerned, though, the trend
is assumed to be exogenous, meaning that the model itself provides
no direct insights into the sources of changes in trend inflation.

The modified version of GMN’s model that sets trend inflation
to an explicit objective when one is available goes some way towards
addressing this exogeneity issue, and the strong performance of this
modified model in the forecast evaluation provides reasonably com-
pelling support, beyond just a broad sense of timing, for the idea
that monetary policy practices have helped determine trend infla-
tion. However, there remains a question, unanswered by the model
at least, of what exactly led to the increase in trend inflation in the
1970s. Also, what was it about the specific conduct of monetary pol-
icy under inflation targeting that appears to have stabilized trend
inflation?

As a robustness check, GMN follow Kang, Kim, and Morley
(2009) and allow for correlation between the inflation gap (i.e., the
deviation of measured inflation from trend inflation) and changes
in trend inflation in another modified version of their model. This
alternative specification nests the accelerationist view that shocks
to the inflation gap (e.g., aggregate demand and cost-push shocks)
can also impact the level of trend inflation—i.e., trend inflation is
endogenous with respect to these shocks. However, GMN find that,
for most countries at least, estimates of trend inflation are very sim-
ilar to what they were for their main model, presumably reflecting
relatively little correlation between the inflation gap and changes
in trend (although these estimates are not reported). Thus, there
appears to be empirical support for the assumption in the main
model that trend inflation is exogenous with respect to the shocks
driving the inflation gap.

But ruling out certain shocks, while better than nothing, does
little to answer what other factors might be important in driving
trend inflation. One interesting possibility would be to explicitly
consider whether changes in the systematic behavior of monetary
policy in terms of setting a policy interest rate (e.g., the intercept in
a Taylor-rule characterization of policy) can be related to changes in
trend inflation. Or, assuming that adjusting money growth is really
the only way monetary policy can determine trend inflation when a
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Fisher relationship holds for interest rates in the long run (see Nelson
2008 on this point), it would be useful to check whether changes
in money growth (somehow correctly measured) can be related to
changes in trend inflation.

3. Why Has Inflation Become Less Persistent?

The changes in the relative variances of the underlying shocks
driving inflation can explain why inflation in advanced economies
appears to be less persistent in recent years (see Cecchetti et al.
2007, and Stock and Watson 2007). In particular, a decrease in the
signal-to-noise ratio for inflation (i.e., when trend variability falls by
more than inflation-gap variability) implies less visible persistence in
inflation or, more formally, less persistence as measured by impulse
response functions for forecast errors, as in Kang, Kim, and Morley
(2009).

However, because GMN’s main model assumes time-invariant
VAR dynamics for deviations from trend over the whole sample
period, it effectively only allows for this “changing signal-to-noise
ratio” explanation for the change in inflation persistence. Fortu-
nately, GMN also consider the robustness of their results using
another modified version of their model that allows for time vari-
ation in the VAR dynamics. Although they find some changes in the
persistence of the deviations from trend, as measured by the largest
eigenvalue for the companion matrix of the VAR process, there is
little impact on the estimates of trend inflation. Thus, the “changing
signal-to-noise ratio” explanation for changing persistence appears
to be empirically relevant, rather than just being assumed.

At the same time, according to the estimates for the modified
version of the model with time variation in the VAR dynamics,
the persistence of the deviations from trend has changed over time,
begging the question of why. In Morley, Piger, and Rasche (2015),
we consider this question when applying a bivariate UC model of
inflation and the unemployment rate to data for G7 countries on a
country-by-country basis. We find that the impact of the unemploy-
ment gap on the inflation gap has been relatively stable for most of
the G7 countries over time, but the variance of the residual com-
ponent of the inflation gap, which turns out to be highly correlated
with the food and energy component of headline CPI inflation, has
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changed substantially. Because the unemployment gap is more per-
sistent than the residual component, the overall persistence of the
inflation gap has correspondingly changed over time. It would be
useful to have a version of GMN’s model that separated the infla-
tion gap into different components, as in Morley, Piger, and Rasche
(2015), in order to get a better sense of why the persistence of the
inflation gap and, therefore, inflation itself has changed.

4. Conclusion

Monetary policy appears to have played a role in stabilizing trend
inflation in advanced economies over the past fifty years, with the
superior forecasting performance of a model that takes formal infla-
tion targets into account providing particularly strong empirical sup-
port for this idea. The stabilization of trend inflation also appears
to have helped explain changes in the persistence of inflation over
time. However, changes in the persistence of the inflation gap may
be important too.

When analyzing the role of monetary policy in driving trend
inflation, it would be useful to consider a model that allows for mul-
tiple discrete regime changes at unknown points of time, including
allowing the variance of the change in trend inflation to sometimes
be zero in the case of fully anchored expectations, rather than just
assuming the only discrete change of this sort was with the formal
introduction of inflation targeting. In Kang, Kim, and Morley (2009),
we considered a univariate model of U.S. inflation that allowed for
discrete regime changes and found that estimates for the timing of
changes in trend volatility did, indeed, match with major changes
in the practice of U.S. monetary policy. This result provides even
more compelling support for the idea that monetary policy drives
trend inflation than a result based on imposing a regime change
corresponding to a known monetary event like the introduction of
an inflation target. Meanwhile, as discussed above, it would also be
useful to check whether changes in the level of trend inflation cor-
respond to changes in monetary practices as captured by changes
in the parameters of a Taylor rule or in the long-run growth rate of
money.

In terms of understanding changes in inflation persistence, it
would be useful to consider further multivariate analysis (beyond
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multiple measures of inflation) that allows for a changing compo-
sition of shocks driving the inflation gap, as well as allowing for
changes in the dynamic effects of these shocks. GMN argue against
the necessity of such multivariate analysis on the basis that Stock
and Watson (2009) and others have shown it is difficult to improve
inflation forecasts with other information beyond inflation, includ-
ing from an assumed Phillips-curve relationship. However, Stock and
Watson (2010) find that an “unemployment recession gap” (which
looks like a mirror image of the highly asymmetric output gap esti-
mated in Morley and Piger 2012) helps generate at least episodic
forecasting improvements over univariate forecasts of inflation. Thus,
any further multivariate analysis should take non-standard meas-
ures of economic slack and/or possibly non-linear specifications for
the Phillips curve into account in order to generate an improved
forecasting performance.

Because trend inflation is not directly observed, finding a bet-
ter measure for it is a crucial first step in understanding its role in
the overall behavior of inflation. GMN make an important contri-
bution to this effort by developing a flexible model that appears to
provide accurate estimates of trend inflation in the sense that they
forecast future inflation relatively well. However, more work needs
to be done in future research in order to nail down the empirical
sources of changes in trend inflation and inflation persistence.
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in 1990. In the years that followed, New Zealand implemented
labor market reform and became increasingly integrated in
world trade. We use a New Keynesian model with rich trade
microfoundations and labor market dynamics to study the per-
formance of inflation targeting versus alternative monetary
policy rules for New Zealand in relation to these market charac-
teristics and reforms. We show that nominal income targeting
would have been a better choice than inflation targeting or
price-level targeting prior to market reforms by delivering more
stable unemployment dynamics in a distorted economic envi-
ronment. Nominal income targeting would also have been bet-
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of labor market reforms, though inflation targeting allowed
for better management of the transition after trade integra-
tion. With New Zealand in its new long-run environment of
integrated trade and flexible labor markets, the welfare gap
between nominal income targeting and price/inflation target-
ing declines, as market reforms lower unemployment volatility.

JEL Codes: E24, E32, E52, F16, F41, J64.

1. Introduction

After a decade or more of disappointing economic performance,
beginning in 1984, with the election of the Labour Party, the New
Zealand government embarked upon a major restructuring of the
nation’s economy. The reforms that were undertaken touched almost
all facets of the economy, both public and private, and have on occa-
sion been characterized as being revolutionary; see, e.g., Grafton,
Hazledine, and Buchardt (1997)

A crucial element of the reforms was the Reserve Bank of New
Zealand (RBNZ) Act passed in late 1989 and taking effect in early
1990. The cornerstone of the Act was that the primary function of
the RBNZ was to conduct monetary policy so as to maintain price
stability across a broad spectrum of prices. The first Policy Targets
Agreement (PTA) published in early 1990 stated that the target
for the RBNZ was to maintain CPI inflation within a (0-2 percent)
band. This has subsequently been modified in minor ways in a revi-
sion to the PTA published in September 2012; see Kendall and Ng
(2013).

The objective of this paper is to evaluate the effectiveness of the
inflation-targeting policy as it has been implemented in conjunc-
tion with other reforms implemented by New Zealand. The model
we employ is one developed by Cacciatore and Ghironi (2012), used
to analyze the consequences of trade integration for monetary pol-
icy in open economies. This model is a New Keynesian extension of
Ghironi and Melitz (2005) that incorporates sticky prices and wages,
together with search-and-matching frictions in labor markets. By
incorporating endogenous costly entry of producers into domestic

'For an extensive discussion of the reforms, see Evans et al. (1996) and
Silverstone, Bollard, and Lattimore (1996).
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and export markets, the model makes it possible to analyze how
trade integration impacts micro-level and aggregate dynamics, and
how this matters for monetary policy. By incorporating labor mar-
ket frictions, the model is suited for analyzing labor market reform
and its consequences for macro policy.

The small open-economy version of the Cacciatore-Ghironi model
that we employ here is particularly well adapted to addressing issues
pertaining to the New Zealand experience of liberalization. In this
regard, while the reforms in New Zealand have been extremely
broad, we focus our attention on two aspects that are particularly
relevant and which, as noted, the model is well suited to address.
These include (i) trade liberalization, and (ii) labor market liberal-
ization B In assessing the inflation-targeting policy, we also compare
it with two natural alternatives that have received attention in recent
and ongoing policy discussions in New Zealand and other inflation-
targeting countries, namely nominal income targeting and price-level
targeting. The main conclusions we obtain include the following

e Strict nominal income targeting dominates inflation and price-
level targeting in the pre-deregulation scenario, as it stabilizes
unemployment fluctuations in the presence of distorted prod-
uct and labor markets. In this environment, inflation targeting
performs better than price-level targeting.

e Along the transitional dynamic path triggered by the imple-
mentation of reforms, strict inflation targeting performs bet-
ter than does strict nominal income targeting following trade

2Cacciatore, Fiori, and Ghironi (2015) use the model to study the conse-
quences of market reforms in Europe, including product market deregulation, for
U.S.-Europe interdependence and monetary coordination.

3Labor market liberalization was implemented through the Employment Con-
tracts Act (ECA) enacted in 1991, which substantially changed the way that
employers and employees contract with one another. One of its most profound
effects was to reduce union membership by almost 50 percent.

4A key feature of our analysis is that we focus on the interaction of the
inflation-targeting rule with two aspects of the market reforms. An earlier paper
by Buckle, Kim, and McLellan (2003) employs a structural VAR model to exam-
ine the effects of inflation targeting on the variability of inflation and business
cycles, but abstracting from any of the concurrent reforms that were taking place
in the New Zealand economy.
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liberalization. But strict nominal income targeting is more
beneficial in response to labor market deregulation.

e In the new, deregulated, environment, the welfare gap between
strict nominal income targeting and price/inflation targeting
declines, as market reforms eliminate some key distortions
that were responsible for inefficiently high volatility of job
creation. Interestingly, post-deregulation, price targeting dom-
inates inflation targeting when the labor market is flexible.

By incorporating producer dynamics and endogenous selection
into trade, our paper contributes to a vast literature on monetary
policy in New Keynesian small open-economy models where these
market characteristics are not incorporated, and only a reduced-
form approach to the consequences of trade integration for mone-
tary policy incentives is considered (usually by varying home bias
in preferences). This is the approach in many studies that build,
for instance, on Gali and Monacelli’s (2005) influential small open-
economy model. Our approach fully separates policy—a trade policy
action—from structural parameters in analyzing the effect of trade
on monetary policy incentives, and results. It relies on a model that,
as discussed by Cacciatore and Ghironi (2012), more successfully
reproduces international business-cycle statistics—especially with
respect to the effect of trade on the business cycle—than does the
standard New Keynesian framework without producer dynamics and
labor market frictions.

We also contribute to the literature on the consequences of mar-
ket reforms for fluctuations and macroeconomic policy, by focusing
on the case of New Zealand for a set of policy regimes not considered
in other studies. A recent strand of the literature introduces product
and labor market frictions into otherwise-standard real business-
cycle models to study the dynamic effects of market deregulation,
including transition dynamics and business-cycle implications of
reforms (see, for instance, Cacciatore and Fiori 2010 and Veracierto
QOOS)E Another line of research investigates the consequences of
labor (and product) market reforms for monetary policy in New Key-
nesian models where market reforms are modeled as exogenous cuts
in wage (and price) markups (see, for instance, Eggertsson, Ferrero,

5 A more complete list of references is available in Cacciatore and Fiori (2010).



Vol. 11 No. S1 Inflation Targeting and Economic Reforms 149

and Raffo 2014, and Fernandez-Villaverde, Guerrén-Quintana, and
Rubio-Ramirez 2011). Market reforms necessarily have deflationary
consequences and exacerbate zero lower bound issues in these exer-
cises. Exogenous markup cuts also improve the external balance by
immediately depreciating the terms of trade. The more structural
approach to market reforms that we adopt does not necessarily have
these implicationsﬁ

Finally, we contribute to a recent and growing literature that
studies macroeconomic dynamics following trade integration. In this
vein, our paper is closest to Cacciatore (2014) and Itskhoki and
Helpman (2014), who investigate how labor market frictions affect
short-run dynamics following trade integrationm We contribute to
this literature by investigating how monetary policy affects transi-
tional dynamics and the business-cycle implications of stronger trade
linkages.

The remainder of the paper is structured as follows. Section 2
describes the model, while section 3 sets out the alternative specifi-
cations of monetary policy. Our analysis treats New Zealand (NZ)
as a small open economy, which is impacted by certain key variables
in the rest of the world but has no impact on the rest of the world.
The relevant aspects of foreign aggregates are briefly summarized
in section 4. Section 5 calibrates the model, where we base the cal-
ibration parameters of the rest of the world on data pertaining to
the United States. Section 6 reports the numerical simulations in
the pre-deregulation phase, while section 7 discusses the macroeco-
nomic effects of the reform, both during the transition and in the
post-deregulation phase. Section 8 summarizes the sensitivity analy-
sis we have conducted, while section 9 concludes. Relevant technical
details of the model are summarized in an appendix.

See Cacciatore, Fiori, and Ghironi (2013) for an analysis of these issues and
optimal monetary policy in the context of a monetary union. Andrés, Arce, and
Thomas (2014) and Krebs and Scheffel (2014) contribute to this literature by
studying the consequences of debt overhang for the effects of exogenous markup
cuts, and by addressing the role of market incompleteness.

"Burstein and Melitz (2011), Costantini and Melitz (2011), and Kambourov
(2009) also study the transition dynamics following trade liberalization, abstract-
ing from the role of frictions in the labor market. Albertini, Kamber, and Kirker
(2012) estimate a model for New Zealand that incorporates search and frictional
unemployment, focusing on the resulting labor market dynamics.
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2. The Model

The model we employ is an application of the framework developed
by Cacciatore and Ghironi (2012). The difference is that NZ is the
prototype small open economy. As is now standard practice in the
literature, we model the small open economy as a limiting case of a
two-country dynamic general equilibrium model in which one coun-
try (the small open economy, also referred to as Home) is of measure
zero relative to the rest of the world (Foreign henceforth). As a con-
sequence, the policy decisions and macroeconomic dynamics of the
small open economy have no impact on Foreign. Next we describe in
detail the problem facing households and firms located in the small
open economy.

2.1 Household Preferences

The small open economy is populated by a unit mass of atomistic
households, where each household is viewed as an extended family
with a continuum of members along the unit interval. In equilibrium,
some family members are employed, while others are unemployed.
As is common in the literature, we assume that family members
insure each other perfectly against variations in labor income due
to changes in employment status, so that there is no ex post het-
erogeneity across individuals in the household (see Andolfatto 1996
and Merz 1995).

The representative household in the Home economy maximizes
the expected intertemporal utility function Eo> -, 8" [u(Cy) —
ltv(ht)], where 3 € (0,1) is the discount factor, C; is a consumption
basket that aggregates domestic and imported goods as described
below, I; is the number of employed workers, and h; denotes hours
worked by each employed worker. Period utility from consumption,
u(.), and disutility of effort, v(.), satisfy the standard assumptions.

The consumption basket C; aggregates Home and Foreign sec-
toral consumption outputs, Cy(n), in Dixit-Stiglitz (1977) form:

C, = [/01 Ct(n)%ldn]dﬁl, (1)
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where ¢ > 1 is the symmetric elasticity of substitution across goods.
The corresponding consumption-based price index is given by

_1

P = [/01 Pt(n)l_‘ﬁdn} o (2)

where P;(n) is the price index for sector n, expressed in Home
currency.

2.2 Production

There are two vertically integrated production sectors. In the
upstream sector, perfectly competitive firms use labor to produce
a non-tradable intermediate input. In the downstream sector, each
consumption-producing sector n is populated by a representative
monopolistically competitive multi-product firm that purchases the
intermediate input and produces differentiated varieties of its sec-
toral output. In equilibrium, some of these varieties are exported
while the others are sold only domesticallyﬁ

2.2.1 Intermediate Goods Production

There is a unit mass of intermediate producers. Each of them
employs a continuum of workers. Labor markets are characterized
by search-and-matching frictions as in the Diamond-Mortensen-
Pissarides (DMP) framework[d To hire new workers, firms need
to post vacancies, incurring a cost of k units of consumption
per vacancy posted. The probability of finding a worker depends
on a constant-returns-to-scale matching technology, which converts
aggregate unemployed workers, U;, and aggregate vacancies, V4, into
aggregate matches, M; = XUtl_g‘/f, where x > 0 and 0 < ¢ < 1.
Each firm meets unemployed workers at a rate ¢¢ = M;/V;. As in
Krause and Lubik (2007) and other studies, we assume that newly
created matches become productive only in the next period. For

8This production structure greatly simplifies the introduction of labor market
frictions and sticky prices in the model.
9See Diamond (1982a, 1982b) and Mortensen and Pissarides (1994).
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an individual firm, the inflow of new hires in period ¢ 4+ 1 is there-
fore q;v¢, where vy is the number of vacancies posted by the firm in
period t

Firms and workers can separate exogenously with probability
A € (0,1). Separation occurs only between firms and workers who
were active in production in the previous period. As a result, the
law of motion of employment, I; (those who are working at time t),
in a given firm is given by l; = (1 — A\)l;—1 + qt—10¢—1.

The representative intermediate firm produces output y! =
Zilihy, where Z; is exogenous aggregate productivity We normal-
ize steady-state productivity, Z, to 1 and assume that Z; follows
an AR(1) process in logarithms, log Z; = ¢z log Z; 1 + €;, where €,
represents i.i.d. draws from a normal distribution with zero mean
and standard deviation o.

As in Arseneau and Chugh (2008), firms face a quadratic cost
of adjusting the hourly nominal wage rate, w;. For each worker,
the real cost of changing the nominal wage between period ¢t — 1
and t is ﬁwi,t /2, where ¢ > 0 is in units of consumption and
Tw,t = (wy/wi—1) — 1 is the net wage inflation rate. If ¥ = 0, there
is no cost of wage adjustment.

Intermediate goods producers sell their output to final producers
at a real price ¢, expressed in units of consumption. Intermediate
producers choose the number of vacancies, v;, and employment, [;,
to maximize the expected present discounted value of their profit
stream:

ot Ut wy 9,
Ey Zﬂtiv <90tZtltht — —lihy — w4l — m;) ,
=0 uc, P, 2

subject to the dynamics of employment, where uc; denotes the mar-
ginal utility of consumption in period t. Profit in any period consists
of output sales less labor costs inclusive of wage adjustment costs
plus vacancy costs. Future profits are discounted at the stochastic
discount factor of domestic households, who are assumed to own
Home firms.

101y equilibrium, v; = V4.
"' Note that the assumption of a unit mass of intermediate producers ensures
that y{ is also the total output of the intermediate sector.
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Combining the first-order conditions for vacancies and employ-
ment yields the following job-creation equation:

K K
— =L {5t,t+1 [(1 —AN)— + 11 Ziv1higa
qt gt+1
Wi+1 )
_7Pt+1 hiy1 — 27T121),t+1] } ) (3)

where (; 141 = Buc t+1/uc, is the one-period-ahead stochastic dis-
count factor. The job-creation condition states that, at the optimum,
the vacancy-creation cost incurred by the firm per current match is
equal to the expected discounted value of the vacancy-creation cost
per future match, further discounted by the probability of current
match survival 1 — A, plus the profits from the time-¢ match. Prof-
its from the match take into account the future marginal revenue
product from the match and its wage cost, including future nominal
wage adjustment costs.

Wage and Hours. The nominal wage is the solution to an indi-
vidual Nash bargaining process, and the wage payment divides the
match surplus between workers and firms. Due to the presence of
nominal rigidities, we depart from the standard Nash bargaining con-
vention by assuming that bargaining occurs over the nominal wage
payment rather than the real wage payment With zero costs of
nominal wage adjustment (¢ = 0), the real wage that emerges would
be identical to the one obtained from bargaining directly over the
real wage. This is no longer the case in the presence of adjustment
costs.

The details of wage determination are set out in the appendix.
There we show that the equilibrium sharing rule can be written as
NwtHe = (1 — Nw,t)Ji, where 0y, is the bargaining share of firms,
H; is worker surplus, and J; is firm surplus (see the appendix for
the expressions). As in Gertler and Trigari (2009), the equilibrium
bargaining share is time varying due to the presence of wage adjust-
ment costs. Without these costs, we would have a time-invariant
bargaining share 7,,+ = 1, where 7 is the weight of firm surplus in
the Nash bargaining problem. (The steady-state value of 7y, ¢, M,

12The same assumption is made by Arseneau and Chugh (2008), Gertler, Sala,
and Trigari (2008), and Thomas (2008).



154 International Journal of Central Banking September 2015

differs from 7 if wages are sticky and there is non-zero steady-state
wage inflation.)
The bargained wage satisfies

w v(h 9
Jht = Nuw,t < u(ctt) + b) + (1 - nw,t) (S@tZtht - 27T121},t>

+ E; {5t,t+1Jt+1 [(1 — N1 = Nw,e)

=A== ) 2| (1)

Nw,t+1

where v(ht)/uc+ +b is the worker’s outside option (the utility value
of leisure plus an unemployment benefit b), and ¢; is the probability
of becoming employed at time t, defined by t; = M;/U;. With flex-
ible wages, the third term on the right-hand side of this equation
reduces to (1 — 1)t Ey(Bt t+1Je+1), or, in equilibrium, (1 — 1)t/ q:.
In this case, the real wage bill per worker is a linear combination—
determined by the constant bargaining parameter n—of the worker’s
outside option and the marginal revenue product generated by the
worker (net of wage adjustment costs) plus the expected discounted
continuation value of the match to the firm (adjusted for the prob-
ability of worker’s employment). The stronger the bargaining power
of firms (the higher 7), the smaller the portion of the net marginal
revenue product and continuation value to the firm appropriated by
workers as wage payments, while the outside option becomes more
relevant. When wages are sticky, bargaining shares are endogenous,
and so is the distribution of surplus between workers and firms.
Moreover, the current wage bill reflects also expected changes in
bargaining shares.

As is common practice in the literature, we assume that hours per
worker are determined by firms and workers in a privately efficient
way, i.e., SO as to maximize the joint surplus of their employment
relationl’? The joint surplus is the sum of the firm’s surplus and the
worker’s surplus, i.e., J; + Hy, as defined in (24) and (27). The max-
imization yields a standard intratemporal optimality condition for
hours worked that equates the marginal revenue product of hours

13See, among others, Thomas (2008) and Trigari (2009).
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per worker to the marginal rate of substitution between consumption
and leisure: vy, +/uct = ¢t Z¢, where vy, ¢ is the marginal disutility of
effort.

2.2.2 Final Goods Production

A contribution of Cacciatore and Ghironi (2012) is to show how price
stickiness can be introduced in a tractable way in the Ghironi-Melitz
(2005) model of trade and macroeconomic dynamics, while preserv-
ing the aggregation properties of Melitz’s (2003) heterogeneous firms
model. This is done by introducing price stickiness at the level of sec-
toral product bundles for domestic sale and export that aggregate
individual product varieties produced by plants with heterogeneous
productivity. In this subsection we describe final goods creation and
production, the export decision, and price setting.

In each consumption sector, n, the representative, monopolisti-
cally competitive firm n produces the sectoral output bundle, Y;(n),
sold to consumers in Home and Foreign. Producer n is a multi-
product firm that produces a set of differentiated product varieties,
indexed by w and defined over a continuum §2:

v = ([ yt<w,n>ee“dw)961, (5)

[S29]

where 6 > 1 is the symmetric elasticity of substitution across prod-
uct varieties[4

Each product variety y(w,n) is created and developed by the
representative final producer n. Since consumption-producing sec-
tors are symmetric in the economy, we omit the index n to simplify
notation. The cost of the product bundle Y;, denoted by P/, is

P = <Ljﬂp?(w)19dw> - ) (6)

where p}(w) is the nominal marginal cost of producing variety w.

"Sectors (and sector-representative firms) are of measure zero relative to the
aggregate size of the economy. Notice that Y;(n) can also be interpreted as a
bundle of product features characterizing product n.
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The number of products created and commercialized by each
final producer is endogenously determined. At each point in time,
only a subset of varieties {); C (2 is actually available to consumers.
To create a new product, the final producer needs to undertake a
sunk investment, f.;, in units of intermediate input. Product cre-
ation requires each final producer to create a new plant that will pro-
duce the new Variety Plants employ different technologies indexed
by relative productivity z. To save notation, we identify a variety
with the corresponding plant productivity z, omitting w. Upon prod-
uct creation, the productivity level of the new plant z is drawn from
a common distribution G(z) defined over [zmin,00). This relative
productivity level remains fixed thereafter. Each plant uses interme-
diate input to produce its differentiated product variety, with real
marginal cost:

)
_pi(2) _ o
z = —_— . 7
¥ )t Pt 2 ( )

At time ¢, each final Home producer commercializes Ng; vari-
eties and creates N.; new products that will be available for sale
at time ¢ + 1. New and incumbent plants can be hit by a “death”
shock with probability § € (0,1) at the end of each period. The law
of motion for the stock of producing plants is

Nd,t+1 = (1 - 5)(Nd,t + Ne,t)'

When serving the Foreign market, each final producer faces per-
unit iceberg trade costs, 7w > 1, and fixed export costs, fz,t Fixed
export costs are denominated in units of the intermediate input and
are paid for each exported product. Thus, the total fixed cost is

15 Alternatively, we could model product creation by assuming that monopolis-
tically competitive firms produce product varieties (or features) that are sold
to final producers, in this case interpreted as retailers. The two models are
equivalent. Details are available upon request.

1Empirical micro-level studies have documented the relevance of plant-level
fixed export costs—see, for instance, Bernard and Jensen (2004). Although a sub-
stantial portion of fixed export costs are probably sunk upon market entry, we
follow Ghironi and Melitz (2005) and do not model the sunk nature of these costs
explicitly. We conjecture that introducing these costs would further enhance the
persistence properties of the model. See Alessandria and Choi (2007) for a model
with heterogeneous firms, sunk export costs, and Walrasian labor markets.
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Fy+= Ny tfet, where N, ; denotes the number of product varieties
(or features) exported to Foreign. Without fixed export costs, each
producer would find it optimal to sell all its product varieties in
Home and Foreign. Fixed export costs imply that only varieties pro-
duced by plants with sufficiently high productivity (above a cut-off
level z, ¢, determined below) are exported

To proceed further, we define two special average productivity
levels (weighted by relative output shares): (i) an average Z;4 for all
producing plants, and (ii) an average Z, ; for all plants that export:

o0 71
Zd = [/ zeldG(z)] ,

= | ai) l/m )

We assume that G(-) is a Pareto distribution with shape parameter,

6—1

kp, > 60 — 1. As a result, z5 = aﬁzmin and Z,; = aﬁzx,t, where
a = kp/[kp, — (0 —1)]. Thus, the share of exporting plants is given by

—k
Zmin P kp
vat = []. — G(Zz,t)]Nd,t = ( = > OZQ*INdJ. (8)

Zz,t

The output bundles for domestic and export sale, and associated
unit costs, are defined as follows:

% . ey
Yd,t:[ / yd,t(z)gedG(z)} ,

Yo, = [ / T ) Tdee)| (9)

"Notice that Zz,¢ is the lowest level of plant productivity such that the profit
from exporting is positive.



158 International Journal of Central Banking September 2015

1
-0

/wpﬂakwauﬂ |

Zmin

-

1
1—0

/mﬁwﬁwaa (10)

Z:L,t

P:zlzl,t:[

Using equations (7) and (10), the real costs of producing the
bundles Yy and Y, ; can then be expressed as

Pé{t _ lelgﬁ P;t _ lelg Pt (11>
Pt d,t 2d7 Pt x,t 2m,t'

The present discounted cost facing the final producer in the
determination of product creation and the export bundle is thus

>0 pY Py
B Brs |5 Yas + 7Y,
t {S_t t,s Ps 8 s Ps x,s

Ny
+ <1 _+(1$ _ Ns> fe,sSDs + Nac,sfoc,ssos] } .

The producer chooses Ng:4+1 and the productivity cutoff z, . to
minimize this expression subject to (8), (11), and 2, ; = a7 1 zx,t
The first-order condition with respect to 2, ; yields

PY —
x,t Yx,tTt — (0 1)kp
P [kp — (0 —1)]

The above condition states that, at the optimum, marginal revenue
from adding a variety with productivity z,: to the export bundle
has to be equal to the fixed cost. Thus, varieties produced by plants
with productivity below z,; are distributed only in the domestic
market. The composition of the traded bundle is endogenous, and
the set of exported products fluctuates over time with changes in
the profitability of export.

The first-order condition with respect to Ng ;41 determines prod-
uct creation:

fm,tNac,t(Pt- (12>

18Bquation (8) implies that by choosing zs,: the producer also determines Ny ;.
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N,
Oifer = (1—0)E; {/Bt,t-‘rl [%H (fe,t+1 - N JaR fx,t+1>
d,t+1

1 <Pczl/,t+1yd,t+1 Pfc/,tHYx,t—H Nx,tJrl )] }
+ Tt4+1 .

+
0—1\ PyiNaty1  Piy1Naety1 Nagta

In equilibrium, the cost of producing an additional variety, ¢ fe ¢,
must equal its expected benefit (expected savings on future sunk
investment costs augmented by the marginal revenue from commer-
cializing the variety, net of fixed export costs, if it is exported).

We are now left with the determination of domestic and export
prices. We denote by Py, the price (in Home currency) of the prod-
uct bundle Y;; and let P,; be the price (in Foreign currency) of
the exported bundle Y, ;. Each final producer faces the following
domestic and foreign demand for its product bundles:

—¢ -
Pd,t Pcz:,t *
Yd,t = < Pt > }/tc, Yr,t = ( i > th ,

t

where Y,¢ and Y;C* are aggregate demands of the consumption
basket in Home and Foreign. Aggregate demand in each country
includes sources other than household consumption, but it takes the
same form as the consumption basket, with the same elasticity of
substitution ¢ > 1 across sectoral bundles. This ensures that the
consumption price index for the consumption aggregator is also the
price index for the aggregate demand of the basket.

Prices in the final sector are sticky. We follow Rotemberg (1982)
and assume that final producers must pay quadratic price adjust-
ment costs when changing domestic and export bundle prices, which
we assume are set in accordance with producer currency pricing
(PCP): Each final producer sets Py and the domestic currency price
of the export bundle, P¢,, letting the price in the foreign market be

;B t)
P.i =1 m’t/St, where S; is the nominal exchange rate (units of
Home currency per unit of Foreign). The nominal costs of adjusting

domestic and export price are, respectively, I'g; = v7rc2lth7tYd,t /2
and I‘g,t = vﬂgftPg‘ith,t /2, where v > 0 determines the size of
the adjustment costs (domestic and export prices are ﬂexible if
v =0),7a, = (Pat/Pai— 1)_land77xt—( t/ tl)
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In the absence of fixed export costs, the producer would set a
single price Py; and the law of one price (adjusted for the pres-
ence of trade costs) would determine the export price as P,; =
1¢Py+ = Py+/S:. With fixed export costs, however, the composition
of domestic and export bundles is different, and the marginal costs
of producing these bundles are not equal. Therefore, final producers
choose two different prices for the Home and Foreign markets even
under PCP.

We relegate the details of optimal price setting to the appendix.
We show there that the (real) price of Home output for domestic
sales is given by

Py _ o) Pc?l/,t (13)
Py (¢—1)Zas \ P )’
where
v v
Egi=1— =72 —_— 1
d,t 27Td,t + @—1) {m,t( + Td.t)

(14 7ae41)? Yaei1

—F
K 1 +7Tg_1 Yd,t

5t,t+177d,t+1

} (14)

and 7oy = (P;/P,1) — 1. As expected, price stickiness introduces
endogenous markup variations: The cost of adjusting prices gives
firms an incentive to change their markups over time in order
to smooth price changes across periods. When prices are flexible
(v =0), the markup is constant and equal to ¢/(¢ — 1).

The (real) price of Home output for export sales is equal to

Py
Bt (52), (15
P; (¢ — 1)‘:’:c7t QP

where Q; = S;P;"/P; is the consumption-based real exchange rate
(units of Home consumption per units of Foreign), and

=d _ v_a? v d . d
=, =1-2 —Qa
x,t 27ra:,t + (¢ o 1) {( + 7Ta:,t)7ra:,t

(1478 11)? Yo
1 + ng-l Yx,t

}_ (16

d
- E; [ﬁt,tﬂ-lﬂx,wl



Vol. 11 No. S1 Inflation Targeting and Economic Reforms 161

Absent fixed export costs, 2+ = Zmin and Eg’t = Z4+ Plant het-

erogeneity and fixed export costs, instead, imply that the law of one
price does not hold for the exported bundles.
For future purposes, define the average real price of a domes-
1

tic variety, pq+ = N, ;7;1 (Pa.t/P;), and the average real price of an

I
exported variety, p,; = Nj;l (Py ¢/ Py). Combining equations (11),
(13), and (15), we have

~ Pt ~ Tt Pt
dit = Mdit = it = Mot~ = > 17
Pdt = M tzd Pzt = M tQth (17)

where s = 0/[(6 — Va4 and s = ¢/1(6 — 1)E2,]. Finally,
letting 94+ and g, denote the average output of, respectively, a
domestic and exported variety, we have

0=¢ PR S
Jau = PgiNG L YE,  ea =y NS Y (18)

2.3 Household Budget Constraint and Intertemporal
Decisions

International assets markets are incomplete, as the representative
household can invest only in nominal riskless bonds denominated
in Home and Foreign currency. Home-currency-denominated bonds
are traded only domestically. Let A;y; and A, ;41 denote, respec-
tively, nominal holdings of Home and Foreign bonds at Home[9
To ensure a determinate steady-state equilibrium and stationary
responses to temporary shocks in the model, we follow Turnovsky
(1985) and, more recently, Benigno (2009) and assume a quadratic
cost of adjusting Foreign bond holding, (A ¢y1/P;)%/229 These
costs are paid to financial intermediaries whose only function is to
collect these transaction fees and to rebate the revenue to households
in lump-sum fashion in equilibrium.

