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1 Introduction

The most distinctive feature of inflation targeting central banks is not their com-

mitment to low and stable inflation: this is now gospel almost everywhere. After

more than a decade of experience with inflation targeting (IT), it seems to us that

the clearest distinguishing feature of targeting banks is their commitment to the

continuing process of improving transparency. While all central banks now issue

voluminous public communications, the communication of inflation targeters has

continually and rapidly evolved in the direction of clearer and more thorough dis-

cussion of policy issues. This process has surely been aided by the fact that inflation

targeters have actively invited critical external review and opened their processes

to facilitate that review.1 Our paper is part of this new tradition.

Despite great progress on transparency, we argue that even at IT banks the

most important topic of central bank communication remains shrouded in an ob-

scure code. The first question people often ask—until they learn it is futile—of

public servants charged with setting the policy interest rate is, “Where are rates go-

ing?” This is probably the most useful information central bankers could share with

citizens attempting to plan their financial futures. The bulk of the paper demon-

strates that current central bank communication about this key question amounts

to an obscure code and the paper shows some natural ways to improve transparency.

Here is our basic argument. Communicating the future path of policy is in-

herently an issue of forecasting. Current inflation reports generally contain one or

more conditional forecasts—forecasts of output and inflation conditioned on an ex-

ogenously specified path of the policy interest rate. We think of these forecasts as

a coded message to the public; we argue it is a complex code that is not well-suited

to maximizing transparency about where policy and the economy are headed.

While we support these claims more formally below, the key points can be seen

in a simple parable. The policymaker is a bus driver and the passengers comprise the

public. Full transparency dictates that the bus driver share her private information

1 Commissioned reports include Svensson (2001), Pagan (2003) and Leeper (2003).
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about when the bus will arrive at the destination.2 The passengers have a basic

understanding of the issues—distance, speed limits, and so forth—and form a rough

idea of the travel time. The bus driver, who is a regular on this route, has some

private information stemming from her specialized knowledge. A passenger inquires

about the expected travel time.

Rather than giving an unconditional forecast (the trip usually takes 45 hours),

the bus driver reports two conditional forecasts for the principle goal variables: if I

drive 60 m.p.h., it will take on average 48 hours, with a negligible probability of a

collision; if I drive 80 m.p.h., it will take on average 40 hours, which incorporates

delay due to a one percent chance of collision.

How could a passenger decode this message to improve his estimate of typical

travel time? If he knows the bus driver’s preferences over time versus sustaining a

collision, and knows how the probability of collision varies with speed, and knows

what delay is typically caused by collisions (which presumably varies with speed

at time of collision), then it is straightforward to infer the driver’s unconditional

forecast of travel time. Otherwise, it may be unclear how the conditional forecasts

are of any value to the passenger hoping to improve his own rough estimate of arrival

time.

To complete the bus story, we might imagine the persistent passenger asking for

an unconditional forecast. The bus driver responds that if she gave an unconditional

forecast, the passengers might try to hold her to it; this could make it difficult for her

to react appropriately to unexpected changes in driving conditions. True enough.

For most of the paper we simply discuss how to improve transparency, leaving

aside whether this is desirable. In the final section, we return to the question of

whether clearer communication would be a good thing.

2 Andy Levin notes that we are taking it as given that the public knows where the bus is going,
which some might equate with stating an inflation target.
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2 Transparency and forecasts

We assert three transparency principles. First, absent competing interests, central

banks should strive to shed as much of their private information as is reasonably

possible. The least ambiguous foundation for this principle is that, as Chairman

Greenspan (2002, pp. 5–6) of the Fed argued, “Openness is an obligation of a central

bank in a free and democratic society. . . .”3 Transparency might also improve policy

outcomes, but as the transparency literature makes clear, in a distorted economy

there are many reasons why it might be welfare enhancing for the central bank

deliberately to surprise the public.4

Second, a main focus of central bank transparency efforts should be to shed

private information about the future course of policy. The central bank’s main

social policy mandate is to conduct monetary policy, and this gives the central bank

a particular responsibility to share information about the course of policy.5

Third, in pursuing transparency a central bank using an interest rate instrument

should be transparent about the future path of instrument. This principle follows

more or less directly from the first two.

Some might argue that it is sufficient for the central bank to be transparent about

the goal variables of policy. Perhaps, for example, communication could focus only

on inflation and the output gap without great loss.

The analogous argument in the bus parable is probably correct. It is important

that the bus driver communicate about goals such as travel time, smoothness of

the ride, and safety. It is not nearly as important that she communicate about the

instruments of policy—how the gas pedal and steering wheel will be manipulated

to attain the goals.

In this respect, the bus example misses an important element of the monetary

3 See also the remarks by Issing (2004).
4 Faust and Henderson (2004) develop this point more fully.
5 Further, the primary inherent informational advantage possessed by the central bank is about

the future course of policy. Of course, the central bank may have private information about the
economy more generally—even as distinct from that which flows from a better knowledge of the
course of policy. This information should also be shared.
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policy case. Individual welfare is strongly affected by the path of the interest rate

instrument through direct channels not captured by the conventional goal variables.