19Foreign nominal holdings of Foreign bonds are denoted by Al

20Given that idiosyncratic risk is pooled among domestic households, and
foreign households only trade foreign-currency-denominated bonds, domestic-
currency-denominated bonds are in zero net supply. That is, in reality only
foreign-currency-denominated bonds are traded in equilibrium. As a result, defin-
ing the intermediation costs over the foreign currency bond only is sufficient to
pin down the overall steady-state net foreign asset position.
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The Home household’s period budget constraint is

W A\
App1 + StAs 41 + §Stpt* ( *Pt:_ ) + P,Cy
t

= (1+ie)Ar + (1 + ) Aus St + we L + Pob(1 — 1) + T
+TA+ T +TF,

where 4; and i} are, respectively, the nominal interest rates on Home
and Foreign bond holdings between ¢t —1 and ¢, known with certainty
as of t — 1. Moreover, T is a lump-sum transfer (or tax) from the
government, T/ is a lump-sum rebate of the cost of adjusting bond
holdings from the intermediaries to which it is paid, and T} and T}
are lump-sum rebates of profits from intermediate and final goods
producers

Let at+1 = Aty1/P; denote real holdings of Home bonds (in units
of Home consumption) and let a, 141 = As 111/ P, denote real hold-
ings of Foreign bonds (in units of Foreign consumption). The Euler
equations for bond holdings are

. Btt+1)
1=(1 By ——— 19
(1 + 1) By { e (19)
1 (1+i* \E @y 20
+ wa*tJrl - ( + lt-l—l) t ﬁt7t+1 Qt(l g ) ) ( )
Cit+1

where 7f,, = (P /P_y) — 1.

We present below the law of motion for net foreign assets that
follows from imposing equilibrium conditions in the household’s bud-
get constraint. Other details on the equilibrium can be found in the
appendix.

2n equilibrium,
TS = —Pb(1—1i), T/ = SePi(¥/2)(Aui41/P)?,
T! = Pi(peZiels — (wi) Po)ly — (9/2)m0 o1i — AV3),

—1 v - N -1 v - -
T = (L — *(ﬂ'd,t)2) PatNatTar + Qr <Mmt7 — *(Wz,t)2>pz,th,tyz,t
Hd,t 2 Ha,t 2

— 0t(Napt fo,t + Netfert).
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2.4  Net Foreign Assets and the Trade Balance

Bonds are in zero net supply, which implies that the equilibrium for
the domestic bonds, being non-traded, is a; = 0 in all periods. Home
net foreign assets are determined by

144f

Qe 1 = Qe 75— ut + QtNo s ¥t — N P Yo t-
Tot

Defining 1+7; = (1+14f)/(1+7¢ ), the change in net foreign assets
between t and ¢ + 1 is determined by the current account:

Qi(ts 141 — asy) = CAy = Qurias, + Thy,
where TB; is the trade balance:

TB; = QtNuy tpz,tTet — Ny 1P 1Tt

3. Monetary Policy and Data-Consistent Variables

Before describing the interest rate setting rule, we must address an
issue that concerns the data that are actually available to the central
bank, i.e., we need to determine the empirically relevant variables
that should enter the theoretical representation of historical policy.
As pointed out by Ghironi and Melitz (2005), in the presence of
endogenous product creation and “love for variety” in the produc-
tion of final consumption varieties, variables measured in units of
consumption do not have a direct counterpart in the data, i.e., they
are not data consistent. As the economy experiences entry of Home
and Foreign firms, the welfare-consistent aggregate price index P;
can fluctuate even if product prices remain constant. In the data,
however, aggregate price indexes do not take these variety effects into
account [2q To resolve this issue, we follow Ghironi and Melitz (2005),
and we construct an average price index P; = (Ng ¢ —|—N;7t)1/(9*1)Pt.
The average price index P; is closer to the actual CPI data con-
structed by statistical agencies than is the welfare-based index P,
and, therefore, it is the data-consistent CPI implied by the model.

22There is much empirical evidence that gains from variety are mostly unmeas-
ured in CPI data, as documented most recently by Broda and Weinstein (2010).
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In turn, given any variable X; in units of consumption, its data-
consistent counterpart is Xp, = Xi P/ ]5,5. The data-consistent CPI
inflation rate is 7 = (P,/P,_1) — 1.

We now specify the monetary policy adopted by the small open
economy. As Huang, Margaritis, and Mayes (2001) have shown, a
standard Taylor (1993) rule describes New Zealand monetary policy
quite well. In order to capture the basic policy of inflation target-
ing, we begin by assuming that the central bank of the small open
economy sets the contemporaneous policy interest rate, according to

P
g, [ L
Py

where Y}%t = Yr./ Ygff * denotes the output gap—deviations of
real output, Yr ¢, from real output under flexible prices and wages,

On

1—o0;
(Yg,f”} ,

1+ = (144)% {(1 +1i)

Yl{lf ¥ —and Pt denotes deviations of the data-consistent CPI from
trend. (Here and for nominal income below, deviations from trend
are defined as ratios to trend levels.)

One of our objectives is to compare this with alternative mone-
tary policies and, in this regard, we specify the price-level targeting
and nominal income targeting policies as follows:

Price-level targeting:

1—o:

) . ) . ~ op ~ Oy 9
i = (ki)e [0 (Bbe) ™ (v2,) 7]

Nominal income targeting:
N Oy N /A oyg1l—0i
L+ = (141i)” {(1 +1) (Etytjik> ' (Yg’t) } ’

where YtN denotes deviations of nominal income from trend.
The three policy rules above can be written more compactly as

o

. 1-I, N
P v oy \Iyw
1+it+1=<1+¢t>@f{<1+i> Et<qff’“ ) (B¥2) ™
Pt+k—l

N oye ) 170
(1)} 1)
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where Ip and Iy~ take value zero or one. Inflation targeting implies
Ip = 1 and Iy~ = 0; price-level targeting implies Ip = Iy~ = 0;
nominal income targeting implies Iy~ = 1. Two points regarding the
specification of (21) merit comment insofar as the Reserve Bank of
New Zealand is concerned. First, it allows for a lagged adjustment,
reflecting a policy of interest rate smoothing and cautious adjust-
ment in response to multiplicative uncertainty (Tarkka and Mayes
1999). Second, it allows for a forward-looking policy according to
which the interest rate is adjusted to k-period forecasts of inflation,
prices, and output; see Huang, Margaritis, and Mayes (2001). In our
benchmark specification we set k = 0.

Table 1 summarizes the key equilibrium conditions of the model.
The table contains thirteen equations that determine thirteen
endogenous variables of interest: C, pa.t, s, he, Vi, Nav,wi /Py, Za 1,
T ts TOts G415 u t+1, and Q. (Other variables that appear in the
table are determined as described above.)

4. Foreign Aggregates

As summarized in table 1, six Foreign variables directly affect the
macroeconomic dynamics in the small open economy: Y,© i}, Tt

Ny 4 Unt» Pry- Aggregate demand, Y;C*, the nominal interest rate,
iy, and inflation, 7¢, ,, are determined by treating the rest of the
world (Foreign) as a closed economy that features the same produc-
tion structure, technology, and frictions that characterize the small
open economy Here we focus on the determination of the number
of Foreign exporters, N; ,, the average output of Foreign exported
varieties, ¢y ;, and their average relative price, pj ;. Since the small
open economy is infinitesimally small relative to the rest of the world,
these variables affect macroeconomic dynamics in the small open
economy without having any effect on Y,¢*, i}, and Tt

We assume that Foreign producers solve a profit-maximization
problem that is equivalent to that faced by Home producers, includ-
ing the assumption that export prices are denominated in producer
currency. The number of Foreign exporters is a time-varying fraction

%We do not report the details of the foreign economy. They are discussed in
depth by Cacciatore and Ghironi (2012).
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of the number of Foreign producers that serve their domestic market:
Zmi —Fp kp
M= [1-6 )] Na= (22) e,
9 b b Zx,t 9
where Z} , is determined by imposing a zero export-profit condition

that is the Foreign counterpart to equation (12):

~x—0 1—6 C ( .’,U,t *
N Y- = —— .
px,t x,t t kp (9 1) Tt* f:mt

In the above expression, 7;° and f;, denote, respectively, iceberg
trade costs and fixed export costs for Foreign firms (both costs are
exogenous). The average output of a variety exported by Foreign to
Home is

~x [~k \— P * % C
ym,t - (px,t) (Nx,t) Y;t i
where the average relative price pj , is given by

(P*
~% _ * * t
Iow,t - Qtlu'a:,tTt %

x,t

In the above expression, ¢; denotes the marginal costs of produc-
tion of an individual variety in the rest of the world; the term pj ,
denotes the export markup:

Moy = §t7¢
! (¢ — 1)5;:?7&’

where

1% 2
—=xd _— *d *d \,_*d
—x,t — 1- §7rw,t + V(l + 7Ta:,t)7ra:,t

v * *d *d Y*atJrl
_mEt B a1 (14 o) ;C/m*t )

Vi, = (Vi)™ L4 = (L4 m5,)(Quea/Q0) (5 4/ 1)
denotes Foreign export price inflation, and & is a Foreign export
markup shock that we will use to introduce shocks to the terms of
trade in our sensitivity analysis below.
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5. Calibration and Model Properties

5.1 Calibration

We interpret periods as quarters and calibrate the rest-of-the-world
parameters to match standard post-war U.S. macroeconomic data.
With the exception of the workers’ bargaining power, the monetary
policy coefficients appearing in the interest rate rule, and the process
of exogenous shocks, we assume that the parameters that character-
ize the small open economy are symmetric to the rest of the world.
Given that NZ is an advanced economy, we view this as being a
plausible assumption. Table 2 summarizes the calibration. (Vari-
ables without time indexes denote steady-state levels; parameters
denoted with an asterisk are specific to the rest of the world, i.e., the
calibration of those parameters is not symmetric across countries.)

5.1.1 Rest of the World

We set the discount factor S to 0.99, implying an annual real
interest rate of 4 percent. The period utility function is given by
uw = C7° /(1 = 4¢) — Lhi T /(1 + ). The risk aversion coef-
ficient ¢ is equal to 2, while the Frisch elasticity of labor supply
1/4p is set_to 0.4, a midpoint between empirical micro and macro
estimates 24 The elasticity of substitution across product varieties,
0, is set to 3.8 following Bernard et al. (2003), who find that this
value fits U.S. plant and macro trade data. Following Ghironi and
Melitz (2005), we set the elasticity of substitution across Home and
Foreign goods, ¢, equal to #. Also as in Ghironi and Melitz (2005),
we set k, = 3.4 and normalize zyin to 1.

To ensure steady-state determinacy and stationarity of net for-
eign assets, we set the bond adjustment cost parameter 1 to 0.0025
as in Ghironi and Melitz (2005). The scale parameter for the cost of

24The value of this elasticity has been a source of controversy in the literature.
Students of the business cycle tend to work with elasticities that are higher than
microeconomic estimates, typically unity and above. Most microeconomic stud-
ies, however, estimate this elasticity to be much smaller, between 0.1 and 0.6. For
a survey of the literature, see Card (1994). Keane and Rogerson (2012) offer a
reconciliation that credibly supports the range of estimates typically adopted in
macroeconomic simulations. Our results are not affected significantly if we hold
hours constant at the optimally determined steady-state level.
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Parameter
Risk Aversion Yo =2
Frisch Elasticity 1/, =0.28
Discount Factor £ =0.99
Elasticity Matching Function e=04
Firm Bargaining Power n=0.6
Unemployment Replacement Rate b/w = 0.54
Exogenous Separation A=0.1
Vacancy Cost k = 0.08
Matching Efficiency x =0.73
Elasticity of Substitution 0=38
Plant Exit 0 =10.035
Pareto Shape kp =3.4
Pareto Support Zmin = 1
Sunk Entry Cost fe=0.51
Fixed Export Costs f» =0.003
Iceberg Trade Costs T=1.52
Rotemberg Wage Adjustment Cost ¥ = 260
Rotember Price Adjustment Cost v =280
Policy Rule—Interest Rate Smoothing 0i =20
Policy Rule—Inflation Parameter or =1.44
Policy Rule—Output-Gap Parameter oys = 0.18
Bond Adjustment Cost 1 = 0.0025

adjusting prices, v, is equal to 80, as in Bilbiie, Ghironi, and Melitz
(2008). We choose ¥, the scale parameter of nominal wage adjust-
ment costs, so that the model reproduces the volatility of unemploy-
ment relative to GDP observed in the data. This implies 9 = 260. To
calibrate the entry costs, we follow Ebell and Haefke (2009) and set
fe so that regulation costs imply a loss of 5.2 months of per capita
output.

Unemployment benefits, b, are equal to 54 percent of the steady-
state wage, the average value for the United States reported by
OECD (2004). The steady-state bargaining share of workers, 1 —n*,
is equal to 0.4, as estimated by Flinn (2006) for the United States.
The unemployment elasticity of the matching function, 1 — ¢, is also
equal to 0.6, within the range of estimates reported by Petrongolo
and Pissarides (2006) and such that the Hosios condition holds in
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steady state. The exogenous separation rate between firms and work-
ers, A, is 10 percent, as reported by Shimer (2005). To pin down
exogenous plant exit, J, we target the portion of worker separa-
tion due to plant exit equal to 40 percent reported by Haltiwanger,
Scarpetta, and Schweiger (2008).

Two labor market parameters are left for calibration: the scale
parameter for the cost of vacancy posting, x, and the matching effi-
ciency parameter, x. We set these parameters to match the steady-
state probability of finding a job and the probability of filling a
vacancy. The former is 60 percent, while the latter is 70 percent, in
line with Shimer (2005).

For the productivity process, we follow King and Rebelo (1999)
and set persistence equal to 0.979 and standard deviation of inno-
vations to 0.0072. In our benchmark scenario, we assume that there
are no shocks to the Foreign export markup, i.e., we set & = 1 in all
periods. Finally, the parameter values in the policy rule for the Fed-
eral Reserve’s interest rate setting are those estimated by Clarida,
Gali, and Gertler (2000). The inflation and GDP gap weights are
1.65 and 0.34, respectively, while the smoothing parameter is 0.71.

5.1.2  Small Open Economy

As discussed above, parameters are assumed to be symmetric across
countries, with the exception of the firm’s bargaining power, 7, the
coefficients appearing in the interest rate rule (21), and the standard
deviation of productivity innovations. Moreover, three exogenous
variables are specific to the small open economy: the fixed export
cost, fr¢; iceberg trade costs related to imports, 7;°; and iceberg
trade costs related to exports, 7:. We assume that these costs are
constant, except for one-time, permanent changes in iceberg costs
associated with trade integration. Thus, we drop the time index for
simplicity. Moreover, we assume that iceberg trade costs related to
imports (exports) are the sum of tariffs, 77 (77, and non-tariff bar-
riers, 7V (TNT) de, 78 = 14+ 77 + 7V (1 = 1+ 77 4+ 7NT),

Moreover, we let 7 = 7%, so that in the benchmark scenario
trade costs associated with exports and imports are assumed to be
symmetric.

For the parameters that we use to capture market reforms
(flexible-wage, worker bargaining power, and tariffs: n, 77, and 77),
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we consider two alternative parameterizations. The first one captures
the level of market regulation prior to the introduction of reforms
in NZ. In this case, we set 1 — n = 0.8, since trade-union density
in NZ was approximately twice as large as in the United States,
and 777 = 77 = 0.2729 The second parameterization reflects the
adoption of market reforms. Consistent with the observed 30 percent
reduction in union density, we set 1 —n = 0.65, and consistent with
the observed tariff reductions, we set 77~ = 0.07. For Foreign tariffs,
we consider two alternative scenarios: In one, we leave 77 = 0.27;
in the other, we consider a symmetric reduction also in 77 to 0.07.
We treat these parameter changes as permanent shocks to NZ and
study the response of the economy to these shocks under alternative
policy regimes.

We consider different cases for the policy rule (21), depending
on the specific monetary policy regime at study—inflation target-
ing (IT), price-level targeting (PLT), and nominal income target-
ing (NIT). The benchmark rule is historical NZ’s monetary policy
post-1990, which corresponds to the inflation-targeting regime. As
described above, this implies setting the indicator parameters Ip = 1
and Iy, = 0 in the policy rule (21). Consistent with the estimates in
Huang, Margaritis, and Mayes (2001), we set k = 0, 0; = 0, 0 = 1.44,
and gys = 0.1812% When we consider the alternative scenarios of
price-level or nominal income targeting, we keep k£ and the response
coefficients g;, ¢, and pys at these values, but we change the tar-
gets in the policy rule by resetting the indicator parameters in
(21) appropriately: Ip = Iy~ = 0 for price-level targeting and
Iy~ = 1 for nominal income targeting. Under all policy scenarios,
the data-consistent CPI in the initial steady state is normalized to
1. Under IT, the target inflation rate is 1.5 percent annually as dic-
tated by the RBNZ mandate. Under PLT, the target price-level path
is the path implied by 1.5 percent annual inflation starting from the

*Data are available at http://www.oecd.org/employment /emp/onlineoecdem
ploymentdatabase.htm#epl.

26The figures refer to table 3, column 3 on page 189 of their article. Notice
that the authors show that a Taylor rule with the standard parameters used in
the United States also describes NZ monetary policy quite well. However, their
estimates point out that the RBNZ has focused more strongly on price stability,
as required by its Policy Targets Agreements.
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initial data-consistent CPI level of 1. Under NIT, the target nom-
inal income path is the path implied by the steady-state level of
data-consistent real GDP times the price level implied by 1.5 per-
cent annual inflation starting from the initial data-consistent CPI
level of 1. For illustrative purposes, for all three policy regimes,
we also consider scenarios of strict targeting, in which the rele-
vant target variable is fully stabilized at the trend target in all
periods.

Finally, we choose f, so that the share of exporting plants is equal
to 30 percent and set non-tariff barriers equal to 0.45, an average
of the estimates provided by Winchester (2009) for NZ. We set the
persistence of productivity and the volatility of innovations to match
the autocorrelation and volatility of NZ’s labor productivity over the
period 1990-2014. This requires setting ¢z = 0.95 and o, = 0.095.

5.2 Model Properties

We now discuss the propagation of aggregate shocks in the model
and compare business-cycle dynamics under historical monetary pol-
icy (inflation targeting) relative to the data.

Figure 1 shows the impulse responses to a 1 percent innova-
tion in Home (NZ) productivity under the historical rule for interest
rate setting. Unemployment (U;) declines in the periods immedi-
ately following the shock. On impact, the higher expected return
of a match induces domestic intermediate input producers to post
more vacancies, which results in higher employment the follow-
ing period. Firms and workers renegotiate nominal wages because
of the higher surpluses generated by existing matches, and wage
inflation (m, ;) increases. Wage adjustment costs make the effective
firm’s bargaining power procyclical, i.e., 7y ¢ risesP] Other things
equal, the increase in 7,,; dampens the response of the renegotiated
equilibrium wage, amplifying the response of job creation to the
shock.

Higher productivity increases producer entry in NZ and reduces
the export cutoff, z, ;. Accordingly, a larger share of NZ goods are
available to domestic and foreign consumers. On impact, Foreign

2TIntuitively, 7., increases to ensure optimal sharing of the cost of adjusting
wages between firms and workers.
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Figure 1. Home Productivity Shock, High Market
Regulation, Historical Monetary Policy
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households shift resources to finance product creation in the more
productive economy. As a consequence, NZ runs a current account
deficit in response to the productivity increase (CA; falls). NZ terms
of trade (defined as TOT; = Qips/ps,) depreciate, so that NZ
goods become relatively cheaper. However, the terms-of-trade depre-
ciation is mild compared with standard international business-cycle
models. Producer entry and the countercyclical response of z, ¢
counteract the effects of higher productivity on marginal costs, and
domestic export prices fall by less, as compared with a model that
abstracts from plant entry and heterogeneity.

Table 3 presents the implied second moments for key aggregates
of the model NZ under historical policy. In the table, model I refers
to the benchmark model, where the only stochastic shocks are due to
aggregate productivity shocks occurring in the intermediate goods
sector. In that case, our parameterization matches the moments for
real GDP, investment, employment, and real wages fairly well, but
understates the volatility of real consumption, exports, and imports.
(Investment in our model is given by investment in new product
creation: Iy = ¢ifetNey and Ip; = PtIt/]E’t.) The model is also
rather successful in reproducing, at least qualitatively, the observed
autocorrelations and the contemporaneous correlation of macroeco-
nomic variables with GDP. Model II augments the productivity
shocks with an exogenous stochastic component in terms-of-trade
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Figure 2. Home Productivity Shock, High Market
Regulation, Strict Inflation Targeting (solid line) vs.
Strict Nominal Income Targeting (dashed line)
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dynamics (discussed in more detail in section 8 below), a result of
which is that the model matches trade-related moments much more
closely.

6. Business Cycles and Alternative Policy Regimes in
Pre-Reform New Zealand

To begin our analysis of different monetary policy regimes, we study
how alternative monetary policy arrangements—inflation targeting,
price-level targeting, and nominal income targeting—affect NZ’s
business-cycle fluctuations and welfare in the highly regulated econ-
omy with high trade protection. That is, we study the performance of
alternative monetary policy regimes, assuming that the NZ economy
did not adopt market reforms.

Figure 2 compares the impulse responses with a 1 percent innova-
tion in Home productivity under strict nominal income targeting and
strict inflation targeting“9 The figure shows that strict NIT is more

Z8Notice that strict inflation targeting implies P =0 (assuming a constant
inflation target). In turn, zero deviations of the CPI index from trend imply
strict price-level targeting.
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effective in stabilizing unemployment fluctuations than is strict I'T
(or PLT). At issue are efficiency trade-offs that exist over the busi-
ness cycle. These include, first, the tension between the beneficial
effects of manipulating inflation and its costs. In addition, there is
the trade-off between stabilizing price inflation (which contributes
to stabilizing markups) and wage inflation (which stabilizes unem-
ployment). Third, there is the impossibility to stabilize domestic and
export markups jointly, due to the presence of firm heterogeneity, as
discussed earlier.

These policy trade-offs explain why a policy of price stability can
be sub-optimal. Under this policy, wage inflation is too volatile, and
markup stabilization correspondingly too strong. Following fluctu-
ations in aggregate productivity, sticky wages (and positive unem-
ployment benefits) generate real wage rigidities, i.e., a positive (neg-
ative) productivity shock is not fully absorbed by the rise (fall) of
the real wage, affecting job creation over the cycle. Higher NZ pro-
ductivity pushes the real wage above its steady-state level, as the
real value of existing job matches has increased. Under a policy of
price stability, the effect of wage stickiness is magnified, since the real
wage becomes even more rigid. Firms post too many vacancies and,
in equilibrium, nominal wage adjustment costs are too large. In turn,
lower unemployment volatility leads to smaller aggregate volatility.
Both consumption and investment respond less under NIT.

Table 4 summarizes the welfare effects associated with the
reforms we consider, and comprises two panels. Panel A reports the
overall benefits resulting from the reforms, including those incurred
along the transitional path that we will discuss in section 7 in con-
junction with the dynamic adjustments. Panel B presents the welfare
costs of business cycles associated with the alternative monetary
policy regimes. To determine this we compute the percentage ABC
of steady-state consumption that would make the households indif-
ferent between living in a world with uncertainty under monetary
policy m(m = IT, PLT, NIT) and living in a deterministic world:

Ef:ﬁf cm iy = [( A"Nenl e
0 U tm7;n7 :n = (4 1+ ) , by :| 22
2 -3 100

First-order approximation methods are inappropriate to compute
the welfare associated with each monetary policy arrangement. This
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is because the solution of the model implies that the expected value
of each variable coincides with its non-stochastic steady state. How-
ever, in an economy with a distorted steady state, volatility affects
both the first and second moments of the variables that determine
welfare. Hence we compute welfare by taking a second-order approx-
imation to the policy functions. Thus, a lower value of AP implies
that the welfare costs of business cycles so computed are reduced.

The first line in panel B of table 4 compares the three mone-
tary policies in the pre-deregulation period. There it is seen that
strict NIT significantly reduces the welfare costs of business cycles
relative to strict IT, reducing the welfare costs from 0.77 percent
to 0.07 percent. As discussed above, this is so since NIT stabilizes
job creation and thus unemployment fluctuations, whereas I'T does
not achieve this. That is, NIT better addresses the unemployment-
inflation trade-off faced by the RBNZ.

Next, we compare the historical monetary policy of flexible IT
with the alternatives of flexible PLT and flexible NIT. As described
above, we do so by keeping the estimated coefficients in the inter-
est rate rule fixed and replacing the inflation target with price or
nominal income targets. NIT still clearly dominates, reducing wel-
fare costs to 0.08 percent from 0.87 percent. Furthermore, by reduc-
ing welfare costs to 0.75 percent, PLT is also superior to IT. This
is because PLT results in more volatile inflation, which ultimately
dampens unemployment volatility more effectively relative to IT.
When we allow for interest rate smoothing (9; = 0.71), the picture
remains generally unchanged, although now IT is superior to PLT.

A natural question is whether NIT remains the more desirable
regime when monetary policy is chosen optimally. To address this
issue, we solve a constrained Ramsey problem in which the monetary
authority maximizes the welfare of agents subject to the constraints
represented by the competitive economy relations and a given mon-
etary policy rule. We consider the following interest rate reaction

function:
A o
B APtJrk
Pk

. opP N 0y N /A oygy l—ei
< (B)" (B52)" (7))

141 = (144,)% {(1+z’)
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and search across the grid of parameters {o;, 0x, 0p, 0y ~, 0ys} for
the rule that minimizes the welfare cost of business cycles in (22).
We maintain the assumption that £ = 0 and perform the search over
the range [0, 10] for each parameter, with fineness equal to 0.01. We
consider only those combinations of policy parameters that deliver a
unique rational expectations equilibrium. The maximized rule yields
oy~ =10 and g; = 9 = op = 9ys = 0, which virtually mimics the
policy of strict NIT described above—the welfare cost of business
cycles is 0.07, identical to that obtained above.

7. The Macroeconomic Effects of Market Reforms in
New Zealand

We now study the macroeconomic consequences of NZ labor market
reform and trade integration under the alternative monetary pol-
icy regimes. Starting from an initial steady state featuring a highly
regulated labor market and high barriers to trade, we consider the
transitional dynamics generated by the reductions in worker bar-
gaining power and tariffs described above. We treat these parameter
changes as shocks to the NZ economy—the results of labor market
and trade policy changes—and we assume that these changes are
permanent and implemented under perfect foresight We begin by
studying the dynamic adjustment to these reforms.

7.1 Transition Dynamics

Given the large size of the reform shocks, transitional dynamics from
the initial equilibrium to the final equilibrium are found by solving
the model as a non-linear forward-looking deterministic system using
a Newton-Raphson method, as described in Laffargue (1990). This
method solves simultaneously all equations for each period, without
relying on local approximations.

Figure 3 illustrates the dynamic adjustment to labor market
deregulation, while figures 4 and 5 refer to asymmetric and sym-
metric trade liberalization, respectively (i.e., tariff reductions only
in NZ or in both NZ and Foreign). In each figure we compare the
adjustment under strict IT (solid lines) and strict NIT (dotted lines).

2In our analysis, reforms are implemented in just one period.



180 International Journal of Central Banking September 2015

Figure 3. Labor Market Deregulation, Strict Inflation
Targeting (solid line) vs. Strict Nominal Income
Targeting (dashed line)
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Figure 4. Asymmetric Trade Liberalization, Strict
Inflation Targeting (solid line) vs. Strict Nominal Income
Targeting (dashed line)
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In the long run, market reforms boost

aggregate output and

reduce unemployment, a result consistent with the observed steady
reduction in NZ’s unemployment that took place from the early
1990s, when in ten years, the unemployment rate dropped from
a peak of 11.4 percent to 5 percent. In the absence of aggregate
shocks, monetary policy affects welfare by reducing (or increasing)
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Figure 5. Symmetric Trade Liberalization, Strict Inflation
Targeting (solid line) vs. Strict Nominal Income Targeting
(dashed line)
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transition costs. As discussed by Cacciatore and Ghironi (2012), pre-
deregulation the economy features a steady state with inefficiently
low job creation due to the presence of firm monopoly power, distor-
tionary regulation, and misallocation of resources to change prices
and wages (in the presence of positive trend inflation). Since the
positive effects of reforms take time to materialize, expansionary
monetary policy is beneficial, as it reduces markups and boosts job
creation during the transition.

However, which monetary rule is more expansionary depends
on the reform considered. In the case of labor market deregula-
tion, strict NIT is superior to strict IT; see table 4. As shown
in figure 3, strict NIT results in a larger monetary expansion in
the aftermath of the reform, boosting consumption and reduc-
ing unemployment, more so than under strict IT. The reason is
that reducing worker bargaining power has a milder effect on pro-
ducer prices on impact: on the one hand, lower 7 lowers wages
(by reducing the workers’ outside option at the bargaining stage);
on the other hand, as job creation increases, it becomes more
costly to recruit new workers, which pushes up equilibrium wages.
By contrast, NIT results in a stronger monetary expansion; in
the aftermath of the reform the central bank induces inflationary
pressure to boost consumption and reduce investment in product
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creation. As a result, the beneficial effects of deregulation materialize
sooner.

In the case of trade liberalization, strict IT induces higher wel-
fare. The key difference is that trade liberalization induces sizable
price dynamics, as cheaper foreign imports induce deflation in the
aftermath of the reform. The monetary response under strict IT is
therefore expansionary. When we allow for endogenous monetary
responses to the output gap or interest rate smoothing, the picture
is a bit more nuanced, although the general results discussed above
continue to hold. It is also interesting to observe the contrast in the
current account dynamics implied by the two reforms (regardless of
the form of monetary policy in effect).

As noted, panel A of table 4 quantifies the overall benefits of the
reforms by computing the changes in steady-state welfare includ-
ing transition dynamics. Specifically, we compute the percentage
increase A in steady-state consumption relative to the status quo
(no reform) that leaves households indifferent between whether or
not the reform is implemented. Thus A is obtained by solving

> stulerap i) = 2| (14 55 ) 5252n) | 23)
— 1-0 100

where “SQ” denotes the status quo, and m denotes the monetary

regime (m = IT, PLT, NIT). A higher value of A implies that

welfare increases following the reform.

As shown in table 4, during the transition, strict IT performs
slightly better than does strict NIT in response to trade liberaliza-
tion, raising welfare by 1.61 percent versus 1.58 percent in the case
of domestic tariff reduction and 3.16 percent versus 3.10 percent in
the case of symmetric trade liberalization. However, in the case of
labor market reforms, the relative merits are reversed (3.96 percent
vs. 3.98 percent).

7.2 Business Cycles in Post-Deregulation New Zealand

The dynamic effects of reforms are not limited to transition dynam-
ics, since the economy may face a different adjustment to aggregate
shocks once reforms are completed, with consequences for the welfare
cost of business cycles. We now turn to this issue.
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Figure 6. Home Productivity Shock, Low Labor Market
Regulation, Strict Inflation Targeting (solid line) vs. Strict
Nominal Income Targeting (dashed line)
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Figure 6 compares the impulse responses with the domestic pro-
ductivity shock under strict I'T and strict NIT following labor market
deregulation and yields the following observations. NZ labor mar-
ket reform affects the propagation of aggregate shocks through the
cyclical behavior of the workers’ outside option. Increased labor
market flexibility makes job creation less responsive to shocks.
Reduced worker bargaining power implies that adjustment takes
place increasingly through the real wage, reducing job flows over the
cycle. Strict NIT remains most effective in stabilizing unemploy-
ment. However, differences in unemployment dynamics across the
two monetary regimes are reduced. This occurs because the need to
stabilize wage inflation is mitigated.

Figures 7 and 8 trace out the impulse responses to the NZ
productivity shock following a reduction in domestic tariffs and
symmetric trade reforms, respectively. Similar to the labor mar-
ket reform, there is less need to stabilize wage inflation over
the cycle. As a result, the volatility gap between strict NIT and
IT is reduced. To understand this result, notice that the reduc-
tion of NZ tariffs increases domestic competition, reallocating
resources toward relatively more productive firms. In this process,
expenditure switching toward cheaper Foreign goods reduces the
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Figure 7. Home Productivity Shock, Low Import Tariffs,
Strict Inflation Targeting (solid line) vs. Strict Nominal
Income Targeting (dashed line)
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Figure 8. Home Productivity Shock, Low Import and
Export Tariffs, Strict Inflation Targeting (solid line) vs.
Strict Nominal Income Targeting (dashed line)
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market value of NZ firms, which leads to a higher cut-off productiv-
ity for export in the new equilibrium. Furthermore, cheaper For-
eign goods induce a positive income effect for Home households
which, other things equal, increases the demand for NZ goods. In
equilibrium, demand for intermediate inputs increases, resulting
in higher profits per job match. Accordingly, in the new steady
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state, vacancy postings increase and unemployment falls. Therefore,
unemployment varies by less (as a percentage of steady state) in
response to aggregate disturbances, reducing the need to stabilize
wage inflation.

This effect is stronger when trade integration is symmetric; see
figure 8. In this case exporting becomes less costly for NZ producers
and resource allocation toward more productive firms is stronger.
Higher average productivity further increases the demand for inter-
mediate inputs and reduces unemployment.

Comparing the measures of AP¢ following the market reforms
with the pre-deregulation measures reported in table 4, we see
that both labor market and trade reforms reduce the welfare
costs of business cycles for any given monetary policy regime. As
explained above, reduced worker bargaining power makes real wages
more procyclical, dampening the volatility of job creation. Trade
liberalization reallocates market shares towards more productive
firms, reducing the sensitivity of firm profits to aggregate shocks,
which ultimately results in a moderation of aggregate employment
volatility.