For example, changes in nominal interest rates can lead to important wealth redistri-

butions. These may largely net out in aggregate welfare calculations, and economists

often do not emphasize them in analyzing aggregate policy. Such issues should not

be neglected, however, when considering what a central bank has a responsibility

to communicate to the public it serves. A person in a very secure job but facing an

interest-sensitive decision, such as securing a fixed-rate mortgage, may care much

more about the short-run path of interest rates than about the short-run path of

the inflation and output gaps.

2.1 Why forecasts are central to transparency

The transparency principles present the central bank with a difficult communication

problem. The central bank’s information set is large and amorphous, and any com-

munication strategy must distill this information. Here we begin the formal analysis

of information and illustrate why certain forecasts are the natural way to encode

central bank information for purposes of public communication. While we have not

seen these points collected in this way, they are present in many places.6

Under any formulation, the policy process maps current information into a policy

choice:

it = φ(Yt−1), (1)

where Yt is the central bank information set at t, and at this point the time subscript

may measure days or minutes. In the realistic case, Y is high dimensional and cannot

be fully characterized; φ is imperfectly known, even to the policymakers. At the

policy meeting, the policy board has a wide ranging discussion—explores Yt−1—and

ultimately chooses a policy—evaluates φ.

The goal in designing a communication policy is to reduce or condense the char-

6 For example, Sims 1980; Bernanke, et al. 1999; Leeper and Zha 2003; Svensson 2004, Woodford
2004.
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acterization of the current information and the policy mapping to something that

can be communicated effectively. Two conventional assumptions simplify the prob-

lem considerably.

First, assume that policy can approximately be seen as period-by-period mini-

mization of some expected loss function:

it = arg max
i

E [L(Yt(i))|Yt−1] =

∫

L(Y )ξ(Yt(i)|Yt−1)dY. (2)

The second expression expands the definition of the conditional expectation in

somewhat short-hand notation, assuming that ξ(Y (i)|Yt−1) is the joint conditional

density of Yt when the history is Yt−1 and the policy rate is it = i.7

Since the density ξ(Yt(i)|Yt−1) may be thought of as a forecast equation, (2)

emphasizes the tautology, through the meaning of expected, that expected loss min-

imization can be written in terms of forecasts.

The second assumption is that the loss function itself can be approximated as a

function of a much condensed information set:

L(Yt) ≈ l(Zt), (3)

where Zt = Ξ(Yt) and is much lower in dimension than Yt. In the familiar case, Ξ

picks out the two gaps. Now we can write,8

it ≈ argmaxi =

∫

l(Zt)ξ(Zt(i)|Yt−1)dZ. (4)

We have now greatly simplified the communication problem: to be transparent

about the future course of policy, the central bank only needs to communicate its

loss function over Z and its forecasts for this low-dimensional variable. The only

additional note at this level of generality is that Z should include items of great

importance to individual welfare, which includes the policy interest rate.

7 Note that we are not necessarily assuming that L is a true social welfare function, so this
expression covers a wide range of cases. In particular, this covers the formulation that Svensson
has emphasized in a number of papers (e.g, 2004). It also summarizes a conventional approach to
making policy in intractable problems as described in Faust (2005), in which case, L is an ad hoc

judgmentally derived scoring function.
8 Note that the forecast is still conditioned on the full information set.
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2.2 Current Inflation Reports

As is conventional in this literature, we call forecasts conditional on central bank

information at the time of the forecast and on a future path for the policy rate

conditional. Unconditional forecasts are conditional only on information available

to the central bank at the time of the forecast and not on any counterfactual paths

for variables in the forecast period.9

Reporting of forecasts is a topic of rapid development in inflation reports. Due

to the rapid developments, we can at best present a representative snapshot of

the range of interest rate assumptions and the diversity in how the assumptions

are treated. Initially, the main forecast was conditional and typically premised on

a constant policy rate. There was no pretense that policymakers regarded the flat

path as plausible. The European Central Bank continues in this tradition [European

Central Bank (2005)].

More recently, emphasis has shifted to a forecast conditioned on policy following

a market path implied by the term structure of forward interest rates. The Bank of

England (BOE) has always produced a constant rate and a market rate projection.

Initially, the constant rate was emphasized, but the central projection has been

based on the market path since the August 2004 report. Sveriges Riksbank (Sweden)

converted to market rates in the second half of 2005, and a constant rate projection

is still reported.

Two central banks appear to condition on interest rate paths that are chosen to

achieve their policy objectives. Since the beginning of 2005, the Norges Bank (Nor-

way) computes projections conditional on an interest rate path explicitly endorsed

by the Executive Board as striking a “reasonable balance between the objectives of

monetary policy” [Norges Bank (2005), p. 5]. For many years, the Reserve Bank

9 Some confusion could arise because there are other variables than the policy rate that are
taken as given in certain steps of the forecast process at central banks. For example, often the
paths of certain hard-to-forecast variables are set judgmentally and taken as given in the rest of
the forecast procedure. So long as the judgmental paths are some sort of “best guess” and not
deliberately counterfactual, the fact that they are taken as given during some forecast steps does
not render them conditional in the sense we are using it or exogenous in any standard sense of the
term. This claim about conditionality relies on the fact that we are only considering first moments.
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of New Zealand (RBNZ) has conditioned its projections on an interest rate path its

Governor deems is consistent with achieving a forecasted path of inflation within

the target bands over the medium term [for example, Reserve Bank of New Zealand

(2005)].

Although there has been a good deal of argument that moving to the market-

based assumption is a significant improvement, we will argue that, at least from

the standpoint of economically sophisticated agents, the information content of any

conditional forecast is essentially the same. To the extent that the interest rate

paths used by Norway and New Zealand reflect the policymakers’ own views of

where policy is headed, however, their approaches are close to the unconditional

forecasts we have in mind.

2.3 Consumers of forecast information

Because this paper mainly concerns communication to the economically sophisti-

cated public (ESP), it is useful to distinguish three consumers of forecast informa-

tion.

The ESP efficiently extracts all relevant information from central bank commu-

nication. In contrast, the typical person is someone who, absent further digestion

or pedagogy, cannot fully appreciate the implications of all available central bank

information.10 We leave to the conclusion some discussion of communication to this

group.

This paper is also not about communication between the central bank staff and

policy board. Under the assumptions that the Board is sophisticated and that it has

access to the full information set upon which the forecast is based, the forecast—no

matter what its properties—has no clear implications for the policymaking step. So

long as the policymakers are aware of the model’s shortcomings, bad properties of

the model or forecast need not show through to policy.11

10 Markets and the media aggregate and reveal information; thus, individuals may acquire infor-
mation that they could not individually have extracted from raw central bank communication.

11 Here our approach differs from, for example, Woodford (2005) who argues that flaws in the
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3 The information content of forecasts

We begin our argument that conventional conditional forecasts are an obscure way

to communicate the policy outlook with a simple example. The economy is described

by a Phillips curve and inflation equation. The essential feature for our purpose is

that the central bank bases policy on some private information. After receiving a

private signal about the state of the economy, the central bank sets the policy rate

to minimize a quadratic loss function in an output gap and inflation.12

In this section, we assume that the central bank’s information set is a superset

of that of the public. Thus, the public uses any forecast announcement to infer

the central bank’s information and update its own view of where policy and the

economy are going. For simplicity, we focus only on the point forecast, leaving the

issue of higher moments and fan charts aside.

3.1 The model

The Phillips curve and inflation equation are:

xt = −ait + b(πt − πe
t ) + uxt + wxt (5)

πt = −cit + uπt + wπt (6)

where xt and πt are publicly observed measures of the output gap and inflation at

t, respectively, and πe
t is the public’s expectation of inflation formed at the end of

t−1 and is observed by the central bank. Everyone knows these equations and their

coefficients.

The u and w variables are mean zero, finite variance, and serially uncorrelated

shocks. These are not observed directly by anyone. The two w shocks are standard

forecast process could have implications for policy. This case arises if the Board, loosely speaking,
takes the model literally. We instead assume that the Board has access to the full information set
including the model, and takes the model for what its worth, discounting aspects that are not helpful
in formulating optimal policy. Something in between these two assumptions is probably correct.

12 In simple models, there is always a solution to such communication problems: tell people your
information. To be clear, we are not studying cases in which the central bank has any tendency to
lie to the public.
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economic shocks. The uπ and ux represent a gap between the measured inflation

and output gaps and those that are relevant for welfare. We think of these as

measurement error in a broad sense—that is, as the gap between announced data

and ideal measures. The separate role of the u’s and w’s can be seen in the social

loss function:

Et

1

2

[

(πt − uπt)
2 + λ(xt − uxt)

2
]

. (7)

The bliss points for the true inflation and output gap measures are normalized to

be zero. Welfare is a function of the w’s, but not the u’s. Before setting policy each

period, the bank staff’s efforts give rise to an unbiased signal of each of the four

shocks: v̂ = {ûxt, ûπt, ŵxt, ŵπt}.

The timing of events is as follows. At the end of t − 1 the public forms its

expectation, πe
t . At the beginning of t, the central bank receives the signal, v̂t, and

the central bank sets it optimally, taking πe
t as given. Then the shocks, vt, are

realized and xt and πt are determined. Next, the cycle begins again with the public

forming an expectation for t + 1.

This model has a simple linear-quadratic structure, and the solution is conven-

tional (see the Appendix for details). The relevant features for our purposes are as

follows. In all periods, πe
t = 0: at the end of t− 1 neither the public nor the central

bank have any information to suggest that non-zero inflation will be optimal. The

central bank reaction function will be a linear function of central bank news, and,

in particular,

it = α1ûπt + α2ŵπt + α3ŵxt. (8)

with, α1 6= α2 6= α3.
13

13 The basic idea of the solution is that the central bank wants to optimally smooth the shocks
that affect welfare. Obviously, it reacts to both of the w shocks. While ux has no effect on welfare
and is ignored, uπ indirectly affects welfare through its effect on the gap via the inflation surprise
in the Phillips curve.
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3.2 Transparency through forecasts

After the signal arrives and before the policy rate is observed, the central bank

publishes an inflation report containing one or more forecasts of the economy. We

consider what aspects of the central bank’s private signal can be encoded in various

sorts of forecasts.14

Consider a forecast conditional on the signal, v̂, and on a policy assumption,

it = ic. The forecast will be given by the conditional expectation of (5-6):

xc
t = −(a + bc)ic + bc(ûπt + ŵπt) + ûxt + ŵxt (9)

πc
t = −cic + ûπt + ŵπt. (10)

In the x equation we have substituted for π to write the system in terms of policy

and shocks.