Thus, reform reduces the need for inflation volatility to stabilize
cyclical unemployment. Accordingly, I'T and PLT become less costly
relative to NIT, which, however, continues to remain the best rule.
This is particularly pronounced with labor market reforms. In that
case, the welfare costs of business cycles are reduced by 35 percent
under IT.

Table 5 reports post-reform business-cycle statistics for several
key variables. Comparing these with the corresponding statistics in
table 3, it is evident that reform results in less volatility in almost all
cases, independent of the form of monetary policy. The one excep-
tion appears to be investment, the volatility of which has marginally
increased B9

To conclude, we investigate whether market reforms change the
nature of optimal monetary policy. Toward this end, we repeat the
maximization described in the latter part of section 6. The maxi-
mized rule continues to prescribe strict NIT.

39These moments are generally consistent with the post-deregulation NZ
business-cycle statistics reported by Hall, Thompson, and McKelvie (2014) and
McKelvie and Hall (2012), although there are inevitable differences.
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8. Sensitivity Analysis

In the benchmark version of our model, the Home economy’s terms
of trade fluctuate only endogenously in response to Home and For-
eign productivity shocks due to the presence of firm monopoly power
in both countries. However, as previously discussed, the benchmark
model understates the volatility of TOT; relative to output, sug-
gesting that unmolded forces affect NZ’s terms-of-trade fluctua-
tions. Indeed, existing evidence suggests that terms-of-trade shocks
are an important driver of NZ’s business cycles (Karagedikli and
Price 2012). To address this issue, we introduce exogenous terms-
of-trade shocks, in the form of exogenous shocks & to the For-
eign export markup, ,u;t Normalizing the steady-state value of
& to 1, we assume that & follows an AR(1) process in logarithms,
log&; = ¢¢log&i—1 + Wy, where w; represents ii.d. draws from a
normal distribution with zero mean and standard deviation oz. We
calibrate the persistence of the shock ¢¢ and the standard deviation
of innovations oz to match the observed autocorrelation and stan-
dard deviation of NZ’s terms of trade. This requires setting ¢¢ = 0.3
and og = 0.28B7 As shown in table 3, when business cycles are
driven by both productivity and terms-of-trade shocks, the model
reproduces much more closely the observed volatility of imports and
exports relative to GDP, as well as their contemporaneous correla-
tion with output. The correlation of TOT; with output is also in
line with the data.

Table 6 compares again the stabilization properties of alterna-
tive monetary policy arrangements. Panel A considers only terms-
of-trade shocks; panel B considers simultaneously productivity and
terms-of-trade shocks. While the presence of terms-of-trade shocks

310n the supply side, & captures international, commodity-market-specific
shocks. On the demand side, it can be interpreted as reflecting changes in world
demand (preferences). The assumption that shocks to international prices, rather
than domestic export price shocks, drive exogenous NZ’s terms-of-trade fluctu-
ations is consistent with the evidence in Karagedikli and Price (2012). Never-
theless, we obtain similar results if we model terms-of-trade shocks as exogenous
shocks to the time-varying markup of Home exporters.

32Notice that this does not imply that terms-of-trade dynamics become fully
exogenous in the model. It is only these two moments that are determined fully
exogenously by calibration. The exogenous shock &; and the endogenous nature of
the terms of trade in our model then jointly affect the equilibrium path of TOT;.
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does not change the main message of the paper, two new results
emerge. First, inefficient terms-of-trade fluctuations increase the wel-
fare cost of business cycles for a given monetary policy regime and
a given level of market regulation. Second, the opening of trade
no longer decreases the welfare cost of business cycles. To under-
stand these new results, it is useful to inspect the propagation of
terms-of-trade shocks.

Figure 9 shows the impulse responses following a one-standard-
deviation decrease in the Foreign export markup under historical
monetary policy. The reduction in the Foreign markup appreciates
NZ’s terms of trade—the relative price of NZ exports in terms of NZ
imports increases. In turn, cheaper imports increase demand for For-
eign goods. At the same time, the appreciation of the terms of trade
generates a positive wealth effect that sustains aggregate demand for
domestic output. Thus, expenditure switching toward Foreign goods
does not increase unemployment in the aftermath of the shock. NZ
consumption increases by 0.9 percent at the peak. During the tran-
sition, the number of foreign exporters increases, while the terms of
trade revert to their steady-state level. Unemployment temporarily
increases, while GDP displays a modest decline below trend.

As shown in table 6, for any level of labor market regulation and
trade integration, strict I'T is approximately twice as costly relative
to the benchmark model. The intuition for this result is that For-
eign markup shocks exacerbate the monetary policy trade-offs faced
by the model RBNZ. In particular, in order to offset falling CPI
inflation, the monetary authority ends up increasing unemployment
volatility and thus the welfare cost of business cycles. Thus, as for
the case of productivity shocks, NIT reduces sub-optimally unem-
ployment Volatility With the opening of trade, the importance of
terms-of-trade shocks increases, since a larger share of NZ demand
falls on Foreign goods. As a result, the reduction in real distortions
associated with lower trade barriers is no longer sufficient to lower
the welfare cost of business cycles. While the overall effect remains
modest under NIT, the welfare cost of business cycles increases to

33Notice that PLT is more efficient than IT. As explained before, the reason
is that PLT results in higher inflation volatility, which ultimately implies more
stable unemployment fluctuations.
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Figure 9. Terms-of-Trade Shock, Historical Policy
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1.7 percent under strict I'T. The optimized rule continues to be strict
NIT.

To conclude, we perform additional sensitivity analysis along two
dimensions. First, we investigate whether our results are robust to
the presence of forward-looking targets in the policy rules consid-
ered above. Specifically, we run all the simulations setting k£ = 1
n (21). Second, we consider alternative values for the parameters
whose calibration is relatively controversial in the literature. For
household preferences, we consider a higher Frisch elasticity of labor
supply (1/4, = 4, as typically assumed in the business-cycle litera-
ture). We evaluate the importance of nominal rigidity by considering
smaller values for the scale parameters of price and wage adjustment
costs (v =9 = 20). Finally, we consider an alternative value for the
elasticity of the matching function (¢ = 0.4, the lower bound of
the estimates reported by Petrongolo and Pissarides 2006). We con-
sider the effect of changing one parameter value at a time relative to
the benchmark calibration. The main results of the paper are very
robust to the alternative parameter values we consider. (Detailed
results are available upon request.)

9. Conclusions

Was inflation targeting the best monetary policy regime for New
Zealand prior to the increase in its trade integration and labor
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market flexibility since the early 1990s? Was it the best strategy
to manage the transition dynamics generated by these changes in
market characteristics? And is it the best option for a now flexible,
highly integrated New Zealand? This paper addressed these ques-
tions using a New Keynesian model with micro-level producer and
trade dynamics and labor market frictions. We found that nomi-
nal income targeting would have been preferable to inflation tar-
geting in the distorted environment of a rigid labor market and
low trade integration. Nominal income targeting would have also
reduced the transition costs of labor market reform, though infla-
tion targeting achieved a better response to trade integration. With
New Zealand in its new long-run environment of integrated trade
and flexible labor markets, the welfare gap between nominal income
targeting and price/inflation targeting is smaller, as market reforms
lower unemployment volatility.

As a final caveat, we should note that our analysis has focused
on the two aspects of the reforms, labor market and trade, which we
feel the model we employ is most appropriate to address. But New
Zealand’s reforms were very far reaching, including fiscal restructur-
ing, energy policy, agriculture, transportation, privatization, finan-
cial liberalization, and liberalization of immigration policy, to name
just a subset. Thus, in order to draw any definitive conclusions as
to the merits of inflation targeting versus other monetary policies,
one needs to address the roles played by these other aspects of the
comprehensive reform program.

Appendix

Wage Determination

This appendix summarizes wage determination. Let J; denote the
real value of an existing productive match for the producer; then

v

w
Jt = thZtht — ?tht — 577120,15 + Et/@t,t+1(1 — A)Jt+1. (24)
t

That is, J; equals the current marginal value product of the match,
less the wage bill inclusive of wage adjustment costs, plus the
expected discounted continuation value of the match next period.
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Next, let W; denote the worker’s asset value of being matched,
and U, ; the value of being unemployed. The value of being employed
at time ¢ equals the real wage the worker receives plus the expected
future value of continuing to be matched to the firm. Thus,

w
Wy = Ftht + B B [(1 = MWigr + AU 1]} (25)
t

The value of being unemployed is

v(ht)

Uc,t

Ui = + b0+ E{Be s [teWis1 + (1 — i) Unpy1 } (26)
which equals the utility gain from leisure in terms of consump-
tion, plus the unemployment benefit from the government, plus
the expected discounted value of gaining reemployment next period
(versus remaining unemployed), the probability of which occurring
is v = M;/U;. Combining (25) and (26), the worker’s surplus,
Ht = Wt — Uu,ta is thus

w v(h
Ht = ?tht — ( ( t) + b) + (1 -\ = Lt)Et(ﬁt,t+1Ht+1)~ (27)
t uc,t

The Nash bargain maximizes the joint surplus JJ'H, 7 with
respect to wy. Carrying out the optimization yields

8<]t 8Iflt
H—+1-1n7Ji=—=0 28
DH G+ (=) St =0, (28)
where
0J; h: Tt T, t41
7:———7_97’ 1—)\19E ]- w ’ )
D, P, - + ( VOE: | Bep1 (1 + Towp41) wr
OHy _ Iy
8U)t N Pt '
The sharing rule (28) can thus be written as
nw7th = (]- - nt)Jw,tv (29&)
where
Ui

ot = T ) O, Jow) @ jow) 1 )

Combining equations (28) and (29) yields equation (4) of the text.
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Pricing Decisions

The representative final-sector firm sets the price of the output bun-
dle for domestic sale, Py, and the domestic currency price of the
export bundle, Pgt, letting the price in the foreign market be deter-

mined by P,; = TtP;it/St. When choosing Py and Pg‘it, the firm

maximizes
> Pds Pt?l/s Pgs P:}:Js Fde ng
E ﬁ s — - : Yd,s + = — : Ts Ym,s - — — : )
é;”+<ﬂ P, P, P P, P
(30)
where 'y, = yﬂﬁvsPd’sdes/Z, Fis = ng?SPngx,s/Q, Tds =

(Pa,s/Pas—1) — 1, nd, = (Pl,/P%, 1) — 1, and output bundle
demands are determined by

s N
Pds C TSP%S c*

Yos = : Y, Yis= : Y,” .

" <a> oo <@a t

First-order optimality conditions for P,,; and P:fit and straight-
forward, though tedious, algebra yield equations (13)—(16) in the
text. (To obtain (15)-(16), recall that P,; = TtPﬁt/St and Q; =
S P/ P;.)

Other Equilibrium Details

The aggregate stock of employed labor in the Home economy is
determined by

b=1=Nlh-1+q-1Vi-1.
Wage inflation and consumer price inflation are tied by
1 + TI'w,t = (’wt/Pt)(’wtfl/Ptfl)_l(l + 7TC,t)~

The expression for the consumption price index implies

1-0 A7 =0 1-6 A731=5
o ~1— =0 ~x1— *1—0
L=py, Nyy” +pzs N .
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Finally, labor market clearing requires

fet fmt
t N, I
Z, + Moyt Z,

yw,t
thz,t

Yd,t

lthy = N,
tht d,tthd

+ Nw7t

Tt + Ne7t

References

Albertini, J., G. Kamber, and M Kirker. 2012. “Estimated Small
Open Economy Model with Frictional Unemployment.” Pacific
Economic Review 17 (2): 326-53.

Alessandria, G., and H. Choi. 2007. “Do Sunk Costs of Export-
ing Matter for Net Export Dynamics?” Quarterly Journal of
Economics 122 (1): 289-336.

Andolfatto, D. 1996. “Business Cycles and Labor-Market Search.”
American Economic Review 86 (1): 112-32.

Andrés, J., 0. Arce, and C. Thomas. 2014. “Structural Reforms in
a Debt Overhang.” Mimeo, University of Valencia and Banco de
Espana.

Arseneau, D. M., and S. K. Chugh. 2008. “Optimal Fiscal and Mone-
tary Policy with Costly Wage Bargaining.” Journal of Monetary
Economics 55 (8): 1401-14.

Benigno, P. 2009. “Price Stability with Imperfect Financial Integra-
tion.” Journal of Money, Credit and Banking 41 (s1): 121-49.

Bernard, A. B., J. Eaton, J. B. Jensen, and S. Kortum. 2003. “Plants
and Productivity in International Trade.” American Economic
Review 93 (4): 1268-90.

Bernard, A. B., and J. B. Jensen. 2004. “Why Some Firms Export.”
Review of Economics and Statistics 86 (2): 561-69.

Bilbiie, F. O., F. Ghironi, and M. J. Melitz. 2008. “Monetary Policy
and Business Cycles with Endogenous Entry and Product Vari-
ety.” In NBER Macroeconomics Annual 2007, ed. D. Acemoglu,
K. S. Rogoff, and M. Woodford, 299-353. Chicago: University of
Chicago Press.

Broda, C., and D. E. Weinstein. 2010. “Product Creation and
Destruction: Evidence and Price Implications.” American Eco-
nomic Review 100 (3): 691-723.

Buckle, R. A., K. Kim, and N. McLellan. 2003. “The Impact of
Monetary Policy on New Zealand Business Cycles and Inflation
Variability.” Working Paper No. 03/09, New Zealand Treasury.



Vol. 11 No. S1 Inflation Targeting and Economic Reforms 195

Burstein, A., and M. J. Melitz. 2011. “Trade Liberalization and Firm
Dynamics.” NBER Working Paper No. 16960.

Cacciatore, M. 2014. “International Trade and Macroeconomic
Dynamics with Labor Market Frictions.” Journal of Interna-
tional Economics 93 (1): 17-30.

Cacciatore, M., and G. Fiori. 2010. “The Macroeconomic Conse-
quences of Goods and Labor Market Deregulation.” Mimeo, HEC
Montréal and North Carolina State University.

Cacciatore, M., G. Fiori, and F. Ghironi. 2013. “Market Deregula-
tion and Optimal Monetary Policy in a Monetary Union.” NBER
Working Paper No. 19025.

. 2015. “The Domestic and International Effects of Euro Area
Market Reforms.” Mimeo, HEC Montréal, North Carolina State
University, and University of Washington.

Cacciatore, M., and F. Ghironi. 2012. “Trade, Unemployment, and
Monetary Policy.” Mimeo, HEC Montréal and Boston College.

Card, D. 1994. “Intertemporal Labor Supply: An Assessment.” In
Advances in Econometrics, ed. C. Sims, Sixth World Congress,
New York, NY: Cambridge University Press.

Clarida, R., J. Gali, and M. Gertler. 2000. “Monetary Policy Rules
and Macroeconomic Stability: Evidence and Some Theory.”
Quarterly Journal of Economics 115 (1): 147-80.

Costantini, J., and M. J. Melitz. 2011. “The Dynamics of Firm-
Level Adjustment to Trade Liberalization.” In The Organization
of Firms in a Global Economy, ed. E. Helpman, D. Marin, and
T. Verdier. Harvard University Press.

Diamond, P. A. 1982a. “Aggregate Demand Management in Search
Equilibrium.” Journal of Political Economy 90 (5): 881-94.
— . 1982b. “Wage Determination and Efficiency in Search Equi-

librium.” Review of Economic Studies 49 (2): 217-27.

Dixit, A. K., and J. E. Stiglitz. 1977. “Monopolistic Competition
and Optimum Product Diversity.” American Economic Review
67 (3): 297-308.

Ebell, M., and C. Haefke. 2009. “Product Market Deregulation and
the U.S. Employment Miracle.” Review of Economic Dynamics
12 (3): 479-504.

Eggertsson, G., A. Ferrero, and A. Raffo. 2014. “Can Structural
Reforms Help Europe?” Journal of Monetary Economics 61: 2—
22.




196 International Journal of Central Banking September 2015

Evans, L., A. Grimes, B. Wilkinson, and D. Teece. 1996. “Economic
Reform in New Zealand 1984-95: The Pursuit of Efficiency.”
Journal of Economic Literature 34 (4): 1856-1902.

Fernandez-Villaverde, J., P. Guerréon-Quintana, and J. Rubio-
Ramirez. 2011. “Supply-Side Policies and the Zero Lower
Bound.” NBER Working Paper No. 17543.

Flinn, C. J. 2006. “Minimum Wage Effects on Labor Market Out-
comes under Search, Matching, and Endogenous Contact Rates.”
Econometrica 74 (4): 1013-62.

Gali, J., and T. Monacelli. 2005. “Monetary Policy and Exchange
Rate Volatility in a Small Open Economy.” Review of Economic
Studies 72 (3): 707-34.

Gertler, M., L. Sala, A. Trigari. 2008. “An Estimated Monetary
DSGE Model with Unemployment and Staggered Nominal Wage
Bargaining.” Journal of Money, Credit and Banking 40 (8):
1713-64.

Gertler, M., and A. Trigari. 2009. “Unemployment Fluctuations with
Staggered Nash Wage Bargaining.” Journal of Political Economy
117 (1): 38-86.

Ghironi, F., and M. J. Melitz. 2005. “International Trade and Macro-
economic Dynamics with Heterogeneous Firms.” Quarterly Jour-
nal of Economics 120 (3): 865-915.

Grafton, R. Q., T. Hazledine, and B. Buchardt. 1997. “The New
Zealand Economic Revolution: Lessons for Canada?” Canadian
Business Economics (Fall): 3-19.

Hall, V. B., P. Thompson, and S. McKelvie. 2014. “On Trend
Robustness and End-Point Issues for New Zealand’s Stylised
Business Cycle Facts.” SEF Working Paper 12/2014, Victoria
University of Wellington.

Haltiwanger, J., S. Scarpetta, and H. Schweiger. 2008. “Assessing
Job Flows Across Countries: The Role of Industry, Firm Size
and Regulations.” NBER Working Paper No. 13920.

Huang, A., D. Margaritis, and D. Mayes. 2001. “Monetary Policy
Rules in Practice: Evidence from New Zealand.” Multinational
Finance Journal 5 (3): 175-200.

Itskhoki, O., and E. Helpman. 2014. “Firms, Trade and Labor Mar-
ket Dynamics.” Mimeo, Princeton University and Harvard Uni-
versity.



Vol. 11 No. S1 Inflation Targeting and Economic Reforms 197

Kambourov, G. 2009. “Labour Market Regulations and the Sectoral
Reallocation of Workers: The Case of Trade Reforms.” Review of
Economic Studies 76 (4): 1321-58.

Karagedikli, O., and G. Price. 2012. “Identifying Terms of Trade
Shocks and Their Transmission to the New Zealand Economy.”
Unpublished Manuscript, Reserve Bank of New Zealand.

Keane, M., and R. Rogerson. 2012. “Micro and Macro Labor Supply
Elasticities: A Reassessment of Conventional Wisdom.” Journal
of Economic Literature 50 (2): 464-76.

Kendall, R., and T. Ng. 2013. “The 2012 Policy Targets Agreement:
An Evolution in Flexible Inflation Targeting in New Zealand.”
Bulletin (Reserve Bank of New Zealand) 76 (4): 3-13.

King, R. G., and S. Rebelo. 1999. “Resuscitating Real Business
Cycles.” In Handbook of Macroeconomics, Vol. 1B, Edition 1, ed.
J. B. Taylor and M. Woodford, 927-1007 (chapter 14). Elsevier.

Krause, M. U., and T. A. Lubik. 2007. “The (Ir)Relevance of Real
Wage Rigidity in the New Keynesian Model with Search Fric-
tions.” Journal of Monetary Economics 54 (3): 706-27.

Krebs, T., and M. Scheffel. 2014. “Labor Market Reform and the
Cost of Business Cycles.” Mimeo, University of Mannheim and
University of Cologne.

Laffargue, J.-P. 1990. “Résolution d’'un Modele Macroéconomique
avec Anticipations Rationnelles.” Annales d’Economie et de Sta-
tistique 17: 97-119.

McKelvie, S., and V. B. Hall. 2012. “Stylised Facts for New Zealand
Business Cycles: A Post-1987 Perspective.” Mimeo, Victoria Uni-
versity of Wellington, School of Economics and Finance.

Melitz, M. J. 2003. “The Impact of Trade on Intra-Industry Reallo-
cations and Aggregate Industry Productivity.” Econometrica 71
(6): 1695-1725.

Merz, M. 1995. “Search in the Labor Market and the Real Business
Cycle.” Journal of Monetary Economics 36 (2): 269-300.

Mortensen, D. T., and C. A. Pissarides. 1994. “Job Creation and
Job Destruction in the Theory of Unemployment.” Review of
Economic Studies 61 (3): 397-415.

Organisation for Economic Co-operation and Development (OECD).
2004. OECD Employment Outlook. Paris: OECD.

Petrongolo, B., and C. A. Pissarides. 2006. “Scale Effects in Markets
with Search.” Economic Journal 116 (508): 21-44.



198 International Journal of Central Banking September 2015

Rotemberg, J. J. 1982. “Monopolistic Price Adjustment and Aggre-
gate Output.” Review of Economic Studies 49 (4): 517-31.

Shimer, R. 2005. “The Cyclical Behavior of Equilibrium Unemploy-
ment and Vacancies.” American Economic Review 95 (1): 25-49.

Silverstone, B., A. Bollard, and R. G. Lattimore. 1996. A Study
of Economic Reform: The Case of New Zealand. Amsterdam:
North-Holland.

Tarkka, J., and D. G. Mayes. 1999. “The Value of Publishing Official
Central Bank Forecasts.” Discussion Paper No. 22/1999, Bank
of Finland.

Taylor, J. B. 1993. “Discretion vs. Policy Rules in Practice.”
Carnegie-Rochester Conference Series on Public Policy 39: 195—
214.

Thomas, C. 2008. “Search and Matching Frictions and Optimal
Monetary Policy.” Journal of Monetary Economics 55 (5): 936—
56.

Trigari, A. 2009. “Equilibrium Unemployment, Job Flows, and Infla-
tion Dynamics.” Journal of Money, Credit and Banking 41 (1):
1-33.

Turnovsky, S. J. 1985. “Domestic and Foreign Disturbances in an
Optimizing Model of Exchange Rate Determination.” Journal of
International Money and Finance 4 (1): 151-71.

Veracierto, M. 2008. “On the Cyclical Behavior of Employment,
Unemployment, and Labor Force Participation.” Journal of
Monetary Economics 55 (6): 1143-57.

Winchester, N. 2009. “Is There a Dirty Little Secret? Non-Tariff
Barriers and the Gains from Trade.” Journal of Policy Modeling
31 (6): 819-34.



Discussion of “Inflation Targeting and
Economic Reforms in New Zealand”*

Michael Reddell

Successive New Zealand ministers of finance and central bank gover-
nors have chosen inflation targeting, but results in the paper suggest
that New Zealand might have been better off with nominal income
targeting, both pre-liberalization and after the transition to an econ-
omy with much lower trade protection and more flexible labor mar-
kets. So did David Caygill—the minister of finance responsible for
the framework—and Don Brash (governor at the time) get it right?

I was invited to discuss the paper as someone who was closely
involved in New Zealand’s monetary policy design and implementa-
tion for most of the time since the late 1980s. So these comments
are more in the nature of thoughts prompted by the paper than a
detailed commentary on the structure of the model. As the paper
does, I will try to treat separately the pre-liberalization period, the
liberalization transition (which included the adoption of inflation
targeting), and finally the post-liberalization period.

1. Pre-liberalization

The authors have tried to calibrate the model to capture features
of the New Zealand data for the pre-liberalization period. That
is heroic, especially given the quality of much of the earlier New
Zealand data. I wonder if it was worth the effort, but also whether
they have the model correctly calibrated.

The model looks to have been evaluated using rules that only
make sense in a floating exchange rate world. But we had a largely

* At the time these comments were first delivered, the author was employed at
the Reserve Bank of New Zealand. Views expressed here are those of the author
and should not be attributed to the Reserve Bank of New Zealand. The author
is currently blogging at http://www.croakingcassandra.com.
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fixed exchange rate. The practical target of policymakers was avoid-
ing too frequent or too severe current account crises, and keeping
unemployment (extremely) low. What does it mean, I wonder, to
say that nominal GDP (NGDP) targeting would have been the
preferable rule in that era?

And I wonder if the model is really capturing key features of the
hugely distorted pre-liberalization New Zealand economy. For exam-
ple, the authors several times note that various results arise because
unemployment would become less variable post-liberalization than
it was pre-liberalization. But that was not New Zealand’s experi-
ence. The unemployment rate was incredibly low and stable in the
pre-liberalization period (even though we had at least two serious
recessions—in 1967 and 1977—as deep as anything in the U.S. data).
By contrast, unemployment (and hours) looks more conventionally
variable in the post-liberalization era (even as GDP itself has become
less variable). Pre-liberalization New Zealand probably had ineffi-
ciently low—if socially welcomed—volatility in both job creation
and unemployment.

2. The Liberalization Transition

Between 1984 and 1993, New Zealand governments adopted a huge
range of liberalization measures.

But that period was as much about macroeconomic stabiliza-
tion as about microeconomic liberalization. I don’t think the paper
adequately recognizes or allows for that. By “macroeconomic stabi-
lization” we were not then talking about limiting cycles in unem-
ployment or the output gap, but about getting under control huge
fiscal deficits, a large public and foreign debt, and an inflation record
that had become one of the worst (highest and most volatile) among
the member countries of the OECD.

The paper, and those on which it builds (e.g., Cacciatore, Fiori,
and Ghironi 2013), seems to start from an implicit assumption that
such macroeconomic stability has already been secured. It looks at
the implications of a transition from highly regulated to less reg-
ulated external trade and labor markets, but not at the implica-
tions of the transition from high to low inflation (or indeed, high
to lower nominal income growth). Of course, those transitions are
not the focus of the paper, but it struggles to shed light on the
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actual New Zealand experience, its advertised aim, without doing
so. In New Zealand—probably more so than in most of the coun-
tries that adopted inflation targeting in the 1990s—the two processes
(liberalization and stabilization) went hand in hand.

In our specific context, the inflation target was about two things:
getting and keeping inflation down, and providing a basis for for-
malized accountability. It was not primarily about the best ongoing
cyclical stabilization properties. Of course, we wanted to avoid a
formal accountability process that would “require” us to do stupid
things in response to the inevitable shocks, but that was not the
focus in choosing to introduce an inflation target

By the late 1980s New Zealand seemed to have (just recently) put
behind it the 15 percent annual inflation rates of the earlier period,
but the worry—shared across the Reserve Bank, the Treasury, and
the minister of finance—was that firms, households, and markets
would expect us to settle for perhaps 5 percent annual inflation.
Reform programs burn up political capital. So in shaping and com-
municating monetary policy, the constant search had been for ways
to get inflation down (and keep it down) that reduced the transi-
tional real economic cost<? and, not incidentally, minimized the risk
that the whole reform program would be abandoned or reversed.

So a key goal was to influence expectations and behavior, by
persuading wage and price setters to take seriously a regime that
was (i) novel, (ii) supported by only bare majorities in both major

'Rereading old files, or examining the early Policy Targets Agreements (dis-
cussed in more depth in Reddell 2014), is to be reminded how much analysis and
debate went into trying to get these details right. Issues included are as follows:

e The treatment of housing. At the time, the headline CPI included mort-
gage interest rates and had a large asset price component (including the
costs of residential sections and the cost of existing houses).

e Government taxes and charges. Material adjustments here were not seen
as matters that the Reserve Bank should attempt to offset (whether in
levels or changes).

e Natural disasters (including earthquakes and foot-and-mouth disease out-
breaks) were a basis for the inflation targets to be renegotiated.

e Terms-of-trade shocks.

2The Bank was conscious of the micro-reform program and regularly cham-
pioned the case for faster progress in reducing trade protection, liberalizing the
labor market, and cutting the fiscal deficit, to ease pressure on monetary policy
(minimizing job losses and/or excess pressure on the tradables sector).
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political party caucuses, and (iii) one which even the then minister
of finance could observe privately (cited in Reddell 1999) on the eve
of the Reserve Bank legislation passing that, if it looked likely the
target would be missed, it would “simply be abandoned.”

By contrast, in the paper, expectations appear to have a very
small role. Implicit rational expectations are embedded in the model,
which may make sense in stable times with regimes that enjoy wide-
spread technical and political backing. But what was a rational (i.e.,
reasonable mean) expectation in late 1989, when it was unknowable
which wing of the party (“wet” or “dry” in British parlance) would
dominate the next National governmentﬁ and whether David Caygill
or the leading dissenter on the left, Jim Anderton, would be more
important in determining the stance the political left would take
after the seemingly inevitable 1990 defeat of the reforming Labour
government?

The other thing that shaped the New Zealand outcome was the
need for something measurable as part of a formalized accountabil-
ity structure. I've argued consistently (e.g., Reddell 1999) that the
Reserve Bank Act was an outcome of two separate forces: on the one
hand, it was the result of the dismal inflation track record and con-
cerns about the past politicization of monetary policy. But on the
other, the Reserve Bank was just another government agency, at a
time when far-reaching state sector reform was under way. The focus
was on principals holding agents accountable for measurable outputs.

In the contemporary discussions, officials were not oblivious to
options other than inflation for nominal targets. Immediately post-
liberalization, the Reserve Bank and the Treasury quickly realized
that in the midst of financial deregulation monetary and credit
aggregates were going to be impossible to interpret for some years.
And some benchmark nominal GDP indicative targets had been
announced (to try to shape expectations) by the minister of finance
in his 1985 budget (and then never heard of again)E

3Indeed, in mid-1991, with the economy deep in recession, fairly senior Treas-
ury officials urged Reserve Bank officials to be more relaxed about inflation and
not to be too bothered about 0-2 percent inflation, to help safeguard the political
position of the embattled minister of finance (a key advocate of the Reserve Bank
Act framework).

4And in a recent working paper, Silverstone (2014) documents a survey he ran
of Reserve Bank economists while a visiting academic at the Bank in 1987. His



Vol. 11 No. S1 Discussion: Reddell 203

For some in the Treasury, money base or note issue limits seemed
ideal for the purpose—something measurable that the central bank
could directly control if it chose. And there was some concern that
the lags from monetary policy to inflation were simply too long to
provide, in isolation, a reliable basis for accountability, or to signal
to price and wage setters whether or not policy was “on track.”
With the focus on output targets, wherever possible, agreement
to use an inflation target as a centerpiece for accountability was
a fairly major concession. One thing going for the CPI, in this
conception, was that it was hardly ever revised—at least in prin-
ciple it would always be clear whether or not the target had been
met.

Probably the only feasible alternative at the time was a fixed
exchange rate—recall that this was about the time the United King-
dom joined the Exchange Rate Mechanism. It was measurable,
easily understood, and unrevised. But if we had gone that way,
the target would not have lasted long, as New Zealand proved to
have a much higher neutral real interest rate than other advanced
economies.

Nominal GDP was not a serious contender. We barely had the
data at all, revised or unrevised. In researching this talk, I unearthed
a particularly trenchant piece of Reserve Bank advice to the minister
of finance in mid-1989f] in response to “some commentators,” the
Bank noted that New Zealand at the time had no quarterly nomi-
nal GDP numbersE‘ and the annual numbers were released with an
eight-month lag, concluding that “since nominal GDP is of little use
either as an indicator or as an ultimate target, the Bank does not
include nominal GDP in its list of indicators and does not intend to
formulate any nominal GDP targets.”

There is simply no way that the early Policy Targets Agree-
ments could ever have been formulated in terms of nominal GDP
targets, even if officials on either side of The Terrace had been more

questions asked them whether the Bank should have an explicitly stated desired
time path for (i) inflation and/or (ii) nominal income. More respondents favored
an inflation time path than favored a nominal income one, but the difference in
numbers wasn’t great.

SReserve Bank of New Zealand, Memorandum for the Minister of Finance,
“Review of the Monetary Policy Framework,” June 15, 1989.

5And thus, e.g., quarterly PCE deflator numbers were also not available.
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sympathetic to the conceptual argumentsﬂ Incomplete data and the
prospect of substantial ongoing revisions would have made it useless
for the sort of accountability envisaged at the time. And nominal
GDP simply had no resonance in the domestic debate, whether
academic or political.

Perhaps it is telling that the model in the paper does not, in fact,
offer much guidance on what might have been the best monetary
policy during the transition period. In panel A of table 4, whether
one uses the historical or the smoothing versions, each of the rules
emerges as best in one of the reform scenarios. And that is just with
three variants of reform. Perhaps the model is going to be most help-
ful for thinking about reform in a single major sector, but rather less
so in thinking about what might be best in the midst of a very wide-
ranging reform program of the sort New Zealand undertook. It was
very difficult for anyone to keep track of all the reforms and their
(transitional or longer-term) implications, let alone model them.

When a great deal of reform is going on all at the same time,
when reading the data is even harder than usual, when breaking a
pattern of high and variable inflation is also in the mix, perhaps there
simply has to be a lot of “playing things by ear.” Perhaps “politi-
cal” dimensions—what helps keep policy moving in broadly the right
direction, without doing too much damage in the interim—inevitably
play a bigger role than in more settled times. And serendipity can
also influence outcomes. If thoroughgoing reform of the governance
of core government agencies had not happened to be under way at
the same time, it is highly unlikely that the Reserve Bank would have
become known as the first adopter of modern inflation targeting (or,
hence, that the Bank would be co-hosting this conference).

3. Towards the Present

Beyond the transition, the authors conclude that, on this model
and these specifications, in the post-liberalization era nominal GDP

If they had been feasible, they would have faced some similar measurement
issues. For example, with lots of taxes and subsidies changing, should a target
be expressed in terms of NGDP at market prices or at factor cost? The former
would probably have attracted more media attention, prompting the need for
discussions around core/trend/underlying growth in NGDP.
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targeting still beats inflation targeting and price-level targeting,
albeit by a smaller margin.

In one sense, that should not be surprising. In putting together
our inflation-targeting framework, we knew of the literature sug-
gesting that nominal GDP targets could be attractive in the pres-
ence of supply shocks. And in the paper, the various monetary pol-
icy rules are evaluated using a specific type of supply shock—an
economy-wide domestic productivity shock.

It was not clear why they chose to evaluate only this shock.
Some colleagues suggested that it was a common approach in the
literature, and for some purposes that sounds fine. But to evalu-
ate possible alternative monetary policy rules for New Zealand—
where economy-wide productivity shocks don’t appear to have been
particularly important—one would surely need a more extensive
assessment of how the model performs in the face of a much wider
range of shocks. To reach a robust view on whether, even in con-
cept and within the model, a nominal GDP approach would likely
be superior for New Zealand, I would want to understand how the
model performs under fiscal shocks, credit availability shocks, exoge-
nous migration shocks, climatic shocks, and export and import price
shocks.