If the coefficients and policy assumption are known, it is clear from (9) and (10)

that announcing a conditional forecast is equivalent to simply announcing the sum

of the two errors in the structural equations—(ûx + ŵx) and (ûπ + ŵπ). While this

result is specific to the model, the general point is that the conditional forecast

reveals some, but not all of the central bank’s information.

To make this point more concrete, consider how the public can use the condi-

tional forecast to infer the central bank’s unconditional forecast. Denote the central

bank unconditional forecast with a superscript cb and the public’s updated forecast

after seeing the conditional forecast with a p:

icbt = α1ûπt + α2ŵπt + α3ŵxt (11)

ipt = α1E[uπt|ûπ + ŵπ] + α2E[wπt|ûπ + ŵπ] + α3E[wxt|ûx + ŵx] (12)

Because the public knows only the sum of the two shocks in each equation, it cannot

precisely extract the central bank’s expectation from the conditional forecast.

14 One might wonder why the public would bother to read the inflation report: the information
cannot affect outcomes in this model. We have deliberately imposed this simplicity. Still, it is fully
consistent with the model for us to imagine that, after reading the inflation report, agents make
decisions that affect individual, but not social, welfare.
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The difference in policy expectations will lead the public and central bank fore-

casts of the other variables to diverge in a very simple manner. To see this, difference

the expressions (9) and (10) for forecasts based on two different conditioning paths,

ic and ı̃c, giving

x̃c
t − xc = −(a + bc)(̃ıc − ic) (13)

π̃c
t − πc = −c(̃ıc − ic) (14)

Since these equations are of the same form for any forecasted variable, it is useful

to define z as the typical forecasted variable, and write the generic equation as,

z̃c − zc = γz (̃ı
c − ic) (15)

where γz is the coefficient on i in the reduced-form equation for z (treating i and the

shocks as exogenous). This equation allows us to draw several strong conclusions,

which carryover to the richer dynamic and nonlinear case considered below.

First, any single conditional forecast contains the same information. This is clear

from the fact that the difference of any two such forecasts in (15) involves only γ and

the policy assumptions, both of which are assumed known. This also implies that,

so long as agents know γ, conditional forecasts after the first contain no marginal

information.

Second, if agents are uninformed about γ, a second forecast would reveal γ;

additional conditional forecasts would reveal no marginal information.

Third, after the public updates its forecast upon seeing the inflation report, the

public and central bank forecasts for z will differ to the extent that their policy rate

forecasts differ. This can be seen in the version of (15) based on the public and

central bank forecast of rates,

zp − zcb = γz(i
p − icb) (16)

We now show that these results follow generally.
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3.3 The dynamic case

Suppose that each period the central bank forms an unconditional forecast denoted,

as above, by cb. We place no restrictions on how this is formed. Conditional

forecasts are then formed consistent with Leeper and Zha’s (2003) formulation of

modest policy interventions—that is, they are treated as a sequence of hypothesized

policy shocks of a modest magnitude. We assume that in a modest neighborhood

of the unconditional forecast, the responses of all relevant variables, including the

policy rate, to the policy shock are linear in the shock and well approximated by

the conventionally defined impulse responses of the variables to a policy shock.

These responses may be different for different unconditional forecasts. Thus, we are

principally assuming that the model is sufficiently smooth (at least in the policy

variables) to make local linear approximation useful.

Under these assumptions, a few lines of algebra get us to the dynamic analog of

the static results. Suppose we condition on a policy rate path of (ict , . . . , i
c
t+h). The

conditional forecast for i and typical variable z can be written as a deviation from

the unconditional forecast using the assumed impulse responses:

zc
t+h = zcb

t+h +
h

∑

j=0

diε
c
t+h−j (17)

ict+h = icbt+h +
h

∑

j=0

giε
c
t+h−j (18)

where the impulse responses of z and i to policy shocks are given by the dj ’s and gj ’s,

respectively. The second equation implicitly defines the policy shocks, εc
s, that are

consistent with the conditioning path for rates. In matrix notation, these equations

can be written,

zc − zcb = Dεc (19)

ic − icb = Gεc (20)

where zc = (zc
t+0, . . . , z

c
t+H)′ and the other superscripted variables are analogously

defined. Finally, D = Q(b), where Q(b) is the lower triangular Toeplitz matrix with
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bi on the ith subdiagonal; G = Q(g) is analogously defined. Thus,

zc − zcb = Γ(ic − icb) (21)

where Γ = BG−1. As above, we can difference this expression for two conditional

forecasts:

zc − z̃c = Γ(ic − ı̃c) (22)

Of course, (21) and (22) mirror (16) and (15). Thus, the three conclusions listed

above follow directly.15 We have lost something significant, however, in going to the

more general case: we no longer have an explicit expression for how the public should

update its policy expectation to form ic. The three conclusions follow without this,

but some further comment is warranted.

In the simple case, an explicit expression, (12), for how the public should form

ip could be derived because the public knew the central bank reaction function

and had a complete characterization of how the news in the conditional forecast

should affect the arguments of that function. Even without additional structure, it

is possible to characterize some results about the information content of conditional

forecasts, however. We know that the public’s updated forecast must satisfy (21)

for each variable z. Stack (21) for, say, N different z variables announced by the

central bank to get,
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zp
N
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1

...

zc
N
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Γ1

...