Even if the model still suggested that nominal GDP targeting
was superior, one would need to look carefully, and critically, at how
much difference such a rule—as it would likely have been applied
by real-world policymakers—might have made, relative to the real-
world benchmark of how inflation targeting has actually been run.

I want to use terms-of-trade fluctuations to illustrate the point.
New Zealand’s entire post-1840 economic history had been shaped
by periodic surges and slumps in the real prices of its agricultural
and pastoral exports. As Steenkamp (2014) documents, in recent
decades New Zealand’s terms of trade have been among the most
variable of those of OECD member countries. I welcome the effort
to incorporate exogenous terms-of-trade shocks in the revised ver-
sion of the paper. Such shocks certainly got considerable attention
in the design (and ongoing operation) of the New Zealand inflation-
targeting regime.

When oil prices rise (fall) sharply, the approach the Reserve
Bank is mandated to take is to allow the first-round direct price
effects into the CPI and not attempt to offset them. The focus is on
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having monetary conditions set to ensure that inflation stays consis-
tent with the target over the medium term, avoiding any material
displacement of inflation expectations. Headline inflation initially
deviates from (headline) target and then gradually returns to it.
What would a nominal GDP targeter do? It is plausible that mon-
etary policy might be set a little more loosely in the face of a sharp
oil price increase than would be the case under inflation targeting,
but (i) surely the difference will typically be small, and (ii) the scope
and magnitude of any difference will depend on how wage and price
expectations behave. In neither case does one typically tighten mon-
etary policy in the face of a sharp rise in oil prices—as a caricature of
strict inflation targeting might suggest—unless expectations appear
likely to be displaced.

Import price shocks—which have mostly involved oil prices—
have pervasive effects on purchasing power and input costs across
the economy. Oil prices also look more like a random walk. And
New Zealand’s import prices are not unusually volatile by OECD
standards.

But our export prices have been among the most volatile in the
OECD and, if anything, have been becoming more volatile over the
last decade. Unfortunately the Huang, Margaritas, and Mayes (2001)
version of the Taylor rule used in the paper was estimated over one
of the periods in New Zealand history with the most stable terms of
trade. The differences between nominal GDP targeting and inflation
targeting in New Zealand might be starker with respect to export
prices.

In an NGDP rule of the sort used in the paper, under which
policy responds to deviations of nominal GDP growth from target,
a lift in the terms of trade, from the export side, would prompt an
immediate tightening in policy. NGDP would rise immediately. By
contrast, applying something like a Taylor rule under inflation tar-
geting would result in no immediate change in policy—there would
be no observed change in the output gap and, if anything, head-
line CPI inflation might move a little lower (since the exchange rate
tends to rise when commodity prices do).

That is a stark difference, and it is somewhat akin to the differ-
ence tested in the paper (which doesn’t evaluate forward-looking pol-
icy). But, of course, no one sets out to run policy using Taylor-type
rules. Instead, we try to run forecast-based policies. The Reserve
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Bank has often forecast export prices on the basis of mean reversion,
reflecting the series of quite marked cycles seen in dairy prices in
particular.

Here there looks to be quite a difference between nominal GDP
growth and levels targeting. Faced with a positive export price
shock, a forecast-based NGDP growth targeter will observe a near-
instantaneous lift in NGDP growth, but it is too late to do anything
about dampening it. But unless they assume that the terms of trade
is a random walk (not the Reserve Bank practice), they will also
typically have a forecast in which future NGDP growth might well
undershoot the medium-term target band. Since NGDP targeting
tends to induce a stronger policy reaction to terms-of-trade shocks,
there is then a risk of engendering more volatility into policy—easing
policy into an export price boom. The paper itself evaluates an
NGDP levels target, which appears less prone to that risk, but it
would be interesting to see how different the results are between the
model’s results for NGDP levels and growth rate rules. I suspect the
model would struggle to deal with the question of what policy rule
would be optimal if the central bank were often to get its export
price forecasts wrong.

In thinking about an export price shock, it might also be impor-
tant to understand the transmission of the shock across the rest of
the economy. A highly open economy, in which a generalized export
price shock affected firms across an employment-rich wide-ranging
export sector, might look considerably different than a sector-specific
shock in a moderately open economy where the commodity produc-
tion sectors employ relatively little labor (the story in New Zealand
dairy, and much more so in Australian minerals and gas extraction).
If New Zealand experiences a surge in dairy prices, and much of
the proceeds are saved by farmers—perhaps because they are very
conscious of the volatility of prices—why would one want to tighten
monetary policy against that lift, if there was little or no apparent
spillover to domestic (wage or price) inflation? Perhaps if the shock
destabilized wage expectations there could be a basis, but there has
been little sign of that sort of wage-setting behavior in response to
recent export price shocks. The issues are even more stark in Aus-
tralia, where most of the profit variability in the face of export price
shocks accrues to non-Australian owners of capital (whose consump-
tion choices are likely to put few pressures on domestic resources in
Australia).
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I can imagine—but would like to see tested—that if an initial
export price shock prefigured a multi-year trend in export prices in
the same direction, an NGDP rule would produce superior welfare
properties, by easing adjustment in the presence of nominal rigidi-
ties. But if the volatility dominates the trend, as I suggest that it has
over the time horizons of interest, inflation targeting—especially as
practiced, focused on core medium-term trends in inflation—seems
likely to be a (much) better option.

But that should not be the end of the story. Much of the aca-
demic discussion of inflation targeting focuses on the idea of sta-
bilizing the stickier prices in order to minimize the real costs of
adjustment to shocks. Since, as this paper agrees, wages are typi-
cally among the stickier prices, perhaps we should be more seriously
considering the merits of nominal wage targeting, as Earl Thomp-
son argued decades ago. I have noted elsewhere (Reddell 2014) that
such a rule could even have financial stability advantages. Nominal
wages are the prime basis for servicing the nominal household debt
that dominates the balance sheets of our banks. Faced with adverse
shocks, and especially deflationary ones, nominal debt is arguably
the biggest rigidity of them all. It would be interesting to see such
a rule evaluated in a suitable model.

If productivity shocks were the dominant source of dislocations in
New Zealand, such a wage rule could also have considerable appeal—
shifting the variability into the price level rather than into (sticky)
nominal wage inflation. As it is, over the last twenty years, wage
inflation has followed a rather similar path to core CPI inflation—
and does not look much like fluctuations in the path of nominal GDP
(or in NGDP per capita, or NGDP per hour worked). So perhaps,
at least over that period, policy should have looked very little dif-
ferent under a wage rule than under the CPI inflation targets that
successive ministers and governors have agreed upon.

A single paper cannot cover all the issues, and a single model
cannot capture all important distortions, but in one respect this
paper did strike me as having a slightly dated feel to it. A decade
ago most of us told ourselves stories in which the zero lower bound
was a textbook curiosity, and if the Japanese had got there, that
was surely a reflection of some really bad policy choices. But across
much of the advanced world, central bankers have spent the last six
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years or so at, or acting as if they believe they are at, the near-zero
lower bound. How well do each of the possible rules do in easing
that constraint or mitigating the consequences of hitting it? I sus-
pect that to deal with that challenge one would need to introduce a
richer treatment of expectations. The issue is timely: few advanced
countries are now far from zero and even New Zealand is much less
than a typical easing cycle away.

Some argue that even if an analytical case for change to an NGDP
target were to become more persuasive, there has been such a large
investment in communicating with the public, markets, etc., about
inflation targets, which would all be lost with a shift to an NGDP
target, that it is not worth changing. But, in practice, a large amount
of central bank communications consists of telling people not to pay
much attention to headline inflation but to look at this, that, or
the other measure of underlying medium-term or persistent infla-
tion pressure. The lack of revisions to the CPI is often presented as
an advantage, but (i) no one has followed New Zealand in making
the governor dismissable over monetary policy errors, and even in
New Zealand no one can specify what would or should result in such
a (recommendation for) dismissalE and (ii) revisions partly reflect
genuinely uncertainty about our ability to measure and report accu-
rately on macroeconomically meaningful aggregates (including, of
course, the output gap).

A final consideration is that no other country has chosen to adopt
NGDP targeting, whether in levels or growth rate form. I have often
argued that there must be some wisdom in the revealed choices
others have made, especially when the issues have been around for
decades. But, in fairness, we also know that countries can settle on
choices that quickly look quite bad in hindsight. As just one exam-
ple, leading up to 1929 more and more countries were getting back
onto the gold standard.

8By contrast, when the then governor was asked by an interviewer in 1993 what
would happen if inflation went above 2 percent (then top of the target range) and
whether this would mean he would lose his job, Dr. Brash (1993) responded with-
out qualification, “Exactly right.” Actual accountability with respect to monetary
policy is much more about process than about outcomes (a point elaborated in
Reddell 2006).
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4. Conclusion

Formal models such as these can help one think through the issues
carefully. If it was disappointing, it was probably not surprising that
the paper could not offer much guidance on appropriate policy rules
in transitions, perhaps especially not multi-dimensional ones like
New Zealand’s.

To see whether the case for nominal GDP targeting looks plau-
sible for New Zealand, it would be interesting to see an assessment
of how the model performs using a forecast-based approach. This
paper probably is not enough to make any central bank converts
to NGDP targeting at present, but it is a useful reminder that we
need to remain open and that inflation targeting is most unlikely to
represent the end of monetary policy history.
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Inflation targeting (IT) had originally been introduced as
a device to bring inflation down and stabilize it at low levels.
Given the current environment of persistently weak inflation
in many advanced economies, IT central banks must now bring
inflation up to target. This paper tests to what extent inflation
expectations are anchored in such circumstances, by comparing
across periods when inflation is around target, (persistently)
high, or (persistently) weak. It finds that under persistently
low inflation, inflation expectations are not as well anchored
as when inflation is around target: inflation expectations are
more dependent on lagged inflation; forecasters tend to dis-
agree more; and inflation expectations get revised down in
response to lower-than-expected inflation, but do not respond
to higher-than-expected inflation. This suggests that central
banks should expect inflation expectations to behave differ-
ently than was the case previously, when inflation was often
remarkably close to target in many advanced economies.
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Introduction

When inflation targeting (IT) was first introduced in New Zealand
in 1989, its aim was to reduce and stabilize inflation, and to anchor
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inflation expectations at lower levels, given that inflation had been
running at double-digit rates for much of the late 1970s and the
1980s. Subsequent adopters of IT, such as Canada in 1991 or the
United Kingdom in 1992, also intended to bring inflation down, to
make it less volatile, and to anchor inflation expectations at a lower
level.

In contrast, more recently, the Bank of Japan adopted IT follow-
ing an extended period of subdued inflation, with the declared inten-
tion to bring inflation up to target and to boost inflation expecta-
tions. In a similar vein, in 2012, the U.S. Federal Reserve announced
an inflation objective in a situation where headline inflation stood
slightly above the new goal but core inflation had been substantially
below for a considerable amount of time. Also, following the global
financial crisis, a number of countries that had already adopted 1T
were (and, at the time of writing, several of them still are) faced
with a prolonged period of below-target inflation.

Although designed to lower inflation and inflation expectations,
IT is now charged with the objective to raise them, a challenge that
has not yet been studied extensively Questions that are of par-
ticular interest are whether the formation of inflation expectations
differs when inflation is (persistently) weak from when inflation is
at or above target, and whether there is a risk that inflation expec-
tations become disanchored. Benhabib, Schmitt-Grohé, and Uribe
(2002) and more recently Armenter (2014), for instance, show that
at the zero lower bound, low-inflation expectations can become self-
fulfilling. In a similar vein, Busetti et al. (2014) show how a series
of deflationary shocks can unanchor inflation expectations.

Naturally, given the historical background of IT, the existing lit-
erature has mostly studied the performance of IT in bringing infla-
tion down, stabilizing it, and anchoring inflation expectations. In
contrast, much less is known about how IT performs if inflation is

! At the same time, there is an ongoing debate about the optimal level of
inflation targets under low inflation. Several authors (Blanchard, Dell’Ariccia,
and Mauro 2010; Ball 2014) have proposed raising inflation targets from the cur-
rently common level of around 2 percent to a new level of 4 percent, in order to
reduce the likelihood of hitting the zero lower bound (ZLB). The question has
been discussed critically, for instance, by McCallum (2011), Walsh (2011), and
Coibion, Gorodnichenko, and Wieland (2012), but has generally been met with
resistance by central bankers (e.g., Bernanke 2010).



Vol. 11 No. S1 Targeting Inflation from Below 215

below target, and persistently so. Since we have recently seen low
inflation for prolonged periods in a number of advanced economies,
sufficient amounts of data have accrued that now allow us to provide
some empirical evidence that can address these questions. This paper
studies to what extent inflation expectations are anchored in differ-
ent inflation regimes—in normal times, under high (and possibly
persistently high) inflation, and if inflation is weak (and persistently
so0). It employs monthly inflation expectations as provided by Con-
sensus Economics for ten IT countries, covering the time between
the adoption of IT and December 2014. Based on these data, the
paper tests (i) the extent to which inflation expectations depend on
lagged, realized inflation, (ii) the extent to which forecasters dis-
agree, and (iii) how inflation expectations are revised in response to
news about inflation.

The key finding of the paper is that under persistently low infla-
tion, some disanchoring of inflation expectations occurs compared to
situations where inflation is around target. Evidence for this comes
from all three tests: inflation expectations are more dependent on
lagged inflation; forecasters tend to disagree more; and inflation
expectations get revised down in response to lower-than-expected
inflation, but do not respond to higher-than-expected inflation. This
evidence suggests that central banks should expect inflation expec-
tations to behave differently than was the case previously, when
inflation was often remarkably close to target in many advanced
economies. Still, even under persistently low inflation, expectations
in the I'T countries studied here are generally better anchored than
they were in Japan over its period of prolonged weak inflation.

The paper proceeds as follows: section 2 provides an overview
of the related literature. The data are explained in section 3. The
current environment of weak inflation in advanced economies is dis-
cussed in section 4. Section 5 presents the empirical evidence regard-
ing the behavior of inflation expectations, and section 6 concludes.

2. Literature Review

There is a large empirical literature on the effects of IT. Since I'T had
been designed with a view to taming inflation and inflation expec-
tations, this has been the focus of most previous contributions. The
two main aspects of this literature are (i) the effect on inflation
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and (ii) the effect on inflation expectations. We will briefly review
each (for a more detailed summary of the relevant literature and its
placement in the broader context of central bank communication,
see Blinder et al. 2008).

2.1 The Effect on Inflation

Despite the fact that I'T is viewed as a success by I'T central banks,
and even though inflation has typically been lower and more stable
following the adoption of inflation targets, there is still a vigorous
debate on the merits of I'T. There has been early supportive evidence
(King 2002 for the United Kingdom, and Kuttner and Posen 1999
for Canada and the United Kingdom), and Bleich, Fendel, and Riilke
(2012) show that the introduction of IT has significantly shifted the
reaction functions of central banks toward inflation stabilization.
Still, others have questioned whether there is a causal link between
IT and inflation developments, pointing to various complications in
any empirical analysis of this question.

One complication is a possible endogeneity issue, whereby the
decision to adopt IT is not independent of country fundamentals
(Mukherjee and Singer 2008; Samarina and De Haan 2014). Ball and
Sheridan (2005) pointed out that countries that adopted IT often
had above-average inflation prior to adoption. They argue that this
affects the empirical evidence, showing that once mean reversion in
inflation is allowed for by controlling for the initial level of inflation,
the decline in inflation is similar for targeters and non-targeters—a
result that is shared by Willard (2012).

Another complication is the identification of a control group.
Mishkin and Schmidt-Hebbel (2007), for instance, argue that infla-
tion targeters do not show a performance superior to that of a group
of successful non-targeters. Still, even when using advanced econo-
metric methodologies such as propensity score matching to address
this issue, the evidence remains inconclusive: Vega and Winkelried
(2005) conclude that IT has had the desired effect, whereas Lin and
Ye (2007) come to the opposite conclusion

2Other complications arise because the start of IT needs to be defined (for
instance, as the announcement date, as in Bernanke et al. 1999, or as the imple-
mentation date, as in Ball and Sheridan 2005), and because the classification of
inflation targeters is not always clear (Kuttner 2004).
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One reason for the inconclusive findings could be that several
countries in the usual control group have adopted other forms of
quantitative targets. Fatas, Mihov, and Rose (2007) argue that the
quantification matters more than the type of the target, since they
find that inflation, exchange rate, and monetary targets are all linked
to lower inflation. Also, IT might be more successful under some
circumstances—Alpanda and Honig (2014) and Samarina, Terpstra,
and de Haan (2014) find little evidence for the success of IT overall
but identify substantial effects of IT in emerging economies.

2.2 The Effect on Inflation Ezxpectations

Also the evidence regarding the effect of IT on inflation expecta-
tions is inconclusive. Johnson (2003) predicts expected inflation in
IT countries based on a model of expectation determination prior to
the adoption of IT, and finds that actual inflation expectations are
substantially lower than their predicted values. Comparing target-
ing with non-targeting countries, Johnson (2002) provides evidence
of a relative reduction in inflation expectations in the IT countries,
while Levin, Natalucci, and Piger (2004) show that long-term infla-
tion forecasts depend on past inflation in the control group but not
in the IT group. Giirkaynak, Levin, and Swanson (2010) and Davis
(2014) find inflation expectations to be less responsive to news in IT
countries than in the respective control groups.

While these studies suggest a better anchoring of inflation expec-
tations in IT countries, other evidence does not confirm these
findings. Castelnuovo, Nicoletti-Altimari, and Rodriguez-Palenzuela
(2003) find that long-term inflation expectations are well anchored
in all countries in their sample except Japan, regardless of whether
the central bank has an inflation target or not. Also, Pierdzioch and
Riilke (2013) show that forecasters in IT countries often scatter their
inflation forecasts away from the inflation target.

Another strand of this literature has studied the effects of IT, or
central bank transparency more generally, on disagreement among
inflation forecasters. Capistran and Timmermann (2009) show that
disagreement in inflation expectations rises with the level and the
variance of the inflation rate, such that we might expect less dis-
agreement under IT (if having an inflation target contributes to
reducing and stabilizing inflation). Swanson (2006) finds that with
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the increased transparency of the U.S. Federal Reserve, the dis-
persion across private-sector forecasters of U.S. interest rates has
declined, a finding that is supported at the international level in
Dovern, Fritsche, and Slacalek (2012). Crowe (2010) tests whether
IT promotes convergence to lower forecast errors, and points out
that convergence occurs in all countries because of mean reversion,
but that the adoption of IT leads to greater convergence. Ehrmann,
Eijffinger, and Fratzscher (2012) identify I'T as one of various trans-
parency measures that effectively reduce disagreement among infla-
tion forecasters.

Other evidence is less conclusive. Cecchetti and Hakkio (2010)
report only small effects, and Capistran and Ramos-Francia (2010)
detect them only for developing countries. Siklos (2013) studies fore-
caster disagreement across many different forecast types, including
those prepared by central banks and international institutions, as
well as survey-based forecasts conducted among households and
businesses. He finds that central bank transparency in general is
associated with an increase in forecast disagreement, but that the
adoption of IT has little effect on forecast disagreement.

To summarize, it appears that the case for IT is far from settled.
Most longitudinal analyses find that inflation is reduced and more
stable, and that inflation expectations fall and are better anchored
after the adoption of an inflation target, whereas cross-sectional com-
parisons often conclude that similar results have also been obtained
in other countries. In other words, it appears that while IT has
lived up to its promise, it is not unique in delivering low and stable
inflation and well-anchored inflation expectations.

This paper adds a new dimension to the analysis by studying the
performance of IT in different circumstances, namely when inflation
is weak (and persistently so), as opposed to times when inflation is
around target, or when inflation is high (and persistently so).

3. Data

For the empirical analysis, we use data on inflation expectations
provided by Consensus Economics, which are based on surveys
among professional forecasters and are available for a reasonably
long history in a comparable fashion across countries. The same
database has been used in several related studies, such as Crowe
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(2010), Dovern, Fritsche, and Slacalek (2012), Ehrmann, Eijffinger,
and Fratzscher (2012), and Davis (2014).

Since the recent episode of weak inflation has been largely an
advanced-economy phenomenon, we restrict the analysis to the
advanced economies in the data set. Also, since we are, inter alia,
interested in studying forecaster disagreement, the set of countries
is restricted to those where individual forecaster data are available.

Also, we will only include IT countries, and do therefore need
a corresponding classification of countries. Beyond the set of cen-
tral banks that are officially classified as inflation targeters, we also
include the current monetary policy regimes of the Federal Reserve,
the Swiss National Bank, and the European Central Bank (ECB)
in the IT category. These central banks currently have a quanti-
fied inflation objective—while they are not inflation targeters sensu
stricto, the quantification of the inflation objective should provide a
similar anchor for inflation expectations.

Accordingly, the data set spans the following ten economies: Aus-
tralia, Canada, the euro area, New Zealand, Norway, Spain (prior to
joining the European Monetary Union), Sweden, Switzerland, the
United Kingdom, and the United States. We also include Japan,
even prior to its adoption of I'T, to provide a comparator country,
given its long-lasting experience of weak inflation.

The data are monthly, and the mean inflation forecasts are avail-
able since January 1990 (with the exception of the euro area, for
which forecasts start in December 2002). We use the data as of
the month when the quantified inflation objective was adopted (as
in Ball and Sheridan 2005), according to the central bank web-
sites. Alternatives would have been the announcement date (as in
Bernanke et al. 1999) or a later date to allow for the fact that cen-
tral banks need to build up credibility for their target (e.g., Goldberg
and Klein 2011 for the ECB), or to cater to the fact that the Bank
of England gained independence only after introducing its target
(Giirkaynak, Levin, and Swanson 2010). Choosing the adoption date
places us in the middle of these alternatives.

The sample ends in December 2014. Note, however, that we end
the sample for Spain in December 1998, i.e., with the formation of
the European Monetary Union. The reason for this is that there are
no country-specific inflation targets—the ECB defines price stabil-
ity for the euro area as a whole, and because of relatively persistent
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inflation differentials across the euro-area countries (Angeloni and
Ehrmann 2007), it is not clear how the euro-area objective would
translate into national inflation expectations. This procedure also
ensures that the euro area is not double-counted once data for the
euro-area aggregate are available.

Table 1 provides information on the data availability by country.
On average, the data set comprises seventeen forecasters per country
and month, but there is some variation, with a minimum of four and
a maximum of thirty-four respondents. Survey participation is rela-
tively smaller in Norway, with nine forecasters on average, whereas
the number of forecasters in the euro area, the United Kingdom,
and the United States is relatively large, with at least twenty-five on
average.

In the Consensus Economics survey, respondents are asked to
provide their forecasts for consumer price inflation. For a robustness
analysis, we also use the forecasts for real GDP growth. Forecasts
are provided for the current and the next calendar year. This implies
that the forecast horizon decreases over the course of a given year—
while a current-calendar-year forecast in January spans effectively
an entire year, the forecasting problem in December is much sim-
pler, since much of the year’s data are already realized and released.
In the empirical analysis, we will therefore control for the forecast
horizon by including month fixed effects where relevant.

It is also important to note that the forecasting horizon of our
data is rather short. Mehrotra and Yetman (2014) have shown that
longer-term forecasts are better anchored than shorter-term fore-
casts, which is intuitive because the central bank should be able to
bring inflation to target over longer horizons, whereas in the short
run, the long lags in the transmission of monetary policy make
it more likely that inflation deviates from target. This should be
mirrored in the short-term inflation expectations that we study here.

We sourced the actual consumer price inflation rates from the
national statistical offices via Haver AnalyticsEl The central bank

3We use consumer price index (CPI) inflation rates for all countries, in line
with the concept that is forecasted in the Consensus Economics survey, even if
the inflation target relates to a different price concept (such as the Harmonised
Index of Consumer Prices (HICP) in the euro area). Results are robust to using
the alternative inflation concept.
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Table 2. Summary Statistics

Obs. | Mean | St. Dev. | Min. | Max.
Inflation 1955 1.936 1.306 —1.834 | 7.669
Current-Calendar-Year | 1955 2.105 1.136 —0.640 | 5.975
Expectations
Next-Calendar-Year 1955 2.183 0.764 —0.061 | 5.050
Expectations
Low Inflation 1955 0.248 0.432 0 1
Low Inflation, at Least | 1955 0.199 0.399 0 1
Six Months
Low Inflation, at Least | 1955 0.173 0.378 0 1
Nine Months
Low Inflation, at Least | 1955 0.158 0.364 0 1
Twelve Months
Notes: The table shows summary statistics for CPI inflation, for inflation expecta-
tions, and for dummy variables that cover periods of low inflation. Statistics are for
the regression sample, i.e., without Japan.

policy rates were taken from central bank websites, as were the levels
of the central banks’ inflation targetSE

Table 2 provides some information on the inflation outcomes of
the I'T sample (i.e., excluding Japan) and the corresponding inflation
expectations. Inflation has been 1.9 percent, which is very closely
reflected in inflation expectations—current-calendar-year expecta-
tions amount to 2.1 percent, and next-calendar-year expectations to
2.2 percent. Interestingly, inflation expectations are more stable than
actual inflation, and expectations for the longer forecast horizon are
more stable than the current-calendar-year expectations.

Another type of data is required for testing for the extent to
which inflation expectations respond to news about realized infla-
tion. For that purpose, we follow the standard in the announcement
literature (e.g., Andersen et al. 2003) and calculate the surprise

4Unfortunately, variation in the inflation targets is only very small (they range
from 1 percent to 3 percent, with 56 percent of all observations corresponding
to a target of 2 percent, and another 30 percent of observations to a target of
2.5 percent), preventing us from testing whether relatively higher targets atten-
uate the findings that inflation expectations are not anchored as well under low
inflation.
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component contained in the release of CPI inflation by deducting
the expectation of the announcement from the actual announcement
value. As is common in this literature, we have obtained data on the
expectations of the macroeconomic releases from a survey among
financial market participants conducted by Bloomberg, and we use
the median response as our measure of expectations. We ensure that
the data release is appropriately assigned to the relevant Consensus
Economics forecast round; i.e., we test whether the inflation fore-
casts respond to the data release that occurs just before the survey
is conducted.

4. The Current Environment of Weak Inflation in
Advanced Economies

Following the global financial crisis, inflation developments in
advanced economies have surprised many economists, in two dif-
ferent ways. First, as documented by the International Monetary
Fund (2013), there has been a period of “missing disinflation”:
based on previous relationships, given the depth of the recession,
inflation should have declined much more strongly than it actually
did. This period has been analyzed, inter alia, by Gordon (2013),
Murphy (2014), Coibion and Gorodnichenko (2015), and Del Negro,
Giannoni, and Schorfheide (2015).

Second, inflation has more recently surprised to the downside.
While policymakers have pointed this out (e.g., Macklem 2014), lit-
tle research has tried to understand the drivers of inflation dynamics
in this period, with the notable exceptions of Ferroni and Mojon
(2014) and Friedrich (2014).

Figure 1 provides some evidence that the developments in
advanced economies’ inflation rates in 2013 were indeed surpris-
ing to economists. Panel A shows how the 2013 calendar-year
forecasts gathered by Consensus Economics were revised over the
course of 2013 (by comparing the mean forecasts for a given coun-
try ¢ provided in January with those provided in December 2013:
Ec,DecemberQOlS(Trc,ZOlS) - Ec,]anuary2013(7‘-c,2013)' In most countries,
inflation forecasts were revised downward, and in many cases sub-
stantially so. To check this finding, panel B shows the correspond-
ing revisions to GDP growth forecasts (ordered as in panel A,
i.e., by the magnitude of the revision in inflation forecasts). While
inflation forecasts were consistently revised down over the course
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Figure 1. 2013 Forecast Revisions
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Notes: The figure shows the revisions to the mean Consensus Economics fore-
casts for 2013 inflation (panel A) and 2013 real GDP growth (panel B) between
the forecasts conducted in January 2013 and December 2013. For the euro area,
the figure covers the aggregate as well as the five largest euro-area countries.

of the year, this is not true for GDP growth forecasts, confirming
that inflation forecasts were not revised down as a consequence of
downward revisions to economic activityﬁ Rather, the evolution of
inflation itself seems to have surprised forecasters.

5Looking at the evolution of oil prices or the Consensus Economics oil price
forecasts, it is apparent that the downward revisions to inflation expectations
were not driven by oil prices either.
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Figure 2. Weak Inflation in Advanced Economies

A. Number of Months with Inflation below Target Since 2009
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Notes: The figure shows the number of months with inflation below target since
2009 (panel A) and the maximum number of consecutive months with inflation
below target since 2009 (panel B), by country. For the euro area, the figure covers
the aggregate as well as the five largest euro-area countries.

Overall, the period following the global financial crisis can be
characterized as one of weak inflation. This is illustrated in panel
A of figure 2, which shows the number of months that inflation has
been below target since 2009 in the various countries. This was the
case for 69 percent of all observations (74 percent since 2012). The
most extreme cases are Switzerland and Japan, where inflation has
been below the definition of price stability in sixty-seven and sixty-
three out of the seventy-two months in that period, respectively.
On the other side of the spectrum is the United Kingdom, with
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only eighteen out of seventy-two months with below-target infla-
tion. Furthermore, inflation has been below target by substantial
amounts. The average gap between inflation and its target has been
—0.4 percentage points since 2009 and —0.7 percentage points since
2012.

Not only has inflation been low on average, it has also been low
in a persistent manner. This is illustrated in panel B of figure 2,
which shows the maximum number of consecutive months for which
inflation has been below target since 2009 in each country. Obvi-
ously, the outliers are again Switzerland and Japan, with inflation
below the objective in forty-five and sixty-three out of the seventy-
two months, respectively, but many other countries have also seen
persistently weak inflation, with New Zealand, Norway, Sweden, and
the United States all having had thirty or more consecutive months
with inflation below target.

At the end of the sample, inflation was below target in fourteen
of the fifteen countries considered in the figure, suggesting that the
episode of weak inflation is still ongoing at the time of writing this

paper.

5. The Anchoring of Inflation Expectations

The hypothesis to be studied in this paper is the extent to which
inflation expectations are anchored, comparing across different infla-
tion environments. We will perform three types of tests for the
anchoring of expectations. The first examines the extent to which
inflation expectations depend on lagged, realized inflation; the sec-
ond studies disagreement across forecasters; and the third tests the
extent to which inflation expectations get revised in response to
inflation news.

5.1 Dependence on Realized Inflation

If inflation expectations were perfectly anchored at target, they
should not move away from the target, regardless of the current infla-
tion rate that is observed in the economy. Such a degree of anchoring
is most likely not observed in the data (especially given that we are
studying short-term inflation expectations), but the example clarifies
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that a valid test for the anchoring of inflation expectations is the
degree to which they depend on the inflation rates that are observed
in the economy. This type of test has a long tradition in the related
literature and has, for instance, been employed in Levin, Natalucci,
and Piger (2004). The regression underlying these tests is as follows:

E.i(met4n) = ac+ Bimes—1 + /32ch¢ + 53ch,t7fc,t—1 + 54D2t
+ ﬁ5D2t7rc,t—1 +ects (1)

where E. (7. 45) denotes the mean inflation expectations for coun-
try ¢ over the forecast horizon h (i.e., the next-calendar-year fore-
casts), collected in the Consensus Economics survey conducted in
month t. o, are country fixed effects [ Dét is a dummy variable
for times of (persistently) low inflation, and Dgt is a dummy vari-
able for periods when inflation is (persistently) high. The models
are estimated by ordinary least squares. We calculate Driscoll and
Kraay (1998) standard errors, which allow for heteroskedasticity,
autocorrelation up to a maximum lag order of 12, and cross-sectional
correlation[]

The corresponding results are provided in table 3. The first col-
umn reports results from a regression that does not differentiate
across different inflation episodes, and shows that inflation expecta-
tions are somewhat backward looking, which is not surprising, given
the short forecasting horizon. In the subsequent estimations, we dis-
tinguish different inflation episodes. First, we test periods of low and
high inflation. These are defined as times when inflation is more than
1 percentage point below target, and more than 1 percentage point
above target, respectively.

Second, to test for different effects if inflation is high or low in
a persistent manner, we define various dummy variables that are

SThese control for possible country-specific differences that can affect inflation
expectations, such as the quality of the forecaster pool and the difficulty to make
forecasts for a given economy (e.g., because smaller economies are more prone to
shocks and, as such, might ceteris paribus be relatively more volatile). Results
are robust to the inclusion of month fixed effects.

"Results are robust to using panel-corrected standard errors.

8 All results are robust when we define low and high inflation to be below 1
percent and above 3 percent, respectively.
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equal to one if inflation has been low (or high) according to the
above definition for at least six, nine, or twelve consecutive months.

The underlying hypothesis is that the determination of inflation
expectations might be affected if inflation is low (high) for long. This
notion is consistent with recent work by Bianchi and Melosi (2014),
who develop a theoretical framework in which the anti-inflationary
determination of monetary policy varies over time. In this context,
inflation expectations remain anchored when the central bank devi-
ates from an active monetary policy for a short period of time,
but disanchoring occurs and uncertainty rises when the deviation
persists over time. Table 2 provides summary statistics for these
dummy variables—overall, there are 485/389/338/308 observations
where inflation is low for at least one/six/nine/twelve months.

The first row in table 3 shows the dependence on lagged inflation
that results in times when inflation is neither (persistently) low nor
(persistently) high. The estimated coefficients are similar to those
obtained for the full sample (shown in column 1).

Looking at the interaction terms (1 and (), there is little evi-
dence that the behavior of inflation expectation changes if inflation
is high, or persistently so. In contrast, the results suggest that if infla-
tion is low, and in particular if it is low for long, inflation expecta-
tions become more dependent on realized inflation. The magnitudes
are substantial—if inflation has been low for at least nine consecutive
months, the overall coefficient (given as the sum of 5y + f5) is 0.367,
compared with a coefficient of 0.154 otherwise. This implies that
inflation expectations return to target more slowly than otherwise

How do these results compare to the behavior of inflation expec-
tations in Japan? For Japan, we estimate a coefficient of 0.575 (sig-
nificant at the 1 percent level), suggesting that inflation expectations
were still relatively more backward looking in Japan than in the IT
countries under persistently low inflation.

Panels B-E of table 3 contain the results of several robustness
tests. The first two tackle the question to what extent the results

“These results do not depend on Switzerland or the euro area (which have an
asymmetric definition of price stability), nor on the United States (which enters
our data set only very late); dropping these countries from the sample does not
affect results—in this case, the estimate of 31 is 0.143"** and the estimate of 35
is 0.255™**,
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depend on the recent period of weak inflation. As many countries
simultaneously experienced weak inflation recently, one might won-
der to what extent these observations are independent. Even though
we allow for cross-sectional correlation of the residuals, two addi-
tional tests are performed. First, we include time fixed effects, which
control for common developments in inflation expectations across all
countries (like the recent weak inflation episode). Second, we only
include observations prior to 2009, given that inflation started to
weaken across many countries in 2009. For the first of these tests
(reported in panel B), all results are robust. In contrast, for the
second test (reported in panel C, for which we lose around a third
of all observations), results largely lose their statistical significance.
This suggests that the observations since 2009 are important for the
results, but that these do not depend on inflationary developments
that are common across countries.

The third robustness (panel D) deals with the changing fore-
cast horizon of the data over the course of a year. It only includes
data from July, i.e., the middle of the year (in order not to change
the average forecast horizon), and finds that results are remarkably
robust (even though, of course, we are now only using around a
twelfth of all observations). Finally, panel E reports results for a
robustness test that excludes all observations where policy rates are
close to the ZLB. The goal of this test is to see whether the previous
result is driven by the ZLB observations—if policy rates get close
to zero, the central bank might be perceived as having less-powerful
tools to bring inflation back to target, resulting in inflation expecta-
tions being relatively more backward looking. While the results are
obtained only at somewhat lower levels of statistical significance,
they are overall robust [

While these results point to some degree of disanchoring of infla-
tion expectations, a potential alternative explanation for the findings
could be that inflation is effectively more persistent if it is low and

OEven when dropping observations at the ZLB, there is a sufficient number of
observations to warrant econometric testing—we are left with 384/299/256/226
observations with inflation being low for at least one/six/nine/twelve months.

1This, however, does not seem to be the case in our data. When testing for
different persistence conditional on the level of inflation, the differences are not
statistically significant.
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that inflation expectations simply reflect this pattern. This argument
is particularly important because the horizon of inflation expecta-
tions that we are studying is relatively short. It could well be that,
while inflation expectations at shorter horizons become more back-
ward looking, those at longer horizons remain well anchored. Accord-
ingly, it is important to confirm the findings with alternative tests
that are less affected by this complication.

5.2 Forecaster Disagreement

Another way to study the anchoring of inflation expectations is
through forecaster disagreement. If expectations were perfectly
anchored at target, there should be no disagreement. Hence, less
disagreement can be taken as a signal indicating better anchoring of
inflation expectations. As pointed out in the literature review, this
approach has been used in several previous studies

To study disagreement, we need to define a corresponding met-
ric. Much of the literature (e.g., Mankiw, Reis, and Wolfers 2004
or Dovern, Fritsche, and Slacalek 2012) uses the interquartile range
of forecasts in a given country and month. The advantage of this
measure over the simple standard deviation is that it is insensitive
to outliers, which might be important in the analysis of survey data.
In this paper, we use the interdecile range instead, which poten-
tially incorporates a broader range of views while still being robust
to outliers (unless one believes that more than 10 percent of the
observations on each side of the distribution are outliers). Impor-
tantly, results are qualitatively equivalent for the interquartile range
and the standard deviation.

The regressions are specified as follows:

Qc,t(Trc,tJrh) = Q¢+ oy + ’YlEc,t(ﬂ'C,thh) + 72ch7t
+ 3Dl + e, (2)

where Qg (7 ++n) denotes the interdecile range of the inflation
expectations for country ¢ over the forecast horizon h (again, the

!2Capistran and Ramos-Francia (2010); Cecchetti and Hakkio (2010); Crowe
(2010); Ehrmann, Eijffinger, and Fratzscher (2012).
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next-calendar-year forecasts), collected in the Consensus Econom-
ics survey conducted in month ¢. The model, as before, controls
for country fixed effects but now also includes month fixed effects
o, (given that over the course of the year, the forecast horizon
shrinks, forecast uncertainty is reduced, and therefore disagree-
ment should also be lower). It also includes the level of inflation
expectations, to allow for the fact that higher inflation tends to
be more volatile and therefore might be subject to more disagree-
ment. As before, we estimate these regressions using simple ordi-
nary least squares, allowing for Driscoll and Kraay (1998) standard
errors.

Table 4 shows the corresponding results. Consistent with the
findings of Capistran and Timmermann (2009), the estimate of v,
shows that disagreement is larger when inflation expectations are
higher. This suggests that higher inflation rates are more difficult to
forecast, a point that has been raised in arguments in favor of low
inflation targets.

Moving on to the estimates of v and 3, we see how the cross-
sectional dispersion increases both when inflation is persistently low
and when it is persistently high. Comparing these results with the
level of forecaster disagreement in Japan is not straightforward. One
way to do this is to add the Japanese data to the regression and to
simply test for a Japan-specific intercept shift. If we do this, we get
a coefficient of 0.204 (statistically significant at the 1 percent level),
which is substantially larger than the coefficients we obtain for s,
suggesting that forecaster disagreement in Japan has been larger
than what is observed under persistently low inflation in the other
economies.

Panels B-D contain the results of several robustness tests. The
first one includes time fixed effects, as for table 3. In this case, results
are no longer statistically significant (as when restricting the sam-
ple to pre-2009 data). The second, in panel C, shows that results
are robust to using the standard deviation as a measure of fore-
caster disagreement. Finally, panel D retains the interdecile range
as a measure of cross-sectional dispersion but tests whether similar
results can be obtained for forecasts real GDP growth. The results
confirm that disagreement increases when inflation is (persistently)
low and (persistently) high.
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5.8  Responsiveness to the Surprise Component in CPI
Releases

A third way to study the anchoring of inflation expectations is to
see how respomnsive they are to the surprise component contained
in news releases. Related tests have, for instance, been conducted
by Giirkaynak, Levin, and Swanson (2010) and Davis (2014) The
idea is that, in the presence of well-anchored inflation expectations,
incoming news about the current level of inflation should not be
important.

Analogous to the previous tests, we estimate the following rela-
tionship:

Rc,t(’”c,t—i—h*) = Q¢+ Oy + 515c,t—1 + 52Df:,t + (53Df:7tScyt_1
+ 54D?,t + 55D?,tSc,t71 + €cts (3)

where S¢ ;1 is the surprise component contained in the CPI release
in country c just prior to the survey conducted in month ¢. The
dependent variable is R (¢ t+n+), which denotes the revision in
the inflation forecasts compared with the previous month. This test
is therefore different from the first set, where we tested whether
the level of the expectations depends on the level of lagged infla-
tion. In contrast, we are now interested in understanding whether
news about actual inflation leads to a revision in forecasts. To
construct the revision, we follow the approach proposed by Kilian
and Hicks (2013). Revisions for the months of January to Sep-
tember are based on the current-year forecasts (R (e t+he) =
Ec(met+n0) — Ect—1(met+n0)), whereas starting in October, the
revisions are based on the expectations for the next calendar year
(Rc,t(ﬂ-c,t—&-h*) = Ec,t(ﬂ-c,t—i—hl) - Ec,t—l(Wc,t-i-hl))-

Note that equation (3) includes month fixed effects a,,,, like equa-
tion (2), this time because it is likely that there is less need to
revise forecasts if the forecast horizon becomes shorter. Since the

13Using a related technique, Galati, Poelhekke, and Zhou (2011) find that there
was a larger responsiveness in U.S., UK, and euro-area inflation expectations to
news during the global financial crisis. Autrup and Grothe (2014) and Nautz and
Strohsal (2015) confirm this for the United States. An interesting recent extension
to the static modeling approach has been provided by Strohsal and Winkelmann
(2015), who allow for exponential smooth transition autoregressive dynamics.
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Bloomberg expectations data for the CPI releases are not available
for all countries right from the beginning of our sample period, these
tests are based on substantially fewer observations than the earlier
tests. Table 5 shows the results.

Following the previous results, it is not surprising that 0 is pos-
itive, i.e., that inflation expectations are responsive to news. What
is surprising, however, is that under persistently low inflation, the
responsiveness seems to be muted (as can be seen by the nega-
tive coefficients for d3). This suggests a better anchoring of infla-
tion expectations under these circumstances (whereas, so far, we
have argued that they are not anchored as well). How can this be
reconciled?

Panels B and C split the analysis into cases where the inflation
numbers have been surprising to the upside and those where the sur-
prises were negative, i.e., expectations were for a higher number than
was actually released. A striking result emerges—under low inflation,
inflation expectations stop responding to positive inflation surprises
but continue to respond to negative inflation surprises (01 + d3 is
statistically significantly positive in panel B, as can be seen by the
respective p-values shown in the table, but it is statistically effec-
tively zero in panel C). In other words, if inflation is low and infla-
tion numbers come in lower than expected, inflation expectations
decrease further. In contrast, if inflation is low and inflation numbers
come in higher than expected, inflation expectations do not increase.
No such asymmetry is observed if inflation is (persistently) high.

Robustness tests (not shown here for brevity) show that these
results go through for the pre-2009 sample. In contrast, for the model
with time fixed effects, coefficients are statistically insignificant for
the negative surprises. It is important to note, though, that the time
fixed effects severely limit the degrees of freedom, given the small
number of observations for this test.

How do these results compare to what we find for Japan? For
Japan, there is no statistically significant response to surprises—
not for positive surprises, not for negative surprises, and not for
all surprises taken together. However, it is not clear whether this
is an economically meaningful result or whether this is simply due
to a lack of power—as most Japanese CPI announcements in our
data sample were well predicted, there are only fifty-two instances
of positive surprises, and there are thirty-five instances of negative
surprises.
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6. Conclusions

Inflation targeting had originally been introduced to lower and sta-
bilize inflation, and to anchor inflation expectations. Only recently,
some central banks have started to target inflation (or provide a
quantitative definition of their inflation objective) while in a situ-
ation of weak inflation. At the same time, a number of IT central
banks have been confronted with an environment where inflation has
been below target for considerable amounts of time. Therefore, IT
is now charged with targeting inflation from below, as opposed to
its traditional focus of targeting inflation from above.

Until recently, there have simply not been sufficient data to pro-
vide empirical evidence about the environment that central banks
can expect when they are targeting inflation from below. This paper
has attempted to provide some initial evidence in this direction,
focusing on the behavior of inflation expectations. Using Consen-
sus Economics inflation forecasts for ten I'T countries, the paper has
demonstrated that under persistently weak inflation, expectations
are not as well anchored as otherwise. They tend to become more
backward looking; disagreement across forecasters increases; and
they get revised down in response to lower-than-expected inflation,
but do not respond to higher-than-expected inflation. This evidence
suggests that central banks should expect inflation expectations to
behave differently than was the case previously, when inflation was
often remarkably close to target in many advanced economies. Still,
even under persistently low inflation, expectations in the I'T coun-
tries studied here are generally better anchored than they were in
Japan over its period of prolonged weak inflation.
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Discussion of “Targeting Inflation from Below:
How Do Inflation Expectations Behave?”

Eric T. Swanson
University of California, Irvine

The adoption of inflation targeting by central banks around the
world has been nothing short of spectacular. In the twenty-five years
since the Reserve Bank of New Zealand first adopted the inflation-
targeting (IT) framework, it has become the de facto standard
against which all other monetary policy frameworks are compared.
While some countries, such as New Zealand, the United Kingdom,
Sweden, and Norway, are very explicit about how their monetary
policy is tied to IT, other countries, such as the United States, are
not explicit followers of the framework and can only be considered
inflation targeters “in spirit,” if at all.

Given the widespread success of inflation targeting as an idea,
it is perhaps surprising that there is not more empirical evidence
documenting its success as a monetary policy framework. In fact,
the empirical evidence on this question is decidedly mixed, as can be
seen in the nice literature review in Michael Ehrmann’s paper. While
many studies have found that countries that adopted I'T have lower
inflation and/or better-anchored inflation expectations than they did
before adopting IT, the difficulty lies in showing that those countries
have lower inflation and/or better-anchored inflation expectations
than a control group of countries that did not adopt IT. Ideally, the
control group should also control for the initial level of inflation,
since IT countries as a whole have tended to start from a higher
initial inflation level, which was what drove them to adopt IT in the
first place (Ball and Sheridan 2005). This correlation in the data
makes it hard to separate the effects of IT from those of potential
mean reversion (Ball and Sheridan 2005).

Thus, the difficulties in the empirical literature seem to be not
so much documenting an improved performance of I'T countries per
se, but rather documenting a performance in IT countries that is
significantly better than in other countries that didn’t adopt IT.
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In “Targeting Inflation from Below: How Do Inflation Expec-
tations Behave?” Michael Ehrmann looks at a somewhat different
question. Rather than ask whether IT has affected the behavior of
inflation and inflation expectations relative to a control group of
non-IT countries, Michael investigates whether the behavior of infla-
tion and inflation expectations differs across IT countries with low
vs. average or high inflation. The comparison that’s being studied
by Michael in this paper is thus substantially different from the com-
parisons that have been analyzed before, and may be more cleanly
identified in the data.

1. Data and Sample

Of course, for any empirical study, it’s important to have good data.
The first point to note about Michael’s analysis is the wealth of
data that is brought to bear on the issue. The Consensus Econom-
ics data set consists of monthly observations for about ten countries
over twenty or more years. Moreover, the Consensus Economics data
includes not just the level of inflation but also inflation expectations
for the current year, next year, and individual forecasters’ predic-
tions, which allows the researcher to construct measures of cross-
sectional forecast dispersion, or disagreement. The richness of the
data set gives Michael a reasonable chance of identifying the differ-
ence that he is interested in—the differential behavior of inflation
and inflation expectations in I'T countries with low vs. high inflation.

Although the Consensus Economics inflation and mean inflation
expectations data go back to at least the beginning of 1990 for all
the countries in the sample, Michael deliberately chooses to focus
only on the period during which each listed country was an inflation
targeter. Thus, the “start dates” listed in the first column of table 1
of his paper are not due to data availability, but rather correspond
to the date that inflation targeting in each country began. The rea-
son for this choice is the paper’s different focus from the previous
literature—rather than compare I'T vs. non-IT countries, Michael’s
paper focuses on the comparison between I'T countries with low vs.
average or high inflation. This results in a somewhat reduced sample
size of about 1,872 country-month observations, relative to the maxi-
mum possible sample size of about 3,000 country-month observations
that would be available using all of the Consensus Economics data
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(not to mention the additional non-IT countries of France, Germany,
Italy, and the Netherlands, which could be included in the analysis
prior to 1999 along with Spain.) The somewhat reduced sample size
that results from this choice is made up for by the clearer focus of
the regressions on the comparison of interest—the additional obser-
vations discussed above would not help to identify the difference
between IT countries with low vs. high inflation.

2. Correlation over Time and across Countries

As impressive as the large sample size in the data set is, it’s impor-
tant to bear in mind that those 1,872 (or even 3,000+4) observations
are not independent. Inflation is a persistent, slow-moving process
in every country, so the residuals in each of Michael’s regressions
are likely to be serially correlated. Although each of those regres-
sions includes country fixed effects, those fixed effects control only
for differences in the average level of inflation across countries, and
do not fully remove the serial correlation that is present within each
country. A few of Michael’s regressions include time fixed effects
as well, but those also will not eliminate the problem—time fixed
effects remove the average level of inflation residuals across coun-
tries each month but do not correct for the fact that countries with
idiosyncratically high inflation one month will also tend to have
idiosyncratically high inflation for several subsequent months.

Inflation is also likely to be correlated across countries due to
changes in global commodity prices, global business-cycle conditions,
and other global factors, but here the time fixed effects that Michael
includes in a few of the regressions will typically be sufficient to
soak up the correlation. Regressions without those time fixed effects,
however, will be subject to this additional source of correlation as
well.

A separate, but closely related, issue is that inflation has trended
downward over time in virtually every country. After removing coun-
try fixed effects, these downward trends will appear as serial corre-
lation in the residuals within each country, independent of whether
inflation deviations from trend are serially correlated or not.

For all of these reasons, there are effectively far fewer than 1,872
independent observations in each of Michael’s regressions. Ordinary
least squares standard errors will be severely downward biased (and
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t-statistics upward biased), even when country and/or time fixed
effects are included. Thus, the use of the Driscoll-Kraay (1998) panel
standard error correction in each regression is crucial for ascertain-
ing the true statistical significance of the results. This correction (or
something like it) is not performed nearly as often as it should be in
panel studies of inflation targeting. However, as with the standard
Newey-West (1987) procedure for a single time series, it is important
to specify the number of lags of potential serial correlation in the
Driscoll-Kraay (1998) correction. A moderate number of monthly
lags, such as twelve, may be sufficient if serially correlated inflation
deviations from trend are the only problem, but if the inflation data
suffer from downward trends over the sample, then twelve lags may
not be sufficient, since the residual serial correlation will persist for
several years. (Of course, the best correction in case of downward
trends would be to explicitly allow for these trends in the regression
specification itself, rather than try to control for them in the stan-
dard error-correction procedure, but given that Michael’s regressions
do not include time trends, we should bear in mind the possibility of
biased standard errors here.) It would be helpful if Michael offered
some guidance as to the appropriate lag length for the standard
error correction for the Consensus Economics inflation and inflation
forecast data, and considered a specification with time trends as a
check on the results.

3. Regression Results

The results in Michael’s regressions are quite robust. I'T countries
with persistently low inflation (below target for nine months or
more) seem to have substantially lower inflation expectations than
IT countries with average or high inflation (table 3 in his paper), and
those expectations are more sensitive to the level of inflation itself
(also table 3). IT countries with persistently low inflation also seem
to have significantly greater inflation forecast dispersion (table 4 in
his paper). The statistical significance of these results holds across
a wide variety of specifications in both tables, which is remarkable
given the difficulty the literature has had in finding robust differences
between IT vs. non-IT countries. Apparently, the difference between
low- vs. average- or high-inflation I'T countries is easier to identify
in the data than the difference between IT vs. non-IT countries.
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The results in tables 3 and 4 suggest that inflation expectations in
IT countries with persistently low inflation are not as well anchored
as in average- or high-inflation I'T countries. Inflation expectations
are below target, they are more below target for countries with lower
inflation, and disagreement across forecasters is greater for countries
that are more below target. The effects are not symmetric—they
apply only to countries that are running below target, and not above.
The regressions do not shed light on why inflation expectations seem
to become unanchored when inflation is below rather than above tar-
get, but they do suggest that there is a cost of inflation running below
target. To the extent that the benefits of inflation targeting come
from a firmer anchoring of inflation expectations, those benefits seem
to decline substantially if inflation remains below target for more
than a few months. Of course, this raises the intriguing possibility
that the benefits may decline to the point where non-IT countries
could actually perform better than IT countries in a low-inflation
environment, in terms of inflation and inflation expectations being
closer to target and better anchored.

4. Interpretation of the Results

Let me now speculate as to why Michael finds the results that he
does. In other words, why does inflation below target seem to de-
anchor inflation expectations in I'T countries, while inflation above
target does not have the same de-anchoring effect?

A natural explanation seems to be one of perceived impotence of
the central bank. When inflation is above target, it’s natural for the
public and the media to interpret the higher inflation as an optimal
choice of the central bank. After all, the central bank’s alternative
was to raise interest rates further and thereby reduce real economic
activity.

However, when inflation is running below target, it’s more dif-
ficult for the public and the media to interpret the outcome as an
optimal choice. Presumably, central banks prefer more real economic
activity to less, as long as inflation does not rise substantially above
target, and yet the central bank did not stimulate the economy. It’s
hard to imagine why the central bank wouldn’t have done so unless
it was somehow unable to stimulate the economy. Thus, inflation tar-
get misses on the downside naturally seem to suggest an explanation
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based on central bank impotence rather than optimization. This per-
ception of impotence is probably strengthened by the obvious zero
lower bound constraint faced by many central banks in recent years.

It’s important to note that Michael’s results suggest a prob-
lem of perceptions of central bank impotence by forecasters, rather
than actual impotence. Much theoretical work (e.g., Reifschneider
and Williams 2000; Eggertsson and Woodford 2003) and empirical
evidence (e.g., Gurkaynak, Sack, and Swanson 2005; Swanson and
Williams 2014) suggests that central banks can work around the zero
lower bound constraint without too much difficulty as long as they
have some ability and willingness to commit to policy actions in the
future. Nevertheless, central banks may suffer from a perception of
impotence to the extent that these workarounds are not understood
by the public and the Consensus Economics forecasters [l

However, if Michael’s results are driven by the zero lower bound
and private-sector perceptions of central bank impotence, then this
does call into question whether the inflation-targeting criterion is
necessary or even relevant for the analysis. In other words, do we
need to restrict attention to inflation-targeting countries to obtain
the same results that Michael finds? Or would we find very similar
results if we looked at a broader sample of low-inflation vs. high-
inflation countries that included both IT and non-IT central banks?
Some additional research on this question seems like it would be
warranted.

5. Conclusions

In summary, Michael asks a question in this paper that is different
from what has typically been considered in the inflation-targeting lit-
erature. As a result, he gets stronger and more robust results than
is typical for that literature. Apparently, the difference between 1T
countries with low inflation vs. average or high inflation is better
identified in the data than is the difference between I'T and non-IT
countries themselves.

1 Of course, it’s also possible that central banks do suffer from impotence to
some extent at the zero lower bound, which would help to explain why several
of them allowed inflation to run below target for several months or even years
without doing more to stimulate their economies.
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IT countries with persistently low inflation seem to suffer from a
“de-anchoring” problem. Their inflation expectations are lower (rel-
ative to IT countries with average or high inflation), their inflation
expectations are more sensitive to the level of inflation itself, and
there is more disagreement across forecasters about the future path
of inflation.

A natural explanation for these findings seems to be the zero
lower bound and private-sector perceptions of central bank impo-
tence. However, this raises the question whether the restriction to
IT countries is necessary to obtain the same result. To the extent
that all central banks face a problem of impotence (or perceived
impotence) at the zero lower bound, then we should expect to see
similar results even for non-IT central banks. Future research into
this question seems warranted.
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Inflation Targeting: A Victim of Its Own
Success®

Christian Gillitzer and John Simon
Reserve Bank of Australia

Since the introduction of inflation targeting, inflation
expectations have become firmly anchored at target and there
has been a flattening of the Phillips curve. These changes mean
that a “divine coincidence” between headline inflation and
output-gap stabilization is less apparent than when inflation
targeting was introduced. This has led some to call for a fun-
damental reengineering of inflation-targeting regimes: either
adopting explicit dual mandates or replacing headline infla-
tion with a target inflation measure more closely related to
domestic output gaps. We argue instead for an evolution in the
practice of CPI inflation targeting. In practice, many central
banks have already moved in this direction with the adoption
of flexible inflation-targeting frameworks.

JEL Codes: E31, E52, E58.

1. Introduction

Despite one of the largest global recessions in decades during the
financial crisis, global inflation barely budged. In some respects,
this could be seen as a triumph for inflation targeting—inflation
remained close to target despite some of the largest economic shocks
in living memory. In the eyes of some, however, the financial cri-
sis has demonstrated the weaknesses of inflation targeting. It has
been argued that, in the face of record levels of unemployment in

*The views expressed in this paper are those of the authors and should not be
attributed to the Reserve Bank of Australia. We are grateful for comments pro-
vided by Alexandra Heath, Chris Kent, Peter Tulip, Alex Wolman (discussant),
and participants at the 2014 RBNZ/IJCB conference “Reflections on 25 Years of
Inflation Targeting.” We would like to thank Emil Stavrev and Troy Matheson for
sharing MATLAB code to estimate Phillips curves with time-varying coefficients.
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many economies, central banks should weigh unemployment out-
comes more heavily in their objectives. There have also been argu-
ments that central banks, in responding to imported inflation shocks
while domestic demand remains depressed, or focusing on low head-
line inflation while asset prices were accelerating, have focused on
inappropriate or misleading inflation measures. This paper makes
the argument that these two, seemingly contradictory, outcomes are
a reflection of the general success of inflation targeting. Like a vac-
cination program, once the disease is effectively conquered, people
begin to question the value of vaccination. This means that the com-
munication challenges for central banks are magnified, but it doesn’t
necessarily mean that the vaccination program itself, inflation tar-
geting, needs to be fundamentally reengineered.

To reach this conclusion, we first look at the behavior of infla-
tion in Australia over the past twenty-five years or so since inflation
targeting was introduced. While we look at data from Australia,
reflecting our familiarity with the Australian experience, the findings
are illustrative of a broader experience that is common across most
inflation-targeting central banks, and our subsequent discussion is
not specific to any one country (see International Monetary Fund
2013). We document significant changes in the behavior of inflation
over that time period: long-term inflation expectations have become
firmly anchored at target inflation rates; the simultaneous flatten-
ing of the Phillips curve has contributed to a substantial reduction
in the variability of prices directly affected by domestic monetary
policy; and imported inflation now accounts for a larger share of the
variability in consumer price inflation than in the past, while also
having less ongoing influence on inflation.

These changes in the inflation process have made CPI inflation
a less reliable guide to the appropriate stance of monetary policy.
Changes in CPI inflation are now more likely to reflect imported
inflation than changes in domestic economic conditions. Further-
more, the flattening of the Phillips curve, whether caused by or
coincident with the adoption of inflation targeting, has complicated
the task of identifying deviations in output from potential and, thus,
forecasting inflation. Inflationary pressures arising from imbalances
between demand and supply are smaller and more difficult to sepa-
rate from idiosyncratic variation in inflation.
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We consider the implications of these changes in the inflation
process for the conduct of inflation targeting over the next twenty-
five years. We focus our discussion around the central bank objective
of maintaining price stability rather than also exploring the other
major responsibility of central banks—financial stability. This is not
to say that financial stability is not important. Rather, it is a suffi-
ciently large topic that it would be difficult to do it justice within
the same paper. Notwithstanding this, we do touch on financial sta-
bility considerations to the extent that financial stability can affect
price or output stability. Thus, reflecting our focus on the price sta-
bility mandate, we discuss two particularly prominent proposals for
change: either adopting explicit dual unemployment-inflation man-
dates or changing the target to a measure more closely related to
domestic economic conditions than CPI inflation. Our discussion
emphasizes that a breakdown in the correspondence between output
and inflation stabilization, caused in part by the success of infla-
tion targeting, motivates these proposals for change and can help us
understand the perceived “failings” of inflation targeting during the
recent crisis. We conclude by suggesting some particular areas of the
practice of central banking that will need to change and improve if
inflation targeting is to celebrate its fiftieth anniversary twenty-five
years from now. We do not recommend wholesale change, but there
may be some scope for enhancements.

2. The Past Twenty-Five Years

When inflation targeting was first introduced in New Zealand
twenty-five years ago, the world was a very different place from the
one we know today. In New Zealand, inflation was hovering around
7 percent and interest rates, both monetary policy and mortgage,
were in the high teens. The high interest rates were a reflection of
the fact that, with limited inflation credibility, an aggressive pol-
icy response was required to reduce inflation. The situation was not
so different in Australia: highly contractionary monetary policy in
the early 1990s—mortgage interest rates were around 18 percent—
preceded a large disinflation and the adoption of inflation targeting.
Previous frameworks, such as fixed exchange rate regimes and money
growth targeting, had broken down and the even higher inflation and
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interest rates experienced in the 1970s were very much an ongoing
concern rather than the distant memory they are today.

Since then the practice of inflation targeting has evolved sub-
stantially, as has the economic environment. This early evolution
occurred in small open economies such as Australia, Canada, and
New Zealand, and was driven by the practicalities of making mone-
tary policy decisions in an uncertain world. There were large debates
about how to implement inflation targeting, and the questions that
were asked then are not so different from the ones being debated
today. Policymakers and academics debated: Should the target be
aggregate consumer prices or only non-traded consumer prices?
Should asset prices be included in the objective function or not?
And what was the appropriate horizon for achieving an inflation
target?

From these debates, and the experience gained implementing
inflation targeting, emerged the inflation-targeting frameworks we
have today. These frameworks are commonly described as “flexi-
ble inflation targeting,” whereby central banks give priority to con-
trolling inflation over the medium run but, where the opportunity
exists, stabilize output or employment as well. Furthermore, while
targets are invariably stated in terms of headline inflation, under-
lying inflation measures are routinely used as a guide for policy.
These frameworks have proved to be remarkably successful in both
reducing inflation and anchoring expectations. As we demonstrate
in this section, the successful implementation of inflation targeting
has dramatically altered the behavior of inflation.

A direct way of seeing one aspect of this change in behavior is to
look at the way long-term inflation expectations respond to inflation
surprises. If expectations are well anchored, they should not respond
to surprises. On the other hand, if inflation expectations are adap-
tive or otherwise poorly anchored, one would expect to see revisions
to longer-term expectations when a surprise occurs. To assess this
we use Consensus FEconomics forecasts of inflation and look at the
way expectations change between the March and September quar-
ters[] The change in current-year inflation expectations between
these two dates is a good indicator of the inflation surprise between

1Official inflation data in Australia are published at a quarterly frequency.
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those dates. Reflecting our comparative advantage, we conduct this
exercise on Australian expectations—results for other countries are
similar 2

Formally, for forecast horizons up to six years ahead, we estimate
the regression

Sep M . Sep M
FPPmon — F " mgn = o + Be(FY Py — F;U " me) + €04ens

where Ftsep T+n 1S the September-quarter Consensus forecast in year
t for inflation in year ¢ + h, and similarly for the other forecast
terms in the regression. The coefficient 3} is the estimated revision
to inflation expectations at horizon h in response to a surprise in
current-year inflation.

Data are available from 1991, so we split the sample approxi-
mately in half, with a sample from 1991 to 2000 that covers the
initial years of inflation targeting in Australia and a sample from
2001 to 2013 reflecting more recent experience. We estimate regres-
sion coeflicients (), for each sample period, and show in figure 1
the response of inflation expectations to a one-standard-deviation
surprise in current-year inflation: F;®m, — FMa q, In the pre-
2000 period for Australia, a one-standard-deviation surprise (March
to September) in current-year inflation tended to raise professional
forecasters’ inflation expectations at a five-year horizon, but in the
post-2000 period inflation surprises have had a negligible effect on
expectations (abstracting from base effects). Inflation expectations
are clearly better anchored today than they were when inflation
targeting was first being established in Australia.

While this evidence is relatively direct and transparent, it is
only partial. There are other ways in which inflation targeting may
have affected the behavior of inflation. For example, there is ongo-
ing debate about whether the relationship between economic slack
and inflation has been changing or, conversely, whether more sta-
ble inflation has been a sign of small levels of economic slack despite
heightened unemploymentﬁ Furthermore, particularly in small open
economies, there has been a debate about the changing influence of
imported goods and services prices on domestic inflation. To address

2See International Monetary Fund (2011).
3See Debelle and Vickery (1997) and Kuttner and Robinson (2008).
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Figure 1. Response of Inflation Expectations to a Surprise
Change in Current-Year Inflation: By Horizon
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Notes: The figure shows the change in year-on-year Consensus inflation expec-
tations between the March and September quarters for the current year and each
year out to a six-year horizon, in response to a one-standard-deviation surprise
change in current-year inflation.
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these issues in a more comprehensive way, we estimate a relatively
standard New Keynesian Phillips curve. To allow for the fact that the
inflation process may have changed over time, we estimate a model
with time-varying parameters using a non-linear Kalman filter devel-
oped by Matheson and Stavrev (2013). This framework allows us to
simultaneously examine changes in the slope of the Phillips curve,
the degree of anchoring in inflation expectations, and the natural
rate of unemployment.

More technically, in our estimation annualized inflation m; is
described by a Phillips curve that depends on inflation expectations
7¢, the deviation of unemployment from its natural rate (u; — u}),

. . . . ~4
and import price inflation 7,

e * ~4.m T
T =my — Ke(up —uy) +ymry 4 ef.

The import price term frf "™ is demeaned tariff-adjusted import price
inflation relative to CPI inflation, in year-ended terms. Inflation
expectations is a weighted average of a forward-looking measure,
long-term Consensus inflation expectations, and a backward-looking
measure, lagged year-ended inflationfd

7Tf = 9,577} + (]. - 0,5)77'?_1.

The unemployment gap evolves according to the first-order autore-
gressive process
u—u’™)

(w —uf) = plus—1 — uj_y) + &l

with the natural rate of unemployment evolving according to a
random-walk process:

* ok u*
Uy =Up_ 1 T & -

4 After 1991, the long-term inflation expectations series is Consensus forecasts
for CPI inflation six to ten years ahead; expectations are surveyed in the June
and December quarters, and we linearly interpolate between observations. From
1986 to 1991, we use long-term inflation expectations implied by inflation-indexed
bonds, and before 1986 expectations are proxied by the difference between ten-
year nominal bonds and an estimate of the world real interest rate (see Debelle
and Laxton 1997).
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The shock 61(5u7u*) is interpreted to be a demand shock, and 6%‘* a
shock to the level of the natural rate of unemployment. The slope of
the Phillips curve k; > 0, the weight on long-term inflation expecta-
tions 1 > 6; > 0, and the coefficient on import prices 7; > 0 are time
varying, each evolving according to a constrained random walk. The
coefficient p is constant throughout the sample period.

The natural rate of unemployment and time-varying parameters
are treated as unobserved states and estimated using a constrained
non-linear Kalman filter. A non-linear Kalman filter is required
because the measurement equation is multiplicative in unknown
state variables: the natural rate of unemployment and the coefficient
on the unemployment gap are both allowed to be time varying.

Initial values for the shock variances are calculated using ten-year
rolling non-linear least-squares regressions, with the parameters and
the natural rate of unemployment assumed to be constant within
each ten-year window. Constrained maximum likelihood is used to
estimate the parameter p and the shock variances, subject to the con-
straint that the estimated shock variances are no larger than across
the ten-year rolling windows. Because there is a potential identifica-
tion problem for the unemployment-gap demand shock 51(5“_“*) and
the natural rate shock €, the relative variance of these two shocks
is imposed. We follow Matheson and Stavrev (2013) in choosing
S = var (812“_“*))/7}&7“ (5}/‘) equal to 15, resulting in relatively sta-
ble estimates for the natural rate of unemployment; for robustness
we also estimate the model assuming S = 5, which results in a rela-
tively flexible natural rate of unemployment (shown in figure 2, but
the corresponding parameter estimates are omitted in figures 3—5 for
clarity—they are qualitatively similar to those Shown) We estimate
the system at a quarterly frequency for the period 1965-2013, using
CPI inflation excluding interest charges and health and tax policy
changes

5To avoid convergence on unrealistic variances for the shock processes when
S = 5, we restrict the estimated variances of the shocks to the parameters k¢, 0y,
and 7: to be no less than one-quarter of their estimated magnitude in ten-year
rolling regressions; at an optimum, these constraints do not bind.