ΓN













[

ip − ic
]

(23)

Treating all the superscript p variables (z’s and i’s) as unknown, this is a set of Nh

equations in (N +1)h unknowns. These form a set of restrictions that any mutually

consistent choice of (ip, zp
1 , . . . , z

p
N ) must satisfy. Because of the triangular form of Γ,

a more specific way of characterizing the restrictions is that beginning with the first

forecast horizon, these equations leave one degree of freedom in choosing the values

of N + 1 variables at each horizon. If the central bank announces two variables,

15 We will show that (15) can be solved for Γ below.
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π and x, then there is one degree of freedom in choosing (π, x, i) triplets at each

horizon. As in reality, we do not have an explicit reaction function or objective

function for the central bank. The public could, however, use its general knowledge

of the central bank’s goals to refine its choice among admissible (π, x, i) triplets.

This essentially completes the theory part of our support for the claim that

sharing a conditional forecast is an obscure way of encoding the central bank’s view

of the likely path of policy and the economy. The conditional forecast generates the

set of restrictions, (23), that should be satisfied by the public’s updated forecast.

The remaining step of choosing a forecast consistent with these restrictions will

depend on the particulars of the public’s knowledge of the central bank’s objective

function.

We can take the argument a bit further by showing that the coefficients, Γ, which

play a key role in the discussion, are themselves a commingling of more standard

parameters. Using the Toeplitz form of Γ, (21) can be written as,

zc
t+h − zcb

t+h =
h

∑

j=0

γzj(i
c
t+j − icbt+j) (24)

with γz = (γz0, γz1, . . . , γzh)′ and Γz = Q(γz). Equations (24) and (18) are identical

in form, but (24) is written in terms of the deviations between the unconditional

and conditional paths for policy, whereas (18) is written in terms of the implied

policy shocks.

The similarity of these two forms sometimes leads to confusion, with the γ’s in

(24) being interpreted as the impulse response of z to a policy shock. Of course,

the d’s form this response. A bit of algebra reveals that the γ’s are commingling

of the impulse responses of z and i to the policy shock. We will call the collected

γ’s the Γ-response to distinguish is from the conventional impulse response. As

noted above, two conditional forecasts allows the public to infer γ, but this is not a

parameter that is easily interpreted.
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3.4 Discussion

The previous section was quite general in that it put essentially no restrictions on

how the unconditional forecast was generated. The results flowed from assuming

that for modest policy interventions, the response to a policy shock was approxi-

mately given by a set of linear impulse responses for the variables in question.

The conditions of this analysis need not be met in practice. In our view, however,

if they are not met our main point is likely to be even stronger. Suppose that the

responses of the economy to different modest interventions differ in importantly

nonlinear ways. In this case it is difficult to see how one or two forecasts based on

arbitrary paths are of much value in informing the public about what would happen

under the particular path given by the unconditional.

Recently, a number of economists have argued in favor of announcing conditional

forecasts conditioned on some publicly observed measure of the public’s expectation

of policy such as a path implied by futures market prices. As noted above, some

central banks have moved to emphasizing such forecasts. Our analysis sheds some

light on the merits of this practice.

So long as the central bank is choosing among different conditioning assump-

tions, each of which would constitute modest policy interventions relative to the

unconditional, then the market-based path has no advantage over any other. Con-

ditioning on a publicly available measure of the market’s own forecast does not

reveal additional information of the central bank.

One advantage of the market-based path is that it is likely to be in the neigh-

borhood of the central bank’s own unconditional path for policy, and is, thus, likely

to constitute a modest intervention. At times, other conventional assumptions such

as a constant interest rate may be wildly counterfactual and the approximate lin-

earity of the response of the economy may be implausible. Indeed, a symptom of

this implausibility may be the breakdown of conventional means for generating a

model-based forecasts. In such cases, the conditional forecast will be difficult to

form and interpret. Thus, while the market-based path is not inherently more infor-
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mative than forecasts based on any other modest-intervention path, it may represent

a convenient way to pick a modest intervention path.

4 Forecasts and transparency in practice

In the previous section, we assumed that the central bank’s information is a superset

of the public’s and that both the central bank (CB) and the sophisticated public

use all information efficiently. Suppose that there is a possibility that the CB does

not use information efficiently—that is, there is some chance that the forecast is

systematically deficient in some respect.

The possibility that CBs are imperfect forecasters adds a potentially overwhelm-

ing element to the argument that conditional forecasts are an obscure way to encode

important information. Define z0 as the public’s forecast of z before seeing the

inflation report. Under the efficiency assumptions of the previous section, we can

write,

z0 − zc = Φ1 + Φ2

Φ1 = z0 − zcb

Φ2 = Γ(ic − icb)

The difference between the public’s unconditional forecast before seeing the report

and the conditional forecast in the report is due to two terms: Φ2 is due to the

forecast being conditional; Φ1 is the difference between the public’s unconditional

and the CBs. Since Φ1 is purely due to the CBs superior information, the public

simply wants to remove its best guess of the second term in order to deduce zcb.