5The official target measure for Australia used Treasury underlying infla-
tion between 1993 and 1998; the econometric results are similar using Treasury
underlying inflation in place of CPI inflation for this period.
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Figure 2. Unemployment and the Natural Rate of
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Figures 2-5 report the two-sided smoothed estimates of the nat-
ural rate of unemployment and the slope parameters. The estimated
natural rate of unemployment depends on the imposed degree of
stability, and so the size of the unemployment gap at any point in
time is quite uncertain, the more so at the endpoints. To give a sense
of the uncertainty inherent in these estimates, we present two such
estimates in figure 2. Furthermore, as we discuss later, changes in
the inflation process have made it more difficult to estimate the nat-
ural rate of unemployment precisely. As such, little weight should be
placed on the particular estimates of the natural rate of unemploy-
ment shown here. For our purposes, the important aspect of these
estimates is that we use a natural rate of unemployment that is
internally consistent; the estimates of the other parameters are not
particularly affected by the degree of smoothness we impose on the
natural rate of unemployment.

Turning to the parameters of most interest, we see that, follow-
ing the introduction of inflation targeting (IT), inflation has become
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Figure 3. Anchoring of Expectations: ®
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more firmly anchored on long-term expectations, and less on the pre-
vious year’s inflation rate: the coefficient 6, on long-term bond mar-
ket inflation expectations has risen toward unity over the inflation-
targeting period. Furthermore, since the introduction of inflation
targeting, long-term inflation expectations have themselves become
better anchored: since 1998, long-term inflation expectations have
never deviated from the midpoint of the Reserve Bank of Australia’s
inflation target by more than 0.2 percentage points, unlike in earlier
years when co-movement between long-term expectations and cur-
rent inflation was clearly evident. At the same time, the coefficient k;
on the unemployment gap has become smaller, indicating a flatten-
ing of the Phillips curve. The speed with which import price changes
pass through to consumer price changes also appears to have slowed.
In particular, figure 5 shows that the effect on consumer price infla-
tion of a one-standard-deviation increase in year-ended import price
inflation is estimated to have declined over the inflation-targeting
period.
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Figure 4. Slope of Phillips Curve: k
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Our econometric results suggest that shocks have less of an effect
on inflation now than prior to the introduction of IT. The wage-
price spirals that economists of the 1970s worried about seem to be
less of a concern today, reflecting better-anchored inflation expec-
tations but also decentralization of the wage-bargaining process.
The transitory nature of inflation surprises in an IT world is con-
firmed by a trend-cycle decomposition of inflation. For the United
States, Stock and Watson (2007) show that the variance of the
trend component of inflation declined sharply in the mid-1980s,
following the Volcker disinflation, and declined further after 1990,
falling to a level of volatility not seen since the mid-1950s. Vari-
ability in the transitory component is largely beyond the control
of central banks and has remained unchanged. Thus, the share of
inflation variability accounted for by transitory shocks has risen
sharply.

For Australia, a simple way to see this change in the inflation
process is to compare tradable and non-tradable inflation between
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Figure 5. Response of CPI Inflation to a
One-Standard-Deviation Increase in Real Import Prices

% %
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Notes: +/— one-standard-deviation confidence interval is shown. Import prices
have been adjusted to include tariff changes.

the 1980s and 1990s, when inflation targeting was in its infancy,
and today. Although tradable inflation includes a domestic retail-
ing component, a large portion of the variation in tradable goods
and services prices reflects external influences. Consistent with the
results of Stock and Watson (2007) for the United States, the first
panel in table 1 indicates that there has been a negligible change
in the variance of tradable inflation in the pre- and post-IT peri-
ods. (We exclude the disinflationary period from these calculations
to guard against attributing the mean shift in inflation to variabil-
ity in the pre-IT period.) In contrast, the variance of non-tradable
inflation—the set of prices most influenced by Australian monetary
policy—has fallen by more than half. Compounding the increase in
the relative importance of imported inflation, the covariance between
tradable and non-tradable inflation has declined between the pre-
and post-IT periods. The persistence of non-tradable inflation has



271

Inflation Targeting: A Victim of Its Own Success

Vol. 11 No. S1

Po3oo1es a1om syj3us] Ser] ‘sedIeyo 3soIojul pue sefuryd Xe) JUIPN[OXo

"UOLISYLID HTY o) Suisn

‘Kouonbaiy A1e11enb e ge ‘sjutod oFejusdiod ul ore )R] :S9JON]

00— 220 STenpIsoy JO 90URLIRAO))
67°0 09°0 S[BNPISOY JO SOURLIBA so[qepedLy,
91'0— :(2)uVv 0:(0)uv SIURDIIE0)) JO WNg PpPoN (d)yvy
210 69°0 S[RNPISOY JO 9OURLIRA so[qepel] -uoN
120 :(7)av 0 (1)uv SJUDIDIPOO)) JO WING PPOIN (d)uV
z0'0— 1€°0 9OURLIBAO))
860 09°0 SO[(BPRL], :0OURLIEA
GT0 060 SO[(RPRIT,-UON :90URLIRA SoLIaG [RUISLI()

vO:€102-TD:€661
:3urje8ae], uoryegur-3sod

v0:0661-2D:2861
:3urjedae], uorjyegur-aad

eleaIsny :uorjisodwodd( aouelIeA uorjegul [dD T 2[qel




272 International Journal of Central Banking September 2015

fallen together with its variance between the pre- and post-IT peri-
ods: the sum of the autoregressive coefficients for non-tradable infla-
tion falls from 0.44 in the pre-IT period to 0.21 in the post-IT period
(see the second panel in table 1). Consistent with our earlier results,
the variance of shocks to non-tradable inflation, estimated by the
residuals of the autoregressive models for the pre- and post-IT peri-
ods, has fallen substantially. There is little evidence of persistence
in tradable inflation in the pre- or post-IT periods. An implication
of the decline in the covariance between tradable and non-tradable
inflation is greater relative price variation. As a consequence of more
stable non-tradable prices, nominal and real prices of tradable goods
now move more closely together

Associated with these changes, the relationship between unem-
ployment and inflation has become substantially weaker. To illus-
trate the flattening of the Phillips curve, we forecast the response of
inflation under old and current parameter values to a sustained 1-
percentage-point deviation in unemployment below its natural rate.
Figure 6 indicates that the predicted response of inflation to an
unemployment gap is now smaller than under parameter values esti-
mated prior to and in the early years of I'T. Inflation is less sensitive
to an unemployment gap than in the past for two reasons: first, the
slope of the Phillips curve has declined, and second, because infla-
tion expectations are now firmly anchored on the inflation target,
the increase in inflation caused by the unemployment gap has a neg-
ligible effect on inflation expectationsﬁ The contribution of inflation
expectations to predicted CPI inflation for each scenario is indicated
by the area in the lower panel of figure 6. The sensitivity of inflation
to import prices is also estimated to have declined, although our
scenario assumes unchanged import prices.

With a flatter Phillips curve, a relatively large share of the vari-
ability in inflation is now dominated by transitory changes, and devi-
ations in unemployment from its natural rate are more difficult to
detect in inflation data than in the past. Excess demand pressures

"Thanks to Alex Wolman for bringing this point to our attention.

8We assume long-term inflation expectations remain anchored at target for the
purposes of this illustration. Given the slow rate at which the degree of anchoring
has changed in response to regime changes in the past, this seems reasonable for
an illustration of an unchanging regime.
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Figure 6. Predicted CPI Inflation
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Notes: Inflation is at an annualized rate. Prior to the shock, the unemployment
gap is assumed to be equal to zero and inflation expectations to be 2.5 percent per
annum. “1980s parameters” uses the average of the estimated model parameters
for the 1980s, and analagously for “1993-2000 parameters”; “2013 parameters”
uses the estimated model parameter values at end-2013.

are more likely to be swamped by noise than in previous decades.
Conversely, changes in unemployment and output are less useful for
forecasting inflation than in the past. In a particularly stark demon-
stration of this point, Atkeson and Ohanian (2001) found NAIRU-
based inflation forecasts to now be little better than naive inflation
forecasts of U.S. inflation. For Australia, this was demonstrated by
Heath, Roberts, and Bullman (2004).

3. The Next Twenty-Five Years

As we have seen, there is evidence that twenty-five years of inflation
targeting have delivered inflation processes that are better anchored
and less affected by the business cycle than they were before the



274 International Journal of Central Banking September 2015

advent of inflation targeting. Although we focused on Australia
above, its experience is illustrative of the experience of many coun-
tries around the world [ These changes mean that the challenges fac-
ing central banks are likely to be of a quite different character than
the challenges dealt with over the past twenty-five years. Moreover,
the financial crisis has stimulated a renewed debate about whether
inflation targeting is the most appropriate way to conduct monetary
policy. We suggest that it is—subject to some evolutionary changes.
But, before we get there, it is useful to review some of the criticisms
that have been directed at inflation targeting since the financial cri-
sis. We discuss the alternative monetary policy frameworks that have
been suggested in light of these criticisms and how these criticisms
are a natural consequence of the changed behavior of inflation over
the past twenty-five years. It is, ultimately, the fact that the changed
behavior is a reflection of successful inflation targeting that argues
against wholesale change.

3.1 A Flavor of the Debate

The financial crisis has been the catalyst for criticism of inflation
targeting. Wren-Lewis (2013) states, “Whatever the causes, there is
now a clear conflict between what a sensible UK monetary policy
would be doing and what is actually happening. Monetary policy
is not providing enough stimulus to the UK economy, because it is
focusing on the inflation target, and not the output gap. Inflation
targeting in the UK is not working, and something needs to change.”
Joe Stiglitz (2011) put it thus: “The idea that targeting inflation will
lead to financial stability or that focusing on only price and financial
stability is sufficient for maintaining a low output gap and stable and
robust growth is fundamentally flawed.”1] Jeffrey Frankel (2012b)
has already prepared an obituary for I'T, writing that “the monetary

?See International Monetary Fund (2013).

ONotably, however, he acknowledges the following in a parenthetical comment
immediately after his criticism: “(In extreme cases, of course, where the issue is
not 3, 4, or 5 percent inflation but more like 10 percent inflation, central banks
must focus on inflation as well. But in places like the United States and Europe,
where inflation has been controlled, this is not the issue.)” (emphasis added). We
believe this really is the issue and discuss it further below.
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regime, known affectionately as ‘I'T’ to its friends, evidently passed
away in September 2009.”

These criticisms stem from a view that, given depressed eco-
nomic conditions, central banks should be running very stimulatory
monetary policy, pretty much regardless of the rate of headline infla-
tion. While central banks have generally been running stimulatory
policy, the criticism is that they have not been aggressive enough
because of fears of breaching their inflation targets. For example, it
is suggested that the European Central Bank delayed lowering inter-
est rates because it was overly concerned about headline inflation
rates that were being boosted by temporary oil and commodity price
increases. In the United Kingdom, as alluded to by the quote from
Wren-Lewis above, the suggestion is that persistently high inflation
outcomes and rising inflation expectations constrained the stimulus
that the Bank of England provided.

In short, in the view of many critics, current monetary policy
frameworks place too much weight on CPI inflation. The solutions
that have been proposed address the perceived shortcomings in two
main ways. One strand of suggestions has been to focus on infla-
tion measures other than the consumer price index—in particular,
to focus on measures that respond more closely to domestic cycli-
cal conditions. For example, targets could be defined in terms of the
rate of increase in labor earnings net of productivity gains (unit labor
costs). Another suggestion is to give asset price inflation more promi-
nence in monetary policymaking. Asset price developments may sig-
nal changes in financial stability and, thus, inform judgments on the
risks to output. While both labor earnings net of productivity gains
and asset price changes are still measures of inflationary pressure,
the ideas have at their heart the goal of choosing targets that are
more in line with output fluctuations. If the economy is booming,
it is argued, it is more likely to be showing up in wage measures or
asset price rises than in headline inflation.

The other main strand of suggestions is to target output fluc-
tuations more directly. In some, this would be an explicit mandate
to stabilize output—similar to the Federal Reserve’s so-called dual
mandate. In this dual-mandate framework, central banks’ decisions
would be based not only on their views about inflation but also on
direct measures of output and unemployment gaps. Central banks
would thus have more discretion to allow inflation fluctuations if
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addressing them would exacerbate cyclical downturns. Alternative
approaches would incorporate output into the framework by making
nominal GDP the target of policy.

3.2 The Options

As discussed above, there are two broad suggestions for how to “fix”
inflation targeting given the tensions revealed in the aftermath of the
financial crisis: (i) modify the particular definition of inflation that is
being used or (ii) incorporate output into the target more explicitly.
There is, also, a third option to maintain the current framework. We
discuss these general suggestions next.

3.2.1 Modify the Target Definition

During the Great Moderation there was an unusual correspondence
between stabilization of CPI inflation and output: cost-push shocks
were short lived and typically small. But as the Bank of England’s
experience illustrates, this correspondence broke down. Confronted
with persistent imported inflationary pressures, it has been argued
that the CPI inflation target restricted its ability to react to domestic
weakness and accommodate non-domestically generated inflation.
Similarly, although with the opposite effect, the rise of China and
other emerging-market economies as low-cost producers of manufac-
tured goods in the 1990s and early 2000s restrained tradable inflation
and led to central banks tolerating relatively high rates of nontrad-
able inflation that became uncomfortable once the effect on tradable
inflation waned. Given the way CPI inflation muddied the waters, it
seems natural to consider adjusting the target inflation measure to
better reflect underlying inflationary forces.

Adopting an inflation measure that corresponds more closely to
domestic economic conditions reduces the potential conflict between
output and inflation stabilization while maintaining a credible nom-
inal anchor for monetary policy and, given the transitory nature of
imported inflation shocks, focusing on a measure that is likely a bet-
ter indicator of medium-run inflationary trends. A target inflation
measure that abstracts from idiosyncratic variation is also attrac-
tive because doing so holds the central bank responsible only for the
prices under its influence.
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Replacing CPI inflation with non-tradable inflation as the tar-
get measure, for example, would largely abstract from commod-
ity price and exchange rate movements. As Bharucha and Kent
(1998) explain, targeting non-tradable rather than CPI inflation
allows the central bank to tolerate relatively large movements in
the exchange rate. They consider the exchange rate channel of
monetary policy transmission and show that it is optimal for a
central bank with a non-tradable inflation target to respond rela-
tively aggressively to supply and demand shocks, at the expense of
exchange rate and CPI inflation variability. Furthermore, because
tradable prices (e.g., petrol prices) are typically more flexible than
non-tradable prices, targeting non-tradable prices puts more weight
on sticky-price goods, which is optimal from a welfare perspec-
tive in New Keynesian models (Aoki 2001, Eusepi, Hobijn, and
Tambalotti 2011). Targeting a non-tradable inflation measure does
not hold central banks responsible for cross-country spillover effects
of export price inflation, but neither does current practice: IT
central banks use consumer rather than producer price target
measures.

A complication associated with adopting non-tradable inflation
as the target measure is that, reflecting the Balassa-Samuelson
effect, non-tradable inflation has consistently exceeded tradable
inflation. Because non-tradable inflation is a biased measure of
average CPI inflation, consumer inflation expectations might, irra-
tionally, become anchored at this higher level because it was the
target of policy. If so, the disconnect between inflation expecta-
tions and the inflation target would lead to either a ratcheting up of
average inflation, if these higher inflation expectations were allowed
to become embedded in prices and wages, or consistently contrac-
tionary monetary policy with higher unemployment and output gaps
as these pressures were resisted.

As mentioned earlier, another alternative is to adopt a measure
of labor earnings net of productivity as the target measure, poten-
tially providing a better indication of the trend pace of inflation than
a consumer price measure. A drawback is the notorious difficulty in
estimating productivity growth: reliable productivity estimates are
only available for the market sector, and the data are often substan-
tially revised. Changes in the composition of employment over the
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business cycle would also complicate the use of a labor cost target
measure to guide monetary policy Furthermore, such a measure
would abstract from the important role that changes in margins play
in the inflation process.

3.2.2  Target Output More Explicitly

Rather than change the target inflation measure, central banks could
adopt an explicit output stabilization objective, to complement the
inflation target. A dual mandate would provide flexibility to accom-
modate persistent commodity price or exchange rate shocks that
push inflation above target during times of economic slack. In con-
trast, a strict CPI inflation objective requires monetary policy tight-
ening, exacerbating the fall in output. To the extent that there has
been a flattening of the structural Phillips curve, a reevaluation of
the trade-off between inflation and output would be in order, as off-
setting even relatively minor cost-push shocks requires a larger fall
in output than in the past.

One mechanism to increase the importance of output relative to
inflation is to replace I'T with nominal GDP growth targeting, an old
idea that has gained prominence since the financial crisis. A nomi-
nal GDP growth target implicitly places equal weight on output and
inflation stabilization, which to its proponents achieves a better bal-
ance of objectives than I'T. But targeting nominal GDP growth does
more than reweight the inflation and output stabilization objectives:
it changes the target inflation measure. The consumer price infla-
tion measure used by IT central banks includes the price of imports
and excludes the price of exports, while the GDP price measure
does the reverse. Excluding import prices automatically accommo-
dates imported inflation, such as oil price shocks, as would adopting
non-tradable inflation as the target inflation measure. However, the
desirability of adopting a target measure that includes export prices
is less clear. Frankel (2012a) argues that producer price targeting
has the beneficial effect of stabilizing export prices in local currency
terms. But for a small open economy such as Australia, the inclusion

"' Notwithstanding this, measurement error in labor earnings and productivity
estimates could be offsetting, so the error in the net measure might be smaller.
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of export prices in the target inflation measure would expose the non-
resources economy to large, and mostly exogenous, monetary policy
changes. This is potentially problematic when there are level shifts
in the terms of trade that the central bank must seek to identify in
real time.

A more radical proposal is the adoption of nominal GDP as a
level rather than growth target. Like price-level targeting, a nomi-
nal GDP target does not let “bygones be bygones”: past deviations
from target must be corrected in the future. During his time as
Governor of the Bank of Canada, Mark Carney (2012) argued that
nominal GDP targeting has particularly attractive properties at the
zero lower bound. In an economic slump nominal GDP falls, and
inflation expectations must rise for the central bank to maintain
its nominal GDP target; any rise in inflation expectations lowers
the real interest rate and stimulates demand. In essence, a nomi-
nal GDP target might endogenously generate countercyclical infla-
tion expectations. The success of nominal GDP targeting crucially
depends on the speed with which consumers’ and firms’ inflation
expectations adjust. Following the adoption of IT, inflation expecta-
tions remained substantially above target for several years. Imperfect
inflation credibility is likely to have been important, but so was slug-
gish adjustment of inflation expectations. Supporting this, a growing
literature argues that information frictions are an important source
of inertia in the monetary policy transmission mechanism (see, for
example, Mankiw and Reis 2002). If inflation expectations adjust
sluggishly, a nominal GDP target may only raise inflation expecta-
tions marginally in an economic slump, undermining one of its key
features.

With the exception of the United Kingdom, the potential rel-
evance of a dual-mandate policy is clearest in the lead-up to the
crisis, during the sustained rise in oil prices. Jeffrey Frankel (2012b)
argues that “it is widely suspected that the reason for the otherwise-
puzzling decision of the European Central Bank to raise interest
rates in July 2008, as the world was sliding into the worst recession
since the 1930s, was that oil prices were just then reaching an all-
time high.” Regardless of whether Frankel’s assessment is correct,
it is this type of conflict between output and inflation stabilization
that a dual-mandate policy is designed to avoid.
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8.2.8 Maintain Current Targets and Lengthen the Target
Horizon

As discussed above, alternative proposals are not without their own
problems. Thus, one needs to give serious consideration to retaining
CPI inflation as the target. CPI inflation is perhaps the simplest and
most relevant inflation target to consumers: it measures consumers’
average inflation experience, is a key input to wage negotiations, and
is used for indexation purposes in contracts. It is used as a target
by the vast majority of central banks for a reason. But, importantly,
CPI inflation targeting can be implemented in a variety of ways.
This can be seen most easily by noting that inflation targeting has
evolved since its first implementation and generally takes account of
activity in practice. Thus, further evolution of the framework seems
feasible. Indeed, given the significant issues identified in some of the
critiques, we argue that changes in the practice of inflation targeting
may be warranted.

Amending frameworks to lengthen the inflation target horizon
provides the most obvious evolution and is a natural middle ground
between the wholesale change envisaged by the sharpest critics of
IT and no change. Lengthening the target horizon provides central
banks with more freedom to practice “flexible inflation targeting.”
Indeed, this is the direction that IT has been tending since its incep-
tion. A long horizon, such as the Reserve Bank of Australia’s “over-
the-cycle” criterion, maintains CPI inflation as a clear, transparent,
medium-term nominal anchor, but minimizes the likelihood of con-
flict between output and inflation objectives over shorter horizons
when transitory influences are more dominant.

A lengthening of the target horizon is also a natural consequence
of changes in the inflation process we have documented. Slower pass-
through of imported inflation shocks, more anchored expectations,
and a flatter Phillips curve mean that inflation is likely to be much
slower moving in response to any shocks and policy responses than in
the past. Furthermore, with inflation credibility firmly established,
there is greater scope than in the early years of inflation target-
ing to tolerate deviations from target: consumers and firms are less
likely to interpret deviations from target as revisions to the implicit
inflation target than when inflation targeting was in its infancy.
How much central banks can leverage their credibility to tolerate
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persistent deviations in inflation from target is an unknown empirical
question. Clearly, there is a limit: expectations adjust, even if only
sluggishly. Nevertheless, the potential for inflation expectations to
become “unanchored” should not be over-emphasized: a defining fea-
ture of the past decade has been the constancy of long-term inflation
expectations through large swings in commodity prices and a deep
economic slump.

Lengthening of the target horizon provides increased flexibility
but also brings new challenges. First, the communication of the
central bank may need to become more nuanced. Some inflation
shocks, those that reflect fluctuations in domestic economic activ-
ity, may have to be addressed aggressively, while it may be better
to look through others, such as exchange rate shocks. Of course,
not all exchange rate shocks are alike, and the appropriate degree
of monetary policy accommodation depends on the source of the
shock. The challenge for central banks’ communication strategies is
to explain why certain shocks are being ignored, while others are
being addressed.

Second, central banks’ internal analysis may need to improve.
While the flattening of the Phillips curve and anchoring of infla-
tion expectations might seem like good news, it has an important
drawback. Inference about the state of the economy based upon
the behavior of inflation is now more difficult. Previously, capacity
constraints would show up in inflation relatively clearly and induce
an appropriate tightening of policy. Now, with the effect muted, it
can be hard to identify a structural tightness in the economy, which
can lead to persistence of that tightness that may have undesired
effects. A prime example would be the experience of many euro-area
countries that saw property booms in the lead-up to the financial
crisis. Contained inflation was taken as evidence that output gaps
were smaller than they actually were and allowed stimulatory pol-
icy to go on for longer than it otherwise would have. Compound-
ing these analytical challenges are the difficulties of forecasting the
highly non-linear effects of financial instability. In short, the flat-
tening of the slope of the Phillips curve and greater anchoring of
expectations means that the separation of systematic movements in
inflation from random noise is now harder—NAIRU-based forecasts
of inflation are now less reliable and new techniques will need to
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be developed And changes in the processes governing inflation
identified above mean that the Lucas critique applies with great
force. Models which fail to take this into account are likely to make
systematic errors.

3.8 Discussion of the Options

In thinking through the options, it is worth emphasizing that the
effects of inflation targeting evident in the data are twofold. First,
there has been a flattening of the Phillips curve, whereby the link-
ages between current inflation rates and output gaps have weakened.
Second, there has been an increase in the anchoring of inflation
around long-run expectations, which are invariably the same as the
stated targets. These effects, along with slowing pass-through from
imported inflation, mean that current inflation is now more affected
by shocks where the inflation and output stabilization objectives
appear to be in conflict than in the past. But that is mostly because
current CPT inflation is now a poor indicator of future inflation. And,
in such an environment, a pure CPI inflation target, particularly one
focused on shorter-term outcomes, risks destabilizing output to off-
set idiosyncratic shocks. In this light, all three options discussed
above can be seen as ways of reducing the emphasis on current or
short-term CPI inflation and increasing that on output—especially
to the extent that output is an indicator of future inflation.

The strongest critics of IT argue that wholesale change is
required: either adopt explicit dual mandates or change target infla-
tion measures. Both these proposals share the common objective of
minimizing the chance of conflict between output and inflation sta-
bilization. But, as we have argued, these arguments for change are,
in part, a consequence of the success of I'T. With inflation expecta-
tions now firmly anchored at target and the Phillips curve flatter, the
non-tradable component of inflation has been stabilized, and the rel-
ative importance of the idiosyncratic and uncontrollable component
of CPI inflation has risen.

The adoption of a dual mandate minimizes the possibility of
conflict by permitting inflation to be above target when output is

2 A corollary is that it is harder to pin down the level of the natural rate of
unemployment precisely.
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depressed, as does changing the target to an inflation measure more
closely associated with economic activity. A difficulty, however, with
proposals to down-weight the inflation target is that, even if it does
not affect the slope of the Phillips-curve relationship, it risks under-
mining the anchoring of expectations. And it is only because expec-
tations are now anchored that idiosyncratic shocks appear to be so
important.

Additionally, conflict between output and inflation stabilization
in the post-financial crisis period should not be over-emphasized.
Inflation has remained close to its target for most I'T central banks,
despite substantial economic slack and highly accommodative mone-
tary policy. The characterization of I'T central banks as caring exclu-
sively about CPI inflation is also something of a strawman argument.
The practice of inflation targeting has evolved. For example, the
Reserve Bank of New Zealand’s inflation target band was widened
from 0-2 percent to 0-3 percent in December 1996 to provide addi-
tional flexibility. More generally, underlying inflation measures are
now routinely used as a guide for policy, abstracting from sharp
idiosyncratic variation in inflation that is unrelated to domestic eco-
nomic conditions. Central banks have also become more forward
looking, setting monetary policy based on forecasts of inflation, and
output and unemployment, rather than contemporaneous estimates.
Svensson (1997) argues that making central banks’ inflation fore-
casts an explicit intermediate target simplifies the implementation
and monitoring of monetary policy. Because central banks’ infla-
tion forecasts are typically guided by a Phillips-curve relationship,
and idiosyncratic changes in inflation more than a couple of quar-
ters ahead are essentially unforecastable, inflation forecast target-
ing implicitly sets monetary policy based on a measure of inflation
that reflects domestic economic activity. (Although, as the simula-
tion above showed, if those forecasts are premised on an unchanged
Phillips curve, they may prove to be misleading.)

Our suggestion to lengthen the target horizon provides central
banks with the flexibility required to tolerate persistent idiosyncratic
shocks to inflation, in the same way as the other general proposals
do, but without some of the negative consequences for the anchor-
ing of expectations. Notwithstanding this, our recommendation to
maintain CPI inflation as the target measure should not be mis-
taken for complacency. Indeed, we cannot forget that the benign
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inflationary outcomes during the 2000s masked the buildup of imbal-
ances that contributed to the financial crisis. Rather, central banks
must be increasingly vigilant in identifying changes in the trend
pace of inflation and, at the same time, willing to tolerate com-
modity price or exchange rate shocks that push CPI inflation away
from target for a time. Clear communication will be required to
explain changes in the stance of policy. Policy tightening may be
required when the trend pace of inflation is forecast to rise even if
CPI inflation remains close to the target. Conversely, in the presence
of idiosyncratic shocks, monetary policy may often remain accom-
modative. Because the appropriate policy response to an inflation
surprise crucially depends on its cause, structural models that can
identify the source of shocks are needed. Furthermore, the break-
down in the forecasting performance of the Phillips curve suggests
that near-term forecasting will need to make use of a broad range
of economic indicators.

Thus, we conclude, a lengthened target horizon for CPI inflation
targeting provides the necessary additional flexibility to implement
“flexible inflation targeting” in a world where ultimately idiosyn-
cratic shocks are more persistent—without some of the downsides
more radical proposals suffer from [19

4. Conclusion

The practice of inflation targeting over the past twenty-five years
has fundamentally changed the character of target inflation meas-
ures. Unlike in the early years of inflation targeting, before credibil-
ity had been established, long-term inflation expectations are firmly
anchored at target, moving little in response to inflation surprises.
Variability of the domestic component of inflation has declined sub-
stantially, and much of the variation in CPI inflation is now caused
by imported shocks, such as commodity price and exchange rate
changes. Stabilization of the domestic component of inflation has
weakened the relationship between inflation and domestic economic
conditions—the Phillips curve has become flatter.

13For example, the benefit from adopting a non-tradable inflation target is
unclear when monetary policy is guided by inflation forecasts that abstract from
exchange rate shocks anyway (Ryan and Thompson 2000).
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These changes in the inflation process have resulted in a break-
down in the correspondence between output and inflation stabiliza-
tion in the short run. Changes in CPI inflation are now more likely
to reflect idiosyncratic shocks than signal deviations in output from
potential. Some critics argue that this calls for inflation-targeting
frameworks to be fundamentally reengineered, placing more weight
on output than inflation stabilization. It is argued by some that
weighting output more heavily in central banks’ objective function
would avoid the stability of inflation blinding central banks to spare
capacity, and reduce the likelihood of inappropriate monetary policy
tightening in response to imported price shocks.

We argue that while the character of target inflation measures
has changed, the fundamental relationships are much the same even
if the time frames for them to operate have lengthened. Sound mon-
etary policy still requires the stabilization of output about potential,
and the accommodation of idiosyncratic inflation shocks. Inflation
targeting need not be abandoned or fundamentally reengineered,
but its practice must reflect the changing nature of target inflation
measures. With inflation credibility now firmly established, central
banks can afford to accommodate persistent commodity price and
exchange rate swings. Similarly, policymakers need not induce large
upfront contractions in activity to avoid any unanchoring of infla-
tion expectations. But stabilization of output about potential is now
a more complicated task, as the relationship between domestic out-
put and inflation is weaker and more drawn out than in the past
and domestic inflationary pressures are likely to be hidden in noise.
Identifying deviations in output from potential is as important as
ever, but the task has become harder.

This creates a problem for central bank communications and
analysis. First, because the analysis required to differentiate domes-
tically generated demand shocks from imported shocks is tricky, the
communication challenges for the central bank are likely to be sim-
ilarly difficult. While some inflation shocks will be accommodated,
others will merit a response. Second, because the potential for shocks
to be hidden in noise is magnified now that the effect of any given
shock is smaller, there is an increased possibility that mistakes might
be made.

Notwithstanding this, the solution is not to declare victory over
inflation and switch the primary focus to output. While widespread
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vaccination has dulled the memory of how dangerous measles and
other infectious diseases can be, that does not mean they have
become any less dangerous. Both inflation targeting and vaccina-
tion programs are victims of their own success. The inflation process
has changed over the past twenty-five years, and the practice of I'T
must evolve accordingly. But the same issues that led to the choice
of inflation targeting over the alternatives in the past continue to
apply with the same force.
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Discussion of “Inflation Targeting: A Victim of

Its Own Success”*

Alexander L. Wolman
Federal Reserve Bank of Richmond

1. Introduction

Gillitzer and Simon have written a provocative paper on inflation-
targeting (IT) experiences in general and specifically in Australia.
They see the very success of inflation targeting as opening the door
to critics who can point to what IT has not done, and of course one
thing it did not do was prevent the Great Recession. Focusing on
Australia, they illustrate the success of IT in multiple dimensions,
which I will summarize as (i) a decreased sensitivity of inflation and
inflation expectations to shocks, and (ii) a “de-linking” of traded-
goods prices from inflation. They use the successes of inflation tar-
geting to refute critics urging for wholesale changes, instead arguing
for changes at the margin.

I will focus my remarks on three areas. First, I will provide a
slightly different perspective than the authors on the Australian
traded- and non-traded goods inflation decomposition. Second, I will
provide some follow-up discussion on the theme of IT as a victim
of its own success. Finally, I will ruminate on the question of why
it may make sense to put more weight on some price changes than
others in determining the optimal volatility of inflation.

2. Pre- and Post-IT Decomposition of Inflation

Table 1 in the paper compares several statistics across the pre- and
post-IT regimes in Australia. The variance of non-tradables price

*These comments do not necessarily represent the views of the Federal Reserve
System or the Federal Reserve Bank of Richmond. Author contact: Research
Department, Federal Reserve Bank of Richmond, 701 E. Byrd Street, Rich-
mond, VA 23219. Tel.: +1 804 697 8262; fax: +1 804 697 8217; e-mail: alexander.
wolman@rich.frb.org.
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Table 1. Augmented Statistics

Pre-Inflation

Post-Inflation

Targeting: Targeting:
1982:Q2-1990:Q4 | 1993:Q1-2013:Q4
Variance: Non-Tradables 0.90 0.15
Variance: Tradables 0.60 (0.88) 0.58 (0.77)
Covariance 0.31 (—0.59) —0.02 (-0.17)
Cov(ri, 1) 0.29 0.60

changes fell dramatically, while there was little change in the vari-
ance of tradables price changes, and the covariance between tradable
and non-tradable price changes vanished. The authors view tradables
prices as reflecting external influences to a large extent. Thus, the
results indicate I'T’s success. I have no quarrel with this interpreta-
tion. However, I would argue that it is really the relative price change
of tradables which we should view as reflecting external influences.

Tradables price changes (TI'tT ) are the sum of a relative price
change (7¢), which I will view as exogenous with respect to mone-
tary policy, and the price change of non-tradables (7}Y), which I will
view as endogenous with respect to monetary policy:

=18 + 7. (1)
In table 1, I augment the statistics in Gillitzer and Simon’s table 1
with corresponding statistics (in parentheses) that replace the price
change for tradables (7}') with the change in the relative tradables

price (). The calculations use the following three equations:

var (Tr;f) = var (TtT) + var (ﬂiv) + 2cov (TtT,ﬂ'iV) ,
cov (n},m\) = cov(r, w\) + var(m}),
and

cov (7rtT, ) = var (TrtT) — cov (7rtT, Fiv) ,
which are implied by (1).
Reassuringly, as with nominal tradables prices, there was also a
small (though larger) decline in the variance of relative tradables
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price changes, from 0.88 to 0.77. Although this is entirely specula-
tive, perhaps the decline in variance reflects a more stable overall
inflationary environment, so that price changes became more effec-
tive, in some sense. Also, pre-IT there was a greater degree of mon-
etary policy “offsetting” changes in relative price of tradables: the
covariance between non-tradables price changes and the change in
relative tradables prices went from —0.59 to —0.17. That is, pre-IT,
an increase in the (exogenous) relative price of tradables tended to
be accompanied by a decrease in nominal non-traded goods prices,
and this effect subsequently fell. It seems that in the credible IT
world, monetary policy no longer needs to slam on the brakes
in response to relative price shocks to prevent expectations from
becoming unanchored. Finally, post-IT, the nominal and relative
price changes of traded goods moved more closely together, which
is an implication of non-traded goods prices having been stabilized.

3. On IT as Victim of Its Own Success

I agree with the statement in the paper’s title. But I cannot resist
giving it my own twist. In many countries, IT was introduced in
the hope that it would bring about or reinforce a secular decline in
inflation. Foreseeing success (as many countries did), we could have
also foreseen the inevitable criticism: real fluctuations wouldn’t dis-
appear, and at some point would lead naturally to a discussion of
whether monetary policy should have done more to dampen them.

Alas, we can’t answer the question of what monetary policy
should do without knowing—or having a view about—what mon-
etary policy can do. So what can monetary policy do? Surprise:
we don’t know! This is perhaps the biggest question for a mone-
tary economist. Even the sub-question—how much inflation stabil-
ity can monetary policy achieve?’—is unresolved. A theme of the
paper is how much inflation variability should be tolerated. But I
think the prior question—what is the smallest feasible variability in
inflation?—deserves much more attention. I can’t answer that one
either, but by looking at the distributions of realized inflation across
countries, we can at least find upper bounds for the smallest feasi-
ble variation in inflation. From the U.S. perspective, this question
is especially relevant right now: inflation is widely perceived to be
“low” over the last three years. But is it meaningfully low given the
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kind of variation a central bank must accept as inevitable? Again, I
do not think we know.

4. Theory and Desirable Inflation Volatility

Data alone can provide some information about the minimum fea-
sible degree of inflation variability, but theory is needed to provide
sharp estimates. Since there is no consensus theory, there can be no
sharp estimates that are viewed as plausible. Nonetheless, we should
use theory to inform our thinking about why certain kinds of infla-
tion might be more tolerable than others. While Gillitzer and Simon
argue against changing central banks’ targets to something like non-
traded goods inflation, their suggestion to lengthen the target hori-
zon has a similar motivation: persistent idiosyncratic shocks to infla-
tion should not require offsetting actions by an inflation-targeting
central bank.

Why is it optimal to tolerate inflation if it is associated with
idiosyncratic shocks, say to tradables prices or commodity prices?
One simple theoretical justification, as mentioned by the authors, is
from Aoki (2001): prices are sticky in one sector and flexible in the
other sector, and in a Dixit-Stiglitz monopolistic competition model
it is optimal to stabilize the sticky prices, which means inflation will
fluctuate optimally along with the flexible prices. I like this theory,
even if I doubt the realism of the “stickiness + Dixit-Stiglitz” part.
Speaking loosely, I think some relative prices are naturally volatile—
volatility is the fundamental factor, as opposed to price stickiness or
lack thereof. It is optimal for the goods with volatile relative prices to
have fluctuating nominal prices, because nominal price changes may
be costly: for example, there may be physical costs of nominal price
changes, or nominal price changes may sow confusion about relative
prices. By pushing nominal price changes toward goods experiencing
large relative price changes, it may be possible to limit the physi-
cal costs of price changes, and to limit the degree of nominal/real
confusion[] Note that the Aoki/New Keynesian mechanism—which
I have also studied—is not about price changes being costly, but
about price level variation being costly: the model has symmetry

'T conjecture that, in general, zero overall inflation may not correspond to the
smallest quantity of overall nominal price changes.
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of demand and supply fundamentals within a sector, which implies
that price levels should be equated across goods within a sticky-price
sector.

Another reason to tolerate inflation volatility from relative price
shocks may have to do with feasibility: monetary policy does not
have the ability to offset certain relative price shocks within the
period, which may make it optimal not to attempt to offset them at
all. This is a story not so much about lags in the effects of monetary
policy as about recognition lags for the monetary policymaker—that
is, monetary policy reacts to lagged information about the economy.
For both of these reasons, it seems optimal for monetary policy not
to attempt to offset large relative price shocks. Of course, this pre-
scription requires that large relative price shocks not cause inflation
expectations to become unanchored. The authors’ results in section 2
are encouraging in this regard.

5. Conclusion

This fine paper stimulated my thinking about several questions:
What does it mean for inflation targeting to succeed? What is the
nature of the interaction between relative price changes and infla-
tion? Relatedly, what makes some degree of inflation fluctuations
unavoidable, as opposed to merely “optimal to allow?” What is the
minimum feasible volatility of inflation, and why might it be opti-
mal to tolerate more than this minimum volatility? I look forward
to both consuming and producing research on these questions in the
years to come.
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Beginning with the Reserve Bank of New Zealand Act
of 1989, central banking reforms have focused on assigning
clear goals for which monetary policy authorities can be held
accountable. Inflation-targeting regimes provide examples of
such goal-based policy frameworks. An alternative approach
relies on a rule-based framework in which the policy authorities
are judged on whether they set their instrument in a manner
consistent with a legislated rule. I consider the performance
of goal-based and rule-based frameworks. I first show analyt-
ically that both goal-based and rule-based systems balance a
trade-off between reducing sources of policy distortions and
preserving policy flexibility. Then, using an estimated DSGE
model, I find the optimal weights to place on goal-based and
rule-based performance measures. When the rule is similar to
that proposed recently in U.S. H.R. 5108, I find that the opti-
mal weight to assign to the rule-based performance measure is
zero. However, when the rule is based on the output efficiency
gap, it is generally optimal to make deviations from the rule a
part of the central bank’s performance measure.

JEL Codes: E52, E61.

1. Introduction

On December 20, 1989, the New Zealand parliament gave unanimous
approval to the Reserve Bank of New Zealand Act of 1989 (the Act
or the RBNZ Act), thereby formally inaugurating the world’s first
inflation-targeting regime. The Act was part of a larger reform of

*Prepared for the Reserve Bank of New Zealand and International Journal
of Central Banking Conference “Reflections on 25 Years of Inflation Targeting,”
Wellington, New Zealand, December 1-2, 2014. I would like to thank conference
participants and seminar participants at Norges Bank for their comments and
suggestions. Author e-mail: walshc@Qucsc.edu.
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governmental ministries, a reform designed to boost accountabil-
ity by establishing clear objectives for government agencies. The
assigned objective for the Reserve Bank was set out in clause 8 of
the Act:

The primary function of the Bank is to formulate and implement
monetary policy directed to the economic objective of achieving
and maintaining stability in the general level of prices.

By establishing a numerical target for inflation, a process for
communicating the target to the public through the Policy Target
Agreement (PTA) between the government and the central bank,
and a mechanism for accountability, the Act and the PTA contained
all the key ingredients of inflation targeting.

The Act launched a global wave of central bank reforms that have
clarified the policy responsibilities of central banks, increased their
independence to implement policies consistent with their respon-
sibilities, and provided clear measures of accountability against
which their performance could be judged. These reforms have also
promoted a greater level of transparency, transforming the way
many central banks communicate their policy decisions and sig-
nal their future policy intentions. In general, accountability in
inflation-targeting regimes is strengthened by the public nature of
the announced target and by the requirement that the central bank
produce inflation reports or otherwise explain policy actions and
their consistency with the announced target. Achieving the target
becomes a measure of the central bank’s performance.

Inflation targeting has now spread to almost thirty countries
and many aspects that were pioneered in New Zealand—a public
commitment to a target rate of inflation, high levels of transparency,
and accountability—are today considered best practice for monetary
policy. The impact of New Zealand’s reforms goes beyond those cen-
tral banks labeled as formal inflation targeters, as others—such as
the Federal Reserve, which has a dual mandate for price stability and
maximum sustainable employment—now quantify the goal of price
stability in terms of an announced, numerical goal for inflation. In

!Combining the lists of Roger (2010) with that of Rose (2013) yields twenty-
eight inflation targeters.
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fact, as many as fifty central banks now have quantitative targets
or target ranges for inflationd So the twenty-fifth anniversary of the
Reserve Bank of New Zealand Act of 1989 marks a landmark event
in the history of central banking.

Inflation targeting itself has not remained a static policy frame-
work since its birth. Further reforms in many countries, primar-
ily related to increasing monetary policy transparency, have taken
place, and experiences at the zero lower bound and with uncon-
ventional policy tools have forced some central banks to recon-
sider the way their policy decisions, and the information on which
they are based, are conveyed to the public. Even away from the
zero lower bound, developments in the theory of monetary policy
have emphasized the importance of forward guidance (e.g., Wood-
ford 2005, 2013), and some inflation-targeting central banks—here
again, the RBNZ has been in the forefront—provide information on
the projected future path for the policy interest rate. Others, most
notably the Federal Reserve and the Bank of England, have exper-
imented with language designed to convey information about the
circumstances that will trigger future increases in interest rates.

While widely adopted, inflation targeting has not won universal
acceptance. Some critics have argued that inflation targeting has
not mattered—that at least during the Great Moderation period,
inflation targeters and non-targeters alike enjoyed similar improve-
ments in macroeconomic performanceﬁ Other critics argue it has
mattered too much, blaming a focus on inflation for blinding central
banks to the dangers of a finance crisis, thereby being part of the
policy missteps that led to the global financial crisis of 2008-9.

Proposals to reform inflation targeting or to replace it continue
to be debated. Proposed reforms include giving the central bank
new goals related to financial stability or replacing inflation as the
primary goal with the price level or nominal income. These propos-
als are consistent with the general approach of inflation targeting in
assigning goals to the central bank. They are also consistent with
maintaining the central bank’s independence to pursue its objec-
tives, while the goals provide natural measures of performance that
help ensure the central bank remains accountable.

2See http://www.centralbanknews.info/p/inflation-targets.html.
3An early paper to make this argument was Ball and Sheridan (2004).
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A central bank’s performance measure—the observable variable
(or variables) by which the public and elected officials can judge
whether the central bank has acted in a manner consistent with its
charter—does not need to be based on an ultimate goal of mon-
etary policy such as inflation. A central bank could be assigned
and held accountable for achieving targets that are not themselves
among the final goals of monetary policy. For example, in the 1970s,
the U.S. Congress required the Federal Reserve to establish target
growth rates for the money supply. Money growth rates are inter-
mediate targets, neither an ultimate goal of policy nor something
directly controlled as an instrument. Another alternative would be
to judge the central bank’s performance by comparing the central
bank’s instrument to the value prescribed by a legislated instrument
rule. In fact, the U.S. House of Representatives recently held hearings
on a bill that would establish an interest rate rule, with the Federal
Reserve required to justify any deviations of the federal funds rate
from the rule[] Taylor (2012) illustrates how an instrument rule can
be used to assess ex post the Federal Reserve’s policy.

Performance measures can differ, therefore, in terms of whether
they focus on ultimate goals of macroeconomic policy while allowing
for instrument independence, as is the case with inflation targeting,
or whether they limit the instrument independence of the central
bank, as would be the case with a legislated instrument rule. Both
inflation targeting and other goal-based regimes such as price-level
targeting, speed-limit policies, and nominal income targeting frame-
works have been extensively analyzed in the literature!J However, a
similar analysis of regimes that base accountability on adherence to
an instrument rule is absent from the literature, a gap the present
paper seeks to fill.

“Hearings were held in July 2014. According to a Financial Times report on
Janet Yellen’s February 25, 2015 testimony before the U.S. House Banking Com-
mittee, “The Fed chair swatted down calls from Republicans for the institution to
be subject to mechanical rate-setting rules, saying she did not want its discretion
to be ‘chained’.” See “Janet Yellen Defends US Central Bank Independence,”
Financial Times, February 15, 2015 (available at http://www.ft.com).

SFor example, Vestin (2006) provides an early analysis of price-level targeting,
Walsh (2003b) compares price-level targeting, output-gap growth rate (speed-
limit) policies, and nominal income policies, and Billi (2013) studies nominal
income policies in the face of the zero lower bound on nominal interest rates.
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Of course, there is a huge literature that studies the role of Taylor
rules, and variants of Taylor’s original rule (usually with the addi-
tion of the lagged interest rate) have become the standard method of
specifying monetary policy to close general equilibrium models. Sim-
ple rules have played a large role in the literature on policy robust-
ness (e.g., Levin and Williams 2003, Taylor and Williams 2010).
Ilbas, Roisland, and Sveen (2012) consider model uncertainty and
show that including deviations of the policy rate from a simple rule
can improve macroeconomic outcomes, allowing the central bank to
cross-check its policy against a rule that is potentially robust across
a variety of different models[§ However, they ignore any distortions
to the central bank’s objectives over inflation and the output gap
that might arise from political pressures on monetary policy. These
distortions play a central role in my analysis, while I ignore model
uncertainty.

Tillmann (2012) is closest to the present paper in that he con-
siders outcomes under discretion when the central bank minimizes
a loss function that differs from social loss by the addition of a term
reflecting deviations of the policy rate from the rate implied by a sim-
ple Taylor-type rule. He finds that some weight should be placed on
this new term when inflation shocks are serially correlated, a result
similar to that of Clarida, Gali, and Gertler (1999), who found a role
for a Rogoff conservative central banker in a New Keynesian model
only when inflation shocks were serially correlated. Walsh (2003a)
shows that it can be optimal to place additional weight on inflation
even when shocks are serially uncorrelated in the face of political dis-
tortions that cause the central bank’s objectives to differ from those
of society. These distortions generate a rationale for performance
measures that is absent from the work of Tillmann (2012).

The rest of the paper is organized as follows. Section 2 reviews
the objectives that central bank reforms such as the RBNZ Act were
designed to achieve. Understanding the reason for reform is critical

5The monetary policy loss function incorporated into the Norges Bank’s DSGE
model (NEMO) actually adds a term of the form (i, — i})?. Previous versions of
NEMO set i; equal to the value given by a simple instrument rule. Currently i
is equal to the “normal” nominal interest rate, defined as the rate consistent with
inflation equal to target and a zero output gap. This term is intended to add an
implicity weight on financial imbalances in policy determination. See Evjen and
Kloster (2012) and Lund and Robstad (2012).
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for evaluating the appropriate nature of any reform. An important
distinction that arises is whether central bank reform is designed
to constrain the central bank or to constrain the government. I
then consider two forms of reform. The first (and standard) type
emphasizes the assignment of goals to the central bank. The second
approach proposes instrument rules that the central bank should
follow. These two alternatives are illustrated using a simple model
that allows analytic results to be derived. To evaluate the alterna-
tives in a more realistic setting, a model incorporating sticky wages
and sticky prices is employed in section 4. Parameter values and
the relative volatility of alternative shocks, which the simple model
showed are important for the evaluation, are obtained by estimating
the model using Bayesian techniques.

The analytical results suggest that both goal-based and rule-
based systems must balance the same trade-off between reducing the
impact of distortionary shocks to the central bank’s policy objectives
(arising, for example, from short-run political pressures) and allow-
ing flexibility to pursue welfare-improving stabilization policies. The
findings from the estimated DSGE model highlight the importance
of the output measure used in the legislated rule. If the gap between
output and its efficient level appears in the rule, judging perfor-
mance by a comparison of inflation to its assigned target and the
policy instrument to the recommendations of the rule both play a
role in the optimal policy framework. When the rule takes the form
proposed in the recent Congressional hearings, it is never optimal to
use the rule to assess the central bank’s performance. Conclusions
are summarized in section 5.

2. Central Bank Reforms: Goals, Rules, Independence,
and Accountability

Central bank reforms over the past twenty-five years have been
aimed at removing, or at least reducing, the causes of poor mon-
etary policy outcomes. Understanding the nature of the distortions
that have produced poor policy is important for assessing the relative
advantages or disadvantages of different types of reforms.

Three types of distortions have loomed large in monetary pol-
icy discussions. First, short-term political pressures, often related
to a country’s election cycle, can distort monetary policy decisions,
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resulting in an emphasis on near-term economic activity at the cost
of longer-term objectives. Given that monetary policy operates with
long lags, a central bank buffeted by short-term political pressures
might have difficulty in achieving longer-term objectives, including
low and stable inflation. And, if monetary policy has its primary
effects on inflation through its influence on real economic activ-
ity, expansionary policies would first produce an economic boom,
with inflation coming only later. This potentially creates an incen-
tive for politicians to pressure central banks for expansionary poli-
cies timed to election cycles; a boom leading up to an election
would benefit incumbents, while the inflationary costs would only be
incurred later[] In this case, achieving medium-term inflation objec-
tives would be incompatible with central banking regimes subject to
political pressures.

Second, real economic distortions can cause inefficiencies that
create a systematic bias towards policies aimed at expanding eco-
nomic activity. For example, in standard New Keynesian models,
monopolistic competition in goods and/or labor markets means the
economy’s level of economic activity in a zero-inflation environment
is too low relative to its efficient level. Real frictions in financial
markets or in labor markets characterized by search-and-matching
frictions may also generate wedges between the economy’s efficient
allocation and the allocation arising with flexible prices and wages.
While monetary policy can attempt to close these wedges in the
short run by deviating from a policy of price stability, it cannot
systematically and sustainably close them. Attempts to do so will
ultimately fail, leaving the economy with excessively volatile infla-
tion. Distortions arising from real economic inefficiencies and those
due to political pressures on central banks may be closely related;
the presence of real distortions may explain why politicians seek to
influence monetary policy.

And third, even in the absence of political pressures or attempts
to use monetary policy to achieve unachievable objectives, policy-
makers may lack the ability to commit credibly to future policies,
leading to inefficient intertemporal policy responses to distortionary

TAn extensive coverage of political business-cycle models can be found in
Drazen (2000).
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shocks. That is, even if the first two distortions are prevented from
affecting monetary policy, the inability to commit to future actions
will result in inefficient stabilization policies. The distortions result-
ing from discretionary policy played a large role in the academic
literature seeking to explain why political pressures or the pursuit
of unachievable objectives would lead to undesirably high inflation
In the Barro-Gordon framework, popular at the time of the RBNZ
Act in academic work on the inflation bias of discretion, remov-
ing short-term political pressures and assigning achievable goals to
the central bank also succeeded in eliminating the distortion due to
discretion. However, in New Keynesian models, with their empha-
sis on forward-looking expectations, discretion continues to produce
inefficient outcomes even in the absence of political pressures or
unsustainable goals.

Given these three potential sources of policy distortions, what
types of central banking reforms might lead to improved monetary
policy outcomes? I focus on two alternatives, both of which can be
viewed as establishing a performance measure for the central bank.
Performance measures provide metrics based on observable variables
for evaluating the central bank’s policy choices[ The definition of
the performance measure is an important aspect of central bank
reform: it affects the central bank’s policy actions and is the basis
for ensuring accountability in the conduct of policy.

The first type of reform, reforms such as inflation targeting,
emphasizes policy goals. An ultimate goal of policy serves as the
measure of the central bank’s performance. The second type empha-
sizes rules, with adherence to the rule the basis for assessing the
central bank’s performance. Using an instrument rule such as the
Taylor rule to evaluate the central bank is an example of a rule-
based performance measure. In either case, the power of the perfor-
mance measure indicates how important the measure is in the overall

8See chapter 7 of Walsh (2010) for a survey of the literature on the infla-
tion bias resulting from discretionary policies in models based on the time-
inconsistency of optimal policy analysis of Kydland and Prescott (1977) as applied
to monetary policy in the framework of Barro and Gordon (1983). See also
Cukierman (1992).

9For the theory of performance measures, see Baker (1992), Baker, Gibbons,
and Murphy (1994), and Frankel (2014).
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assessment of policy. For example, a strict inflation-targeting regime
in which the central bank is instructed to care only about achieving
the target is an example of a high-powered regime.

The model of reform provided by the Reserve Bank of New
Zealand Act and the Policy Targets Agreement focused on an ulti-
mate goal that could be achieved by monetary policy. It did so by
creating a contract between the elected government and the cen-
tral bank designed to affect the policy choices of the Reserve Bank
by altering the incentives of both the government and the central
bank [ Incentives were affected by publicly establishing a clear pol-
icy goal, assigning responsibility for achieving it to the Reserve Bank,
and establishing a system of accountability based on the goal. The
elected government could alter the Bank’s goal by changing the Pol-
icy Targets Agreement, but this had to be done in a public manner,
and the government could not interfere in the implementation of
monetary policy. The Act, together with the Policy Targets Agree-
ment, created a performance measure for the Reserve Bank; it was
to be evaluated on the basis of the consistency between its policy
actions and the achievement of its inflation target.

A contract of this form could solve two and possibly all three of
the distortions that had led to poor monetary policy. First, the pub-
lic nature of the goal would help insulate the central bank from polit-
ical pressures to pursue other objectives. By granting the Reserve
Bank a high level of instrument independence to implement policy,
the Act further limited the scope for short-term political factors to
influence policy decisions. In other words, the Act served to constrain
elected officials. In fact, in discussing the origins of inflation target-
ing in New Zealand, Sherwin (1999, p. 1) credits the desire of Roger
Douglas to make “monetary policy less susceptible to manipulation
for short-term political ends.” The view ascribed to Douglas was
consistent with empirical evidence pointing to a negative relation-
ship among developed economies between average rates of inflation

OWalsh (1995a, 1995b).

1 «The process of delegation through which the government assigns immediate
responsibility for the conduct of monetary policy to a central bank is a means of
restricting the strategy space available to the government.” (Walsh 1995a p. 240,
emphasis in original)
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and measures of central bank independence Thus, a key charac-
teristic of the reform was to increase central bank independence to
constrain elected governments from influencing the implementation
of monetary policy

While greater independence may shield monetary policy from
political influences, it cannot ensure that policy is only directed
towards achieving obtainable goals. An independent monetary
authority that wishes to promote social welfare may still face a temp-
tation to pursue unsustainable objectives if, for example, real distor-
tions imply that steady-state output is inefficiently IOW So the Act
assigned a specific goal to the Reserve Bank—oprice stability—that
monetary policy could achieve. Sherwin (1999) quotes the report of
the parliamentary Finance and Expenditure Committee as stating,
“The Committee . . . is firmly of the view that the primary func-
tion of monetary policy should be that set out in clause 8(i) [quoted
above|. Members acknowledge that monetary policy should not be
made to wear the cost of inappropriate fiscal and micro-economic
policies. Monetary policy at the end of the day can only hope to
achieve one objective, that is, price stability.” Thus, the reforms
instituted by the RBNZ Act focused on an achievable goal of mon-
etary policy while allowing the central bank the independence to
achieve this goal. The Act did not seek to constrain the Reserve
Bank in its decisions about the appropriate policy stance required
to achieve price stability. It instead removed from the Reserve Bank
the authority to set its own goals. In the terminology of Debelle and

2Important papers on this relationship include Bade and Parkin (1984),
Cukierman, Web, and Neyapti (1992), and Alesina and Summers (1993). See
also Cukierman (1992). Criticism of the view that central bank independence is
a solution to high inflation is provided by Posen (1993). The negative relation-
ship between indexes of central bank independence and inflation held only for
developed economies.

!3Carlstrom and Fuerst (2009) find that increases in central bank indepen-
dence can account for two-thirds of the better inflation performance among
industrialized economies over the past twenty years.

“The academic literature based on the model of Barro and Gordon (1983)
generally did not distinguish between politically generated pressures for economic
expansions and socially efficient but unsustainable attempts by the central bank
to generate expansions. Both were captured by assuming that, even with flexible
prices and wages, the economy’s output would be below the desired level.
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Fischer (1994), the Act established a central bank that lacked goal
independence but enjoyed instrument independence.

This type of reform—clear specification of goals together with
greater central bank independence—became common during the
1990s [19 Making the goals public helps to promote accountability,
particularly if the central bank is assigned a single policy goal such
as price stability or a target for inflation. Independence also has
the potential to make the central bank less accountable, so Debelle
and Fischer (1994) argued that independence needed to be limited
and that independence to set instruments but not to define goals
offered the best blueprint for central bank reform.

Neither the assignment of goals nor instrument independence
addresses directly the distortions that arise when policymakers are
unable to commit to future actions. In the special case of the model
of Barro and Gordon (1983), however, all three distortions could
be addressed by giving the central bank instrument independence
and holding it accountable based on the realized rate of inflation
(Walsh 1995b) or, equivalently, by assigning it the right inflation tar-
get (Svensson 1997). When private-sector expectations are forward
looking, inflation targeting alone does not solve the distortion that
arises from discretionary policy. However, as policymakers and acad-
emics increasingly understood the important role that expectations
of future inflation play in controlling current inflation, and the role
the expected future path of the policy interest rate plays in affect-
ing the real economy, central banks placed greater emphasis on being
transparent, systematic, and predictable in their actions. Doing so
helped them gain greater influence over the private sector’s expec-
tations. Thus increases in transparency have been common (Crowe
and Meade 2007, Blinder et al. 2008, Cukierman 2008, Geraats 2009,
and Dincer and Eichengreen 2014). By being better able to influence
future expectations, central banks are also partially able to overcome
this third distortion.

To summarize, goal-based regimes are typically associated
with instrument independence. Making goals public constrains the

5The movement of many central banks towards greater independence and
transparency is discussed by Crowe and Meade (2007) and Blinder et al. (2008).
See Dincer and Eichengreen (2014) for an updated measure of transparency that
illustrates this trend.



306 International Journal of Central Banking September 2015

government, but if the central bank is judged only on the basis of the
goal, as would be the case with strict inflation targeting, it can also
restrict the flexibility of the central bank. In the case of New Zealand,
it is clear that the RBNZ is to be a flexible inflation targeter. This
flexibility is reflected in the addition in 1999 of clause 4(c) to the
PTA; this clause states that “in pursuing its price stability objec-
tive, the Bank shall implement monetary policy in a sustainable,
consistent and transparent manner and shall seek to avoid unnec-
essary instability in output, interest rates and the exchange rate.”
A further characteristic of goal-based regimes is that they are likely
to be robust, as changes in the economy’s structure may affect the
monetary transmission process and alter the manner in which policy
instruments are adjusted as functions of the state of the economy,
but such changes do not alter the ultimate goals of policy.

Central bank reforms emphasizing goals, instrument indepen-
dence, transparency, and accountability are not the only shape
reforms could have taken. An alternative could focus on assigning
objectives that, unlike price stability, are not among the ultimate
objectives of macroeconomic policy. For example, during the 1970s
and 1980s, the role of intermediate targets in monetary policy imple-
mentation was widely discussed, and proposals for establishing tar-
get growth rates for various monetary aggregates were common. In
1975, a U.S. House of Representatives concurrent resolution called on
the Federal Reserve to publicly announce monetary growth targets.
The Full Employment Act of 1978 mandated publicly announced,
annual growth targets for the money supply, and the Federal Reserve
was required to report to Congress on its success in achieving the
targets2 The Federal Reserve was assigned an objective—monetary
growth targets—and in principle was held accountable for achieving
these objectives, but the resulting targets were not among the ulti-
mate goals of macroeconomic policy. However, the Federal Reserve
was allowed to define its growth rate targets, weakening the target’s
role in constraining the Federal Reserve and in promoting account-
ability. Any constraining effect of announced monetary growth tar-
gets was further weakened by the Federal Reserve’s practice of rebas-
ing the level of the target path for monetary aggregates annually,

6See Walsh (1987).
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ensuring that past target growth rate misses were compounded into
the level of the monetary aggregates

Intermediate targets generally served as poor performance meas-
ures for monetary policy, as the correlation between the targets and
the ultimate objectives of monetary policy was often weak. In the
United States, rapid monetary growth combined with falling infla-
tion in the early 1980s made the aggregate targets poor guides for
policy, and the practice of base drift, while allowing the Federal
Reserve greater flexibility in setting policy, weakened the useful-
ness of monetary growth rate targets as a means of ensuring policy
accountability@’

Another alternative to making inflation the central bank’s per-
formance measure is to assess policy by comparing the central bank’s
setting of its instrument to a benchmark rule for the policy instru-
ment. Such a rule-based system, in the extreme, eliminates any
instrument independence and removes discretion from the policy
process, directly solving any problems that arise from allowing pol-
icymakers discretion in implementing policy. In fact, Barro and
Gordon (1983) and Canzoneri (1985) long ago argued that, absent
private central bank information about the state of the economy, the
central bank should have no discretion but instead be required to
follow a rule that delineates the actions it should take as a function
of the state of the economy

Some rules, such as the gold standard or an exchange rate peg,
remove discretion completely from the hands of the central bank. But
just as an inflation-targeting regime does not need to be a regime
of strict inflation targeting, a rule-based system does not need to be
a strict (high-powered) regime in the sense that the central bank is
allowed absolutely no discretion. A flexible rule-based regime, much

"For an analysis of base drift and the conditions under which it can be appro-
priate, see Walsh (1986). Inflation targeting leads to a similar situation in that
the price level is allowed to be non-stationary. For some evidence that this is the
practice in Australia, New Zealand, Sweden, and the United Kingdom but not
Canada, see Ruge-Murcia (2014).

8In a similar manner, inflation targeting weakens accountability if price sta-
bility is the actual goal, as it is in many central bank charters.

19Walsh (1995b) showed that aligning the central bank’s incentives with observ-
ables such as inflation overcame the private information problem highlighted by
Canzoneri (1985). Athey, Atkeson, and Kehoe (2005) revisit the rules versus
discretion debate in the presence of private information.
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like flexible inflation targeting, would establish a rule but allow the
central bank to deviate from the rule. Deviations would then need to
be explained, or justified, by policymakers, just as a failure to meet
an inflation target requires policymakers to explain why the target
was missed. With the rule based on observable variables, such a sys-
tem ensures accountability The power of the rule as a performance
measure would depend on the weight given to such deviations in eval-
uating and holding accountable the central bank. The advantage of
a rule-based system is that it increases the predictability of policy,
is transparent, and simplifies the process of ensuring accountability.

Thus, if discretionary decisions by the central bank, and not
political pressure from elected officials, are the source of poor mon-
etary policy, reform must differ from the model provided by the
RBNZ Act; it must constrain the central bank. As Tirole (1994)
notes, rules are imposed when agents cannot be trusted with discre-
tion. Legislating rules for the central bank to follow achieves this
end by eliminating both goal and instrument independence. In a
series of recent papers, John Taylor has argued that a commitment
to a rule for monetary policy produces better outcomes than occur
in regimes that emphasize central bank independence (Taylor 2011,
2012, 2013). He suggests that overall macroeconomic performance
was superior during periods in which the Federal Reserve acted
in a systematic, predictable manner, and that forcing the Federal
Reserve to adhere more closely to a rule would improve economic
outcomes. After reviewing rules versus central bank independence,
he concludes that “the policy implication is that we need to focus
on ways to ‘legislate’ a more rule-based policy” (Taylor 2011, p. 16).

Rule-based performance measures suffer from at least three
potential problems. First, determining the right rule would be diffi-
cult. Even in quite simple theoretical models, the optimal instrument
rule can be extremely complex (for example, see Woodford 2010). A
complex rule, even if known, might be hard to explain to the public,
thereby reducing the ability of a rule-based performance measure to
ensure policy transparency and accountability. Second, any optimal
rule is optimal only with reference to a specific model, so changes
in the economy’s structure or our understanding of it will produce

20Taylor (2012) provides an example of how the Taylor rule can be used to
assess Federal Reserve performance.
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changes in the optimal rule. Third, it may not always be possible
to characterize policy in terms of a single instrument rule. A rule
for a short-term policy interest rate would no longer be meaning-
ful if interest rates were at the zero lower bound, nor would it give
guidance for balance sheet policies. Thus, instrument rules are likel
to be less robust to structural changes than goal-based systems
However, early work such as Levin, Wieland, and Williams (1999)
and Rudebusch (2002) suggested that simple rules may be robust to
model uncertainty. These considerations argue for adopting a simple
but robust rule such as the Taylor rule but one that also includes
escape clauses*2 Choosing which rule to adopt, and how account-
ability is to be maintained when the rule might not apply, must
involve balancing the gains from limiting discretion against the costs
of potentially forcing monetary policy to implement a bad rule.
Given the unprecedented actions by the Federal Reserve and
other central banks during the financial crisis, it is not surprising
that proposals have emerged for rule-based reforms designed to limit
the Federal Reserve’s discretion. In July 2014, hearings were held in
the United States on H.R. 5018 which would impose several rule-
based requirements on the Federal Reserve. First, the Federal Open
Market Committee (FOMC) would be required to identify a direc-
tive policy rule (DPR). The DPR would identify the policy instru-
ment and “describe the strategy or rule of the Federal Open Market
Committee for the systematic quantitative adjustment of the Policy
Instrument Target to respond to a change in the Intermediate Pol-
icy Inputs” (section 2C(c)(2)). Intermediate Policy Inputs, defined
in section 2C(a)(4), include “any variable determined by the Federal
Open Market Committee as a necessary input to guide open-market
operations” but must include current inflation (together with its
definition and method of calculation) and at least one of (i) an esti-
mate of real, nominal, or potential GDP, (ii) an estimate of a mon-
etary aggregate, or (iii) an interactive variable involving the other

21But alterations in the economy’s structure can also affect policy goals. For
example, a change in price indexation would change the definition of inflation
volatility that generates inefficiencies and that should appear in the measure of
social welfare.

*28ce also Taylor and Williams (2010). Svensson (2003) provides a general
critique of relying on Taylor rules, while Benhabib, Schmitt-Grohé, and Uribe
(2001) argue that Taylor rules do not rule out zero lower bound equilibria.
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listed variables. In addition, the directive policy rule must “include
a function that comprehensively models the interactive relationship
between the Intermediate Policy Inputs” (section 2C(c)(3)) and “the
coefficients of the Directive Policy Rule” (section 2C(c)(4)).

Perhaps more significantly in terms of constraining the Federal
Reserve’s flexibility, the proposed legislation also defines a reference
policy rule (RPR), and section 2C(c)(6) requires that the FOMC
must report “whether the Directive Policy Rule substantially con-
forms to the Reference Policy Rule.” If it doesn’t, the FOMC will
need to provide a “detailed justification” for any deviation of the
directive policy rule and the reference policy rule.

The proposed bill is quite specific about the reference policy rule.
Section 2C(a)(9) defines the reference policy rule as the federal funds
rate given by

GDP,

GDPpotential

iftPF =m_1+05In (
t

) +0.5(m—1—2)+2, (1)

where

1 = 100 (pt—l —pt—s)
Pt—5

is the inflation rate over the previous four quarters. This rule can be
rewritten as

DP,
ifPR:4+1.5(7rt1—2)+0.51n< GDF )

potential
GDP!