Suppose that CB’s forecast is not fully efficient and that the CB makes systematic

errors—relative to its information set. Under this assumption, some portion of Φ1 is

systematic error in the CBs forecast, which can be predicted using the information

set of the public:

Φ′

1 = (CB inefficiency) + (CB superior info)
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In deciding how to update its forecast based on the conditional forecast of the CB,

the public now has to remove the effects of conditioning, but then must decide what

portion of the remainder is due to information superiority of the CB and which

portion is due to inefficiency of the CB.16

It is important to emphasize that for modest policy interventions, Φ2 may be

fairly small in magnitude: (ic − icb) may be small and the effect of such small

deviations on the economy, especially at short horizons, is also likely to be small.

Thus, the term in Φ′

1 due to inefficiency could easily dwarf Φ2 in magnitude.

4.1 Evaluating efficiency based on conditional forecasts

4.1.1 Background

How should the public go about deciding if the CBs unconditional forecast is ef-

ficient? If the CB only publishes conditional forecasts, this is a difficult problem.

Until recently, the best academic practice in analyzing CB forecasts seems to have

been to simply analyze the conditional forecasts as if they were unconditional, not-

ing that this is an unpleasant compromise. By this standard, some CB forecasts

have been found to be pretty good. Romer and Romer’s (2000) work shows that the

Fed’s Greenbook forecast outperforms conventional benchmarks and Sims (2002)

reaches a similar conclusion.17

Are these positive results? It is not clear that a forecast based on deliberately

counterfactual policy assumptions should perform well as an unconditional forecast.

Based on assumptions and results like those in the previous section, Faust and

Wright (2005) derive one way to test efficiency of an underlying unconditional fore-

cast based only on data from conditional forecasts. The test starts with a row of

(21):

zc
t+h − zcb

t+h =
h

∑

j=0

γzh(ict+h − icbt+h).

16 We note that if the CB uses information inefficiently in forecasting the policy rate, we could
similarly decompose Φ2. We ignore this point for simplicity.

17 For a slightly different result, see Faust, et al. 2004.
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If the CB forecast is efficient,

zt+h = zcb
t+h + νz,t+h

it+h = icbt+h + νi,t+h

where the ν’s are unforecastable by information known at t. Substitute out the CB

forecast using these efficiency conditions:

zc
t+h − zt+h = (

h
∑

j=0

γzh(ict+h − it+h)) + νt+h (25)

where νt+h gathers up the various ν terms. The error is correlated with (ict+h−it+h),

but not with any information available at t. Thus, we can estimate the equation by

instrumental variables using instruments in the time t information set. We can test

the efficiency of the CB forecast by augmenting the equation with predictors, wt,

known at t. If the unconditional CB forecast is efficient, no such w’s should explain

the error in this instrumented conditional forecast error model.

A byproduct of this procedure is a consistent estimate of the γ’s. Thus, in the

theory section we showed that two conditional forecasts allows one to calculate the

γ’s. Now we add that, so long as the γ’s are constant through time, a time series of

conditional forecasts at different points in time allows one to estimate the γ’s.

The econometric approach and Faust and Wright (2005) allows us to advance the

critical study of conditional forecasts. From the standpoint of this paper, however,

the most important lessons from Faust and Wright regards CB transparency.

First, these approaches are very complex: properly implementing these proce-

dures gets into complicated issues of instrumental variables estimation and the anal-

ysis of weak instrument econometrics. Forcing the public to use such techniques to

decode the inflation reports cannot advance the cause of transparency.

Second, due to short samples, these approaches will be of limited value to the

public. A back-of-the-envelope calculation may serve to illustrate this point. Sup-

pose that 33 percent of the variance of the forecast error of the CB is predictable

using publicly available information. This strikes us as an implausibly large value
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but will illustrate the point. A typical test statistic for forecast efficiency involves a

regression of the forecast error on variables known at the time of the forecast. The

statistic is approximately sample size times the marginal R2 from adding variables

known at the time of the forecast. Under the null hypothesis of forecast efficiency,

the statistic will be distributed as χ2 with degrees of freedom equal to the number

of predictors added. With 4 years of quarterly inflation reports (12 observations)

and a marginal R2 of 1/3, the p-value of this test will be 0.27 if based on three

predictors and 0.14 and 0.05 with 2 and 1 predictors, respectively. Even if the CB

is a very inefficient forecaster, evidence of this fact accumulates rather slowly. If

the inefficiency arises due to the combined effect of many sources of information,

the degrees of freedom will be large relative to the entire current history of inflation

reports and inferences will be imprecise.

4.1.2 Detail on methods

Since the BOE presents two conditional forecasts, our simplest results come from

computing the implied γ’s. The remainder of the results come from instrumental

variables estimation of equations of the form (25). Given this framework, three

choices remain. First, we can estimate these equations separately for each horizon

or jointly as a system. Using the single equation approach we do not impose that the

γ’s should be the same in each equation. In a system, we can impose this restriction.

We report both types of estimates.

Second, we need to choose instruments for ic − i, the ex post difference between

the conditioning path and the outcome for the policy rate. The instruments need to

be in the information set at the time the forecast is made. Because the conditioning

path is deliberately counterfactual, a natural choice of instrument is the difference

between the conditioning path and a good forecast of the policy rate at the time of

the forecast. Of course, the forward interest rate implied by the term structure of

interest rates provides a one good forecast of rates, so it is a natural instrument.

Third, we must choose alternate predictors, w. In most forecasting work, the
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forecast itself is used as a predictor of the error. This is our main source of alter-

native predictors. Of course, because of the simultaneity between interest rates and

inflation and output, anything that predicts the forecast error in output or infla-

tion might also help predict the ex post difference between the interest rate and the

conditioning path. Thus, we should also include our w’s as potential instruments.