Written in this form, it is clear that it is the Taylor rule (Taylor
1993). If average inflation is equal to 2 percent and the gap between
GDP and potential is zero, then the policy rate will equal 4 per-
cent. Thus, the rule assumes an inflation target of 2 percent and an
average real interest rate of 2 percent.

Federal Reserve Chairwoman Janet Yellen said, in testimony
before the House Financial Services Committee (July 16, 2014), that
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“it would be a grave mistake for the Fed to commit to conduct mon-
etary policy according to a mathematical rule.” In contrast, John
Taylor in a Wall Street Journal opinion piece (July 9, 2014) argued
in favor of the bill. Section 2C(e)(1) does allow that the Act is not
meant to require the FOMC to implement the strategy set out in
the legislation if the “Committee determines that such plans cannot
or should not be achieved due to changing market conditions.” If
such a situation occurs, the FOMC would have forty-eight hours to
provide the U.S. comptroller general and Congress with an explana-
tion and an updated directive policy rule. In turn, the comptroller
general would then have forty-eight hours to conduct an audit and
issue a report to determine whether the FOMC’s updated directive
policy rule is in compliance with the bill.

The type of rule-based accountability in the proposal contrasts
sharply with goal-based accountability and central bank indepen-
dence that has characterized most central bank reforms since the
1989 Reserve Bank of New Zealand Act. Under rule-based account-
ability, the central bank is required to specify clearly its instrument
and the rule it uses to determine the setting of that instrument.
Deviations from the rule are allowed, but the central bank is required
to explain the rationale for any such deviations. Under goal-based
accountability, the objectives of the central bank are made clear—
if these are set by the government, the central bank lacks goal
independence—but in the pursuit of these goals, the central bank
enjoys instrument independence. In this case, the central bank is
required to explain how its actions are consistent with achieving the
goals.

Table 1 summarizes the general characteristics of goal-based and
rule-based reforms. I exclude examples of reforms based on interme-
diate targets such as money growth rates, as they are inefficient sys-
tems both for achieving ultimate goals and for restricting the central
bank’s instrument setting. Goal-based and rule-based reforms have
different implications for a central bank and for macroeconomic out-
comes. They differ in terms of the type of independence the central
bank enjoys, and they differ in terms of who they are designed to
constrain. Both can allow for flexibility and both provide the public
with the ability to assess policy and, in principle, hold the central
bank accountable.
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Table 1. Types of Central Bank Reforms

Goals Based Rules Based
Examples Inflation Targeting Exchange Rate Pegs
Price-Level Targeting Gold Standard
Instrument Rules
(H.R. 5018)
CB Independence
Goal Varied Low
Instrument High Low
Constrains Central Bank Central Bank
Government
Flexibility Varied Varied
Transparency Varied High
Accountability High High
Robustness High Low

3. The Performance of Goal-Based and Rule-Based
Regimes

In this section, a simple model is used to highlight the tensions that
arise between accountability and flexibility under different perfor-
mance measures and to explore how these tensions are addressed
by goal-based and rule-based accountability. While the model used
is quite simple, it helps to illustrate the effects of different policy
regimes, leaving to the following section the use of an estimated
model to evaluate goal-based and rule-based systems.

Let m* be the socially optimal steady-state inflation rate, taken
as exogenous and constant for simplicity, and define 7; = m — 7*
as actual inflation relative to the optimal rate. Assume social loss is
given by

1 o
Ly = §E0 ZBZ (7F s+ Aaty) (2)

where x; = 2y — 2* is the (log) gap between output and the socially
efficient output level. Policy is delegated to a central bank with
instrument independence but subject to possible political pressures
that affect the goals the central bank pursues. Specifically, assume
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that absent any assignment of a performance measure, the central
bank acts to minimize

1 T
L5 =SB B (Fei = o) + A @i — )’ (3)

where ¢ and u are mean-zero stochastic shocks that represent devi-
ations of the central bank’s objectives from their socially optimal
values. These can be thought of as representing unmodeled political
pressures affecting the policy choices of the central bank or sim-
ply as distortions introduced by the preferences of the central bank
policy authorities. In keeping with the now common practice in the
analysis of monetary policy, I assume a fiscal tax/subsidy policy is in
place that eliminates any steady-state inefficiencies. Thus, I ignore
distortions arising from attempts to systematically affect the level
of steady-state output.

The economy is characterized very simply by a New Keynesian
Phillips curve given by

Ty = BE4iy1 + KXy + ey, (4)

and an expectational Euler equation given by

1y . .
T = Eiriq41 — <0_> ('Lt — B4ty 1 — ¢t) ) (5)

where ¢; and e; are taken to be exogenous stochastic processes.
Equation (4) is consistent with the standard Calvo model if firms
that do not optimally choose their price instead index their price
to m*. Under optimal discretionary policy with i.i.d. shocks, the
appendix shows that the unconditional expected social loss is

RV
Lt_2<1—ﬁ>
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(6)
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In the absence of political distortions represented by u and ¢ (and
maintaining the assumption of i.i.d. shocks), social loss would be

1/ 1 A ,
— < S'
2 (1—5) <A+m2>ae < L

I next investigate whether holding the central bank accountable for
achieving a goal such as the inflation rate or for adhering to a rule
for setting the instrument can help lower social loss.

3.1  Delegation

Government in a pre-game stage defines a performance measure for
the central bank. A goal-based regime specifies the central bank’s
objectives in terms of m and/or z, the two ultimate objectives on
which social welfare depends. A rule-based regime specifies that
assessment of the central bank’s performance is based on a com-
parison of the policy instrument and the value implied by a sim-
ple instrument rule. I represent each type of regime by assuming
the central bank continues to have preferences over actual outcomes
given by (3) but is also concerned with minimizing deviations of out-
comes from the bank’s assigned performance measures. The weights
attached to these additional performance measures represent the
power of the respective measure. Nesting both regimes, the central
bank is assumed to set policy under discretion to minimize

c 1 e i N 2 * 2
Ltb = §Etb E I} [(TFt+i —@iti) A ($t+i - xt-{-i)
R ) 2
iR 6 (s — i) (7)

where 7 is the implicit weight placed on achieving the inflation tar-
get (equivalently, the degree of central bank conservatism in the
terminology of Rogoff 1985) and § is the weight placed on setting
the interest rate equal to ¢", the rate implied by the rule2d We can
rewrite L as

23For simplicity, I only consider goal-based regimes defined in terms of inflation
and not the output gap.
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where terms independent of policy have been dropped

Since private agents are forward looking in making decisions,
optimal policy under discretion will result in lower social welfare
than would the fully optimal commitment policy. The distortionary
shocks ¢;1; and usq; also reduce welfare. The question for central
bank design is whether a goal-based system with 7 > 0 or a rule-
based system with § > 0 can, in an environment of discretionary
decision making, improve welfare. In other words, in a pre-game
stage, would the government choose non-zero values of 7 and/or § if
it wished to minimize (2)?

I first consider the case of a goal-based regime in which § = 0
but 7 is chosen optimally. Then the case of a rule-based regime with
7 =0 and 0 chosen optimally is analyzed. Finally, the case in which
both 7 and ¢ are jointly chosen is considered.

3.2 The Assignment of Goals

When the government assigns objectives to the central bank based
on realized inflation, we have the case studied in Walsh (2003a). The
analysis in that paper only considered distortionary shocks affect-
ing the output objective of policy (i.e., u # 0 but ¢ = 0) and
also assumed the central bank had imperfect information about cost
shocks, an extension I ignore here.

With § = 0, the central bank’s problem under discretion can be
written as

1 1
Amin' - (1 + 7') ﬁ'tQ — gOtﬁ't + 5)\1’? - Autl‘t
Tt,Tt,lt

subject to (4) and (5). The nominal interest rate ¢ is the instru-
ment of monetary policy. Shocks are assumed to be iidPd 1t is

%For evidence that the Federal Reserve has implicitly placed some weight on
the Taylor rule, see Kahn (2012) and Ilbas, Roisland, and Sveen (2013).

25The case of serially correlated shocks is dealt with in the numerical analysis
of section 4 based on an estimated model.
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straightforward to show that equilibrium inflation and the output
gap are given by@

. [RAu+ 2o + ey
= A+ k2 (1+7)
. Mg+ ko — Kk (14 7) e
L A+ r2Z(1+7) '

The central-bank-design problem is to pick 7 to minimize the
unconditional expectation of social loss. The appendix shows that
the optimal value of 7 is given by

. X+ K2 )\203+/€202
e (2 )( ) 0 5)

e

If p; = 0, (8) reduces to the case considered in Walsh (2003a). In
this case, 7% = (A + k?) (62 /0?) increases linearly in A and in the
volatility of the distortionary shock to policymakers’ goals (02) rel-
ative to the volatility of cost shocks (¢2). In the absence of both
distortionary shocks u and ¢, 7* = 0, consistent with the findings of
Clarida, Gali, and Gertler (1999), who showed there is no gain from
appointing a Rogoff conservative central banker when the cost shock
is serially uncorrelated. When distortionary shocks are present, 7*
is positive even when shocks are serially uncorrelated. The greater
the variability of the political distortions represented by w and ¢,
the larger is the optimal 7 and the more the central bank needs
to be made accountable based on 7;. Equivalently expressed, the
more variable the wedge between social objectives and goals pur-
sued by the central bank, the more high powered (or the stricter)
the inflation-targeting regime needs to be.

A rise in the volatility of cost shocks increases the potential value
of stabilization policy and so 7* falls, as a more flexible inflation-
targeting regime is desirable. With more potential gain from flexibil-
ity, the optimal regime assigns less weight to achieving the inflation
target. Importantly, 7* is independent of aggregate demand shocks
operating through the expectational IS relationship, as the central

263ee the appendix for details.
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bank always has an incentive to neutralize the impact of such shocks
on inflation and the output gap.

3.8 The Assignment of Rules

Now suppose a legislated instrument rule is used to access the central
bank’s performance. In contrast to objectives based on an ultimate
goal such as inflation, the central bank’s objectives are distorted
based on how it sets its actual policy instrument. In terms of (7),
7 =0 but § may be non-zero. The central bank’s problem takes the
form

1 1 1
min | =77 — @ity + =Ax2 — Mgy 4+ =6 (ip — i})°
w0 | 2 2 2
subject to (4) and (5). Because the central bank is judged in part on
how it sets its instrument, the expectational IS equation becomes rel-

evant for its policy choice. Assume that the reference rule is defined
by

Z: = wﬂ'ﬁ—t + wzxt-

The appendix shows that the first-order conditions for the central
bank’s problem imply

= [ (e — e) + A (2 — ur)],

where
a =0+, + K.

In the absence of the rule-based performance measure, the central
bank would set the term in brackets equal to zero. The greater the
value of 6—that is, the more costly it becomes for the central bank
to deviate from the reference policy rule—the smaller the role this
unconstrained optimality condition plays in the setting of i; and the
closer i; comes to equaling the benchmark rule value.

For the case of serially uncorrelated shocks, equilibrium inflation
and the output gap are equal to
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Minimizing £ with respect to ¢ implies the optimal weight on the
rule-based objective is (see the appendix)

A+ k2) (\202 + K202
o = u £ 9)
(A +R2)° 0} + Ao? ’

where
A=1[(0+ 1)k — M) (10)

To help interpret the expression for §*, assume initially that there
are no aggregate demand shocks (¢ = 0). In this special case,

5 — A+ K2 Ao2 + /{20’3 .
A O_g * ( )

Comparing (11) to (8) shows that both depend on (A + %) (A02 +
/1203,) /o2; as the variability of distortionary shocks u and ¢ increases
relative to the variability of cost shocks e, the optimal 7* and the
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optimal 0* both increase. They do so for the same reason: allow-
ing the central bank less flexibility becomes desirable when distor-
tionary shifts in goals are more variable. The optimal 7* and §* are
both decreasing in the volatility of inflation shocks; as the scope
for welfare-improving stabilization policy increases, the cost of dis-
torting the central bank’s objectives either by requiring it to place
more weight on inflation variability or on matching the benchmark
instrument rule becomes more costly.

The expression for §* given in (11) was derived for arbitrary pol-
icy response coefficients 1, and 1. Suppose instead that these were
optimally chosen. For example, continuing with the special case of
no demand shocks and serially uncorrelated cost and distortionary
shocks, the optimal interest rate rule can be expressed in terms of
a reaction to either the output gap or to inflation, that is, only one
response coefficient is needed. Let v, = 0; the optimal response to
inflation is then equal to 1} = ok/A. One can show that

lim §* — oo.
hr—1r
When the benchmark rule is equal to the optimal rule and there are
no aggregate demand shocks, the central bank should not be allowed
any flexibility.

Equation (11) applied when there were no shocks to the Euler
equation, corresponding to the case of a constant equilibrium real
interest rate. In the presence of shocks to the equilibrium real inter-
est rate (i.e., ¢ # 0), the optimal penalty on deviations from the
rule can be written as

X+ K2 A2o2 + K202 22
5* — u Y — -~ 7_*
A o? A ’

2 ¥
A=A+ (AN +r?) <‘§> > A.

where

0-6
Thus, demand shocks (035 > 0) call for putting less weight on devi-
ations from the rule. This result is very intuitive—the specified rule
does not allow for interest rate movements directly in response to



320 International Journal of Central Banking September 2015

demand shocks; an optimal policy would. Therefore, as demand
shocks become a larger source of volatility, the optimal ¢ falls. If
¥, = 0 and ¥, = 9% so that the assigned rule is consistent with the
optimal response to inflation shocks, A = 0 and

2 2 2 2
5 < 1 ><A0u+2/£0¢>>0
= 5 .
A+ K e

In this case, the optimal value of § is non-negative, independent of
inflation shocks, but decreasing in the variance of demand shocks.

3.4 Jointly Optimal Goal- and Rule-Based Regimes

The special cases just considered showed how setting 7 and § both
involve a similar trade-off between the benefits of reducing flexibil-
ity to limit distortions and the costs of reducing the ability of the
central bank to pursue socially desirable stabilization policies. The
dependence of the power of goal-based and rule-based measures on
the relative volatility of underlying shocks is reminiscent of the clas-
sic Poole results on instrument choice (Poole 1970). Poole showed
that an interest rate instrument performed better than a mone-
tary aggregate instrument in the face of financial market shocks,
while the reverse was true in the face of aggregate demand distur-
bances. In a similar manner, equations (8) and (9) suggest that a
goal-based performance measure may be best if shocks to aggregate
demand dominate, while a rule-based measure may have advantages
if shocks to inflation dominate. In general, Poole’s analysis implies
that optimal simple rules will depend on the relative variances of
the model’s underlying shocks 21 Similarly, one might expect that
the weight to give to a goal-based performance measure relative to
a rule-based measure may depend on the relative volatility of the
model’s shocks. The fact that, as shown by (8) and (9), the opti-
mal 7 is independent of demand-shock volatility but decreasing in
cost-shock volatility while ¢ is decreasing in the volatility of demand
shocks suggests there might be potential gains from using both forms
of performance measures.

27See Walsh (2010, pp. 513-21).
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To assess the joint determination of the optimal values of 7 and
0, I set k = 0.172, consistent with a Calvo model of price adjust-
ment with the fraction of non-optimally adjusting firms equal to
75 percent per quarter combined with log-utility (¢ = 1) and a
Frisch elasticity of labor supply of 1. For the baseline, I set the stan-
dard deviations of all the shocks equal to 0.025. The parameters
of the rule are set equal to their Taylor values of ¥, = 1.5 and
¥, = 0.125. T then solve numerically for the values of 7* and §*
that minimize the unconditional expectation of social loss, given by
(2). T set A equal to the value appropriate if (2) is interpreted as
a second-order approximation to the welfare of the representative
household P4 The analytic results for the optimal values of 7 and
0 taken individually showed that the variances of demand and cost
shocks played a key role, so I investigate how variations in these vari-
ances affect the optimal power of the goal-based versus rule-based
regimes.

To assess the relative roles of 7 and ¢ when both are chosen opti-
mally, I report the ratio of their optimal values, as the variances of
the disturbances vary. Figure 1 plots 7*/§* as a function of the vari-
ances of the fundamental demand and cost shocks 0'3) and o2. Both
7* and 0* are positive, indicating a role for goals and rules, but
as suggested by (8) and (9), the relative weight on goals as meas-
ured by 7 rises as demand shocks increase in volatility, while the
weight on rules as measured by 4 rises as cost shocks become more
volatile. For the parameters considered here, however, the weight
given to deviations from the inflation target in assessing the central
bank’s performance is much larger than the optimal weight placed
on deviations from the Taylor rule.

According to (8) and (9), an increase in A\*o7, + k*02—that is, an
increase in the volatility of the distortionary shifts in objectives—
would increase 7* when 6 = 0 and 0* when 7 = 0. In fact, these two
equations imply that the ratio between 7* and §* is independent of

*This implies a value of X equal to (x/607)(1 +n)/(1 — a), where 67 is the
price elasticity of demand faced by firms, 7 is the inverse wage elasticity of labor
supply, and 1 — a is the elasticity of output with respect to labor. For 6 = 9,
n =1, and a = 0.3, this implies A = 0.0545. See (21).
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Figure 1. Ratio of Optimal 7 to Optimal § when Jointly
Optimized as Function of the Variances of Demand (o-i)

and Cost (02) Shocks

the volatility of the distortionary shocks u and ¢ but depends on
the relative variances of demand and cost shocks:

T A\ + K2 o 5, A

5*‘( e ) o2 ] T
This continues to be true when 7 and § are optimally chosen jointly;
they both increase with the volatility of the distortionary shocks
u and ¢, rising proportionately so that their ratio remains con-
stant as A\2o2 + 5203 increases. Thus, figure 1 is independent of
A2o2 +ﬁ2ai. While the optimal measure of performance places some
weight on deviations from the inflation goal and deviations from the
interest rate rule, the fundamental choice between a goal-based and
a rule-based performance measure depends on the relative impor-
tance of the underlying shocks to private-sector consumption and
price-setting behavior.
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3.5  Conclusions from the Simple Model

The simple model utilized in this section suggests that when politi-
cal (or other) pressures cause transitory distortions to the objectives
the central bank pursues relative to society’s goals, there can be a
role for both goal-based reforms and rule-based reforms. Both estab-
lish performance measures that affect the central bank’s incentives
and therefore affect policy choices. When each type of reform is
considered in isolation, analytical expressions could be obtained for
the optimal weight to place on achieving stable inflation and for
punishing deviations from the Taylor rule. These expressions for 7*
and §* showed that increases in the variance of shocks that dis-
torted the central bank’s objectives called for increasing the power
of both types of accountability measures. Increased volatility of
cost shocks reduces the weight that should be placed on inflation
goals, as limiting the flexibility to respond to these shocks becomes
more costly. Under goal-based accountability, demand shocks do
not affect the optimal power, as the central bank already has
an incentive to neutralize demand shocks. In contrast, demand
shocks reduce the optimal power of the rule-based system since the
Taylor rule does not allow for shifts in the equilibrium real rate of
interest.

4. Goals and Rules in an Estimated Model with Sticky
Prices and Wages

The previous section considered the use of goal-based and rule-based
policy regimes using a very simple model in which some analyt-
ical results could be obtained and some results required a cali-
brated version of the model. In this section I consider the effects
of 7 and ¢ in an estimated New Keynesian model of sticky prices
and wages based on Erceg, Henderson, and Levin (2000) (hence-
forth, EHL). As was clear from the expressions for 7* and §*
obtained in the previous section, their values will depend impor-
tantly on the relative volatility of different shocks. Thus, obtaining
these values from an estimated model will provide a more realistic
assessment of the performance of goal- versus rule-based incentive
systems.
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The basic model is standard and details of its derivation can be
found in Erceg, Henderson, and Levin (2000) or chapter 6 of Gali
(2008). The model takes the following form:

Yt = Eryrpr — [t — Eemepr — (1 = py) x4
(14 B0p) mp = PE¢mi1 + dpmi—1 + Kp (wr — mply + puf)
(1+ Bw) 7" = BEmy + 0wy + Ko (mrsy + pf — wy)
wp=wi1 + 1 — T ez

mply = —ahy

mrsg =y + nhe — xt
yr = (1—a)hy

9t = Yt — Yt—1 + €z,

where y is output, w the real wage, 7w inflation, 7% wage inflation, mpl
the marginal product of labor, mrs the marginal rate of substitution
between leisure and consumption, A hours, and g the growth rate of
output. Aggregate productivity is assumed subject to a random-
walk process with innovation e, so output, the real wage, the
marginal product of labor, and the marginal rate of substitution
between leisure and consumption are all defined as log-deviations
from the permanent component of productivity. Other variables are
expressed as log-deviations from their steady-state values (including
zero steady-state rates of price and wage inflation). x, pP, and p*
are stochastic shocks to the marginal utility of consumption, price
markups, and wage markups, all assumed to follow AR(1) processes
with, for example, p, denoting the AR(1) coefficient for x and e, ¢
denoting its innovation. The first equation is a standard Euler con-
dition linking the marginal utility of consumption in periods ¢ and
t+ 1. The next two equations are reduced-form expressions for price
and wage inflation, where ¢, and J,, are the degrees of indexation
in price and wage setting. The parameter 7 is the inverse wage elas-
ticity of labor supply; 1 — a is the elasticity of output with respect
to hours, the only variable input to production. To be consistent
with the assumed unit-root process in productivity, the elasticity of
intertemporal substitution in consumption is set equal to 1.
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The elasticity of inflation with respect to real marginal cost is
equal to

(1-¢)(1-6p") 1-a
P 1—a+ abr’

Rp =

where 1 — P is the fraction of firms optimally adjusting price each
period and 6P is the price elasticity of demand facing individual
firms. Similarly, the elasticity of wage inflation with respect to the
gap between the marginal rate of substitution between leisure and
consumption and the real wage is

(=" (1= ") 1
W 1+ now’

w

where 1 — P is the fraction of wages optimally adjusting each period
and 0% is the wage elasticity of demand for individual labor types.

For estimation purposes, the model is closed with a specification
of monetary policy, where the nominal interest rate i is treated as
the policy instrument. I assume a standard Taylor rule with inertia
of the form

ir = pite—1 + (1 — pi) (drme + dgye) + v,

where v is an exogenous policy shock.

4.1  FEstimation

The model is estimated by Bayesian methods over the period
1984:Q1-2007:Q4, corresponding to the Great Moderation. A similar
version of the EHL model has been estimated over 1984:Q1-2008:(Q2
by Casares, Moreno, and Vazquez (2011). I base my priors partially
on their results, but I follow Chen, Curdia, and Ferrero (2012) in
choosing prior distributions of beta for parameters constrained to be
between 0 and 1 and gamma for parameters that should be positive.
Output growth, inflation, wage inflation, and the nominal interest
rate are treated as observables. Output is measured by chained real
GDP deflated by the civilian population aged sixteen and over. Infla-
tion is measured by the log-change in the GDP deflator, while wage
inflation is the log-change in hourly compensation in the non-farm
business sector. The interest rate is the effective federal funds rate.
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Table 2. Prior and Posterior Distributions: Structural

Parameters
Priors Posterior
Prior
Dist. Mean | S.D. | Mean 5% 95%
Structural
Parameters
n Gamma, 4.34 0.25 | 3.7812 | 2.6792 | 4.6645
Op Beta 0.50 0.15 | 0.3690 | 0.3090 | 0.4410
Ow Beta 0.50 0.15 | 0.2325 | 0.2000 | 0.2606
©p Beta 0.75 0.10 | 0.2081 | 0.0914 | 0.3218
Pw Beta 0.75 0.10 | 0.1891 | 0.0703 | 0.2946
Monetary
Policy

Di Beta 0.83 0.10 | 0.5144 | 0.5000 | 0.5329
O Gamma, 2.00 0.25 | 2.7303 | 2.4659 | 2.9993
o Gamma, 0.35 0.05 | 0.4404 | 0.3822 | 0.5000
Disturbances

Py Beta 0.9 0.2 0.9015 | 0.8692 | 0.9350
Pur Beta 0.9 0.2 0.9886 | 0.9646 | 0.9999
Puw Beta 0.9 0.2 0.1421 | 0.0100 | 0.2937
Pv Beta 0.3 0.2 0.4634 | 0.3611 | 0.5595
o, Invg 1.0 0.2 0.6567 | 0.5766 | 0.7324
Oy Invg 1.0 0.2 1.1921 | 0.9488 | 1.3864
oy Invg 1.0 0.2 0.4412 | 0.4109 | 0.4705
Oup Invg 1.0 3.0 1.2011 | 1.0027 | 1.3801
O Invg 1.0 3.0 4.9443 | 3.9333 | 5.9998

All four observables are measured at quarterly rates. The values
c=1,8=0.99,a =0.36,0° =9, and 0 = 4.5 were fixed, where the
latter two values follow Gali (2013). Table 2 reports the prior distri-
bution, means, and standard deviations, together with the posterior
means and confidence intervals of the estimated parameters

29The estimation period is chosen to exclude the post-2008 period during which
the federal funds rate was effectively at zero. The implications of the zero lower
bound for goal-based and rule-based performance masures are discussed in the
concluding section.
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4.2 Welfare Measures

In viewing central bank design as an issue of delegation, the objec-
tives pursued by the central bank may differ from those of society,
either because the central bank’s evaluation of economic outcomes
differs inherently from society’s or because the central bank has
been assigned objectives that differ from those of society. The former
case corresponds to Rogoff’s conservative central banker, a policy-
maker whose preference for low and stable inflation is greater than
that of the public. The latter is the case considered in this paper
in which policymakers share society’s preferences but have been
assigned objectives that may differ from those of society. In either
case, it is necessary to specify two sets of preferences—those taken to
represent society’s and those that underlie the central bank’s policy
choices.

In specifying these preferences, much of the monetary policy lit-
erature, including work on inflation targeting, takes the objectives
of the central bank to be represented by a quadratic loss function
in inflation squared (or squared deviations of inflation from target)
and an output gap squared. These objectives are then also implicitly
identified with those of society. Under a delegation scheme, society’s
and the central bank’s objectives could each be represented by ad
hoc quadratic loss functions, but the two loss functions may differ.
Alternatively, in models based on the preferences of the individual
agents populating the economy, outcomes can be evaluated in terms
of their implications for the welfare of the representative household.
If a welfare-based measure is used to represent society’s preferences,
the objectives of the central bank could take one of two basic forms.
One could still represent the central bank’s objectives by a stan-
dard quadratic loss function augmented by the performance meas-
ures assigned to the bank. Or one could assume the policymaker
cares about the welfare of the representative household, in addition
to the performance measures they have been assigned. Each of these
alternatives could then allow for distortionary shocks to the policy-
maker’s output objective. Table 3 summarizes the combinations of
objective functions that could be used to measure society’s welfare
and to represent the central bank’s objectives. In the analysis of
this section, six of the eight possible combinations of objectives will
be considered; these combinations are indicated in the table. I have
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Table 3. Alternative Welfare Measures

Society
Ad Hoc | Welfare Based
Central Bank | Ad Hoc X X
Ad Hoc with Distorted X X
Output Gap
Welfare Based X
Welfare Based with X
Distorted Output Gap

excluded the cases in which society’s preferences are given by an ad
hoc loss function while the central bank uses the welfare of the rep-
resentative household to evaluate outcomes, as these combinations
of preferences seem of limited relevance.

The ad hoc measure used to evaluate outcomes from society’s
perspective is taken to be

1 o
padhoe _ 5Et Zﬁz (A7 + AaZivi) s (20)
i=0

while the welfare-based measure is taken to be a second-order
approximation to the welfare of the representative household, where
the approximation is taken around the economy’s zero-inflation effi-
cient equilibrium In the context of the sticky-price, sticky-wage
model, this is given by (see Erceg, Henderson, and Levin 2000)

Lyt = Et Z g [ (Fegi = Operi1)” + Aafy

+ Aw (7%17%“”-1-@ 4 77t+z 1)2}7 (21)

- () ()

30T assume that fiscal taxes and/or subsidies are in place to ensure the steady-
state allocation is efficient.

where
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oo () ()

Since the weight on output-gap volatility in L*"°¢ is ad hoc, I
employ the same value for A, in (20) as for A, in (21). Based on
the estimated parameters reported in table 1, A, = 0.1486 and
Aw = 0.4061.

The central bank is assumed to minimize a loss function that
is augmented by the performance measures which place additional
weight on inflation volatility and deviations from an instrument rule:

c 1 G i |, ; )2
L= L+ 5B 30 [t 8 1)
1=0

where L$® is the central bank’s loss function in the absence of per-
formance measures. Four alternative specifications for L§® are used.
These differ according to whether an ad hoc quadratic loss function
or the welfare approximation is used and whether, for each of these
loss functions, the central bank is concerned with z? ; or with the

distorted gap (x¢y; — ut+i)2. For example, if u; = 0 and the central
bank employs an ad hoc quadratic loss function, policy will aim to
minimize

1 = il A ~ . o 2
§Et Z p |:7T§+i + )‘szﬂ‘ + Tﬂ-?—i—i +0 (lt+i - Zt-i—i) ] . (22)
i=0
If the central bank’s gap objective is distorted, policy will minimize
Lo i [ . . N2
§Et Zﬁ [Wt2+i + A (Tei — wrgi)” + TR + 0 (b — i74) } :
i=0
(23)
A similar distinction will arise if the central bank is concerned with

minimizing (21) or (21) with 22 replaced by (z; — us)”.
Finally, the reference policy rule defining 7} is given by

it = 1.5m 4+ 0.125z, (24)
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Table 4. Optimal 7 and §, Taylor Rule in 7w and y

Social Loss
(1) (2)
Ad Hoc (eq. 20) Welfare (eq. 21)
Central Bank Loss T* o* T* o*
(1) Ad Hoc: 7,z 4.04 0 1.37 0
(2) Ad Hoc: m,x —u 12.95 0 6.15 0
(3) Welfare 0.33 0
(4) Welfare in x — u 1.54 0

where z; is a measure of real activity. Two alternatives for z; will be
considered: z;, the gap between output and the efficient level of out-
put, and y;, output relative to the permanent component of output,
interpreted as corresponding to output relative to trend.

4.8 Results

As a starting point, consider the case in which social loss is meas-
ured by the standard quadratic loss function given by (20), and the
central bank’s objective is (22). Assume z; = y; in (24) so the refer-
ence policy rule includes inflation and the gap between output and
potential as in the reference policy rule proposed in H.R. 5018. The
model given by (12)—(19) is solved over a grid of values for 7 and
0 under the optimal discretionary policy designed to minimize (22).
For each combination, social loss measured by (20) is evaluated to
obtain the values 7* and §* that minimize social loss.

Row 1, column 1 of table 4 shows that 7* > 0 but 6* = 0 when a
standard quadratic loss function in inflation and the efficiency out-
put gap is used to represent both social loss and the central bank’s
preferences. Because there is no distortion appearing directly in the
central bank’s loss function, i.e., u; = 0 and the central bank cares
about 72 and 2, the only role for the performance measures is to
address the dynamic inefficiency of discretionary policy. Recall that
Clarida, Gali, and Gertler (1999) showed that in the presence of
serially correlated cost shocks, as is the case here, having the cen-
tral bank place more weight on its inflation goal (relative to the true
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social loss function) would lead to improved outcomesPl In contrast,
the rule-based performance measure receives zero weight.

Now suppose the distortionary shock u; that affects the output
goal pursued by the central bank is added, so that the central bank
seeks to minimize (23). Since shocks to the central bank’s prefer-
ences were not incorporated into the estimated model, I arbitrarily
set o, = 1.0 (1 percent). Going from row 1, column 1 of table 4 to row
1, column 2 shows that the optimal value of 7* increases. As discre-
tionary policy now suffers from the distortions in the central bank’s
output goal and those arising from discretion, the optimal power
of the goal-based performance measure rises. As expected from the
results of section 3, adding this distortion significantly increases 7*
(from 4.04 to 12.95). The optimal 6* is still equal to zero.

Results are similar when the welfare loss (21) is used to evalua-
tion outcomes. Whether the central bank’s objectives are based on
the ad hoc loss function (22) (row 1, column 2) or (23) that includes
a distorted output-gap objective (row 2, column 2), it is optimal to
rely solely on the goal-based performance measure (7* > 0, 6* = 0).

Now suppose the central bank cares about social welfare as well
as its assigned performance measures. That is, the central bank
attempts to minimize

1 > . N N 2 N N 2
QEt Zﬁl [(Wt—l-i — Opfetio1)” + AaTiys + M (R4 — Owfihi1)
i=0

. , 2
+ Th7 0 (ers — i114) } : (25)

When the central bank cares about the welfare-based measure of
loss, whether distorted by shocks to its output objective or not (rows
3 and 4, column 2), 7* > 0 and 0* = 0. Notice that the optimal
power of the performance measure (7*) falls when the central bank
cares about the welfare-based loss (compare row 1 and 2 with rows
3 and 4). Figure 2 shows how 7 and § affect welfare-based social
loss when the central bank also cares about the welfare-based loss
function but with distortions to its output objective (corresponding
to row 4, column 2 of table 5). Loss quickly becomes extremely
large as § increases above zero. It increases so quickly that the

31See also Tillmann (2012).
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Figure 2. Loss Rises Quickly with § when the Reference
Policy Rule Depends on y
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Notes: Social loss is given by (21) and central bank loss by (25), distorted by
the presence of u shocks to the output-gap objective.

Table 5. Optimal 7 and 4, Taylor Rule in 7w and =

Social Loss
(1) (2)

Ad Hoc (eq. 20) Welfare (eq. 21)
Central Bank Loss T* o* T* o*
(1) Ad Hoc: 7,z 6.44 1.19 0.24 0.70
(2) Ad Hoc: m,z — u 11.26 2.38 0.00 1.50
(3) Welfare 26.21 11.36
(4) Welfare in z — u 36.05 12.22

scale of the figure obscures the way loss varies with 7 when § is
fixed at its optimal value of zero, making it hard to discern that
7* = 1.54. While setting 7 equal to its optimal value reduces loss by
16 percent relative to the 7* = §* = 0 case, increasing J from 0 to
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just 0.05 when 7 = 0 leads to an increase in social loss by a factor
of almost 50.

The results reported in table 4 can be summarized briefly; for all
combinations of loss functions for the central bank and the measure
of social loss, whether the central bank’s output target is distorted
or not, the optimal weight to place on the goal-based performance
measure (7) is positive while the optimal weight to place on the
rule-based performance measure (4) is zero.

Now assume z; = x; in (24) so that the reference policy rule
includes inflation and the gap between output and its efficient level.
In this case, the reference rule is defined in a manner that is more
consistent with the underlying model. Results are shown in table
5. Now, 6* > 0 for all six different combinations considered. Row
1, column 1 of table 5 shows that when a standard quadratic los