Our efficiency test, then, amounts to a test of whether the instruments explain

the forecast error in any other way other than through their ability to prediction ic−

i. So long as there are more instruments than free parameters, γ, this can be tested.

In the linear IV case, this is tested using the standard Sargan test. As discussed

above, the test statistic is essentially the sample size marginal R2 from allowing

the instruments to enter directly rather than only entering as instruments. In the

GMM context with cross-equation restrictions, the generalization of the Sargan test

is Hansen’s J-test.

We report both estimates of γ and the associated J-tests, which we interpret as a

test of forecast efficiency. We report GMM estimates of the system from the contin-

uous updating criterion function and conventional asymptotically justified standard

errors based on the derivatives of the criterion function.

4.2 Data

We use the GDP and inflation forecast data published by the Riksbank and BOE.

The Greenbook data were obtained internally at the Federal Reserve Board, but

equivalent data are published (with the 5-year delay) on the Philadelphia Fed

website.18 The vintage GDP data for Sweden were provided by the Riksbank.

Some of the vintage data for the U.K. are on the BOE website; we augmented this

with data of our own construction. For the Riksbank and BOE inflation measures,

revisions are not an issue. The U.S. measure we study is the GDP deflator and is

revised. We constructed the required vintage data for the U.S. ourselves.19

18 Actually, some of the data such as the interest rate assumption data are not yet up, but will
soon be.

19 One could use the data on the Philadelphia Fed web site, but the vintages are not timed to
correspond with Greenbook forecasts. Our data are precisely timed to correspond to information
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For the BOE we study the quarterly forecasts from 1998:1 through the current.

For the Riksbank, we study 2001:1 through the current. For the Greenbook, we

study forecasts from Oct. 1988 through the last Greenbook in 1999.

For the BOE we have two conditional forecasts. One is based on a constant

policy rate assumption (denoted bar); the other on a policy rate path implied by

futures markets (denoted mkt). For the Riksbank, we have only a constant rate

(bar) forecast. For the Greenbook over this sample period, the assumption varies

and was sometimes constant and other times not. It was never simply a rate implied

by forward markets.

Some of our work relies on forward estimates of the policy interest rate implied by

financial markets. The BOE and Riksbank publish this information in the inflation

reports. For the BOE it is the rate used in the conditioning path of the market-

based forecast. We constructed the variable from Federal Funds rate and eurodollar

futures data for the U.S.20

Two additional issues must be mentioned. The BOE and Riksbank publish fore-

casts for annual percent changes. We have converted these to quarterly logarithmic

changes computed as 400 log(xt/xt−1). Some of our results are reported for annual

changes, calculated as 100 log(xt/xt−4).

Finally, with all forecast work involving vintage data, there is a question about

what to treat as the final data in computing forecast errors. People differ on the

appropriate approach.21 In this paper, for any forecast done in quarter t we use the

data as they stood about 2 years later in computing the forecast errors. Thus, when

our work involves computing forecast errors, this shortens the available sample of

forecasts.

used in constructing the Greenbook forecast.
20 The approach to construction is described in Faust, Rogers, Wright and Wang, (2003).
21 For a discussion of this issue, see Faust, et al. (2005).
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4.3 Results

CBs and others have performed forecast evaluations before. Each of these banks

performs regular analysis of the forecasts and the inflation targeters commission ex-

ternal reviews of their work, including the forecasts. Work by the Bank of England

(2004) shows that their inflation forecast is pretty good by conventional standards,

but the GDP forecast is not as good. Several authors have pointed out that the

Riksbank and BOE forecasts have somewhat puzzling features when viewed as con-

ditional forecasts (Faust and Henderson, 2004; Leeper, 2003; Goodhart, 2005). In

particular, over most of the history of the published forecasts, the inflation fore-

cast conditioned on a constant policy path returned to the inflation target at the

relevant horizon stated by the bank. Given the inflation targeting framework, this

would seem to imply that no change in rates would be predicted. In practice, rates

were changed regularly, and the changes were quite predictable.

Since our goal in this paper is to critique the use of conditional forecasts as

communication devices and not thoroughly to critique the forecasts themselves, we

only present some illustrative results to make two points: it would be reasonable for

the public to question the efficiency of CB forecasts; in the face of such questions

the interpretation of conditional forecasts is muddied considerably.

4.3.1 BOE Γ-responses implied by pairs of conditional forecasts

One might wonder what the Γ-responses ought to look like. As a frame of reference,

we take a conventional set of impulse responses to a policy shock for the U.S. as

reported in (Faust and Rogers, 2003). The impulse responses and the implied Γ

responses are shown in Table 1. The policy shock is normalized to have a unit effect

on rates initially which rises for a period and then decays. The response of output is

zero on impact by assumption and then monotonically increases in magnitude over

the 5 periods shown. While the effect of the shock on output is largest at lag 5 this

effect is attributable to all the implied policy shocks from time 0 through 5; thus,

the Γ response at lag 5 is smaller than at lag 4.
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The Γ-responses implied by pairs of BOE forecasts in each inflation report are

shown in Table 2. The main impression one gets is that the implied responses

are quite variable across inflation reports. Further, across lags in a given row,

the responses often fluctuate in sign and appear explosive. In short, it is difficult to

imagine that the public could learn something valuable about the CBs understanding

of policy effects from these responses.

As Archer (2004) emphasizes, in a judgmental forecasting framework, it is very

difficult to create a set of forecasts that have the sort of structure and internal

consistency that would allow us to derive the sort of inferences we are attempting

here. This may be a further reflection of the point emphasized by Goodhart (2005)

that the forecast seems to imply that no change in policy would be required, but in

fact policy changed regularly and in a predictable manner.

4.3.2 Estimated Γ-responses and efficiency tests

Estimated Γ-responses and efficiency tests are presented in Table 3. For the inflation

and GDP forecasts of each bank, we present estimates from both single-equation

and systems estimates. For the single-equation estimates for horizon h, we use the

difference between the forward rate and conditioning path for horizons 0 through h

and the forecast at horizon h giving rise to the left-hand side forecast error. For the

system of equations 0 through h, we use only the 0 through h interest differentials.

Although not strictly necessary, we include a constant in each equation.

Our reasoning about small samples and the Table 2 results for the BOE suggest

that erratic γ estimates might be expected. This is what we find. Across different

rows of the table, the point estimates differ greatly. On any row, the estimates often

oscillate in a manner that may indicate explosive behavior. Generally the standard

errors of the point estimates are at least as large as the point estimates.

The J-tests give a bit of evidence against forecast efficiency, mainly for the GDP

portions of the forecast. The p-values are sometimes near or below 10 percent, for

example. As noted above, even if the forecasts are quite inefficient, we would only
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expect weak evidence from the small sample that we currently have on hand.

We include estimates for the Federal Reserve’s Greenbook forecast as a basis for

comparison. In this case we have 85 observations and might expect better results.

In general, the point estimates vary much less across rows and the standard errors

are much smaller. It is still true, however, that many of the coefficients are not

statistically different from zero at conventional significance levels.

The overall conclusion we take from this is that evidence on the γ’s and on

forecast efficiency accumulates slowly. Thus, if the public believes that there may

be some forecast inefficiency or needs to infer γ to interpret the CB’s conditional

forecast, it may take decades for inferences to be anything but very hazy.

5 Discussion

There seems to have been an aura that conditional forecasts as published in some

inflation reports have played an important role in communicating about policy.

Some informal reasoning goes like this: if the forecast under fixed policy shows

inflation going up, that signals that the CB is likely to tighten. The Riksbank

even embedded this logic in a rule of thumb (Sveriges Riksbank, 2003).22 As Faust

and Henderson (2005) emphasize, even this simple reasoning does not hold with

multiple goals as under flexible inflation targeting. In this case, one would need a

statement about real activity and some information about how to balance the goals.

To correctly reason about the trade-off requires analyses of the impulse responses

of both output and inflation to a policy shock, leaving us with precisely the messy

sort of analysis we provide above.

Our view is probably clear, but in the interests of transparency we will state it

unambiguously. Conditional forecasts as they have generally been published to date

in some inflation reports have been of little, if any, value. It would be difficult to

directly verify the value of the forecasts, positive or negative. Given the properties

cited above, it seems to us that the forecasts have had as much potential to confuse

22 With the new emphasis on the market-rate forecast, this rule of thumb has been de-emphasized.
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as to clarify.23

One lesson from this analysis might be that the CBs should improve the quality

of the conditional forecasts. The suggestion to make better forecasts is, of course,

uncontroversial. From the standpoint of transparency, however, improving the con-

ditional forecasts represents an attempt to improve the code used to encode the

message. We take a different lesson. Abandon the code and attempt to communi-

cate directly: state a view about where policy and the economy are headed.

To be a bit more concrete, we suggest that to maximize transparency, the CB

should publish an unconditional forecast of the policy rate and goal variables. For

simplicity, we have limited the analysis in the paper to point forecasts and have not

discussed higher moments. Thus, it is important to emphasize that any published

forecasts should come with measures of forecast uncertainty. Taking the uncondi-

tional forecast as a baseline, it would probably also be a good thing to publish one

or more alternative scenarios based on conditioning assumptions regarding policy

rates or other variables of particular interest, such as oil prices.

We now take up some objections to this proposal. It might be asserted that the

CB generally has very little in the way of better information than the public. Thus,

the analysis of the paper may not be very important. We agree that CBs in general

are doing very well on transparency and there may not be huge gains left to realize.

While this may be true on average or most of the time, there may come particular

events when the CB and public views diverge. In such cases, having in place a good

communication policy may be of considerable value.

Further, it is worth emphasizing that our argument need not rest on the CB

having a better assessment of the economy than the public. Whether or not the CB

forecast is better than that of the public, the forecast will be of value to the public

since it will be the basis of policy. In addition, a clear statement of the bank’s views

will allow the public to monitor better the performance of the CB.

Another argument against our main conclusions is that using conditional fore-

23 For example, what was the public to make of constant policy forecasts with inflation always
returning to target combined with regular, serially correlated policy changes?
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casts based on the market path attains most of the benefits of our proposal. We think

this is not the case. While the market path has the benefit of probably constituting

a modest policy intervention, other than this technical benefit, the market-based

conditional is no better than any other. Perhaps the easiest way to see this is to

consider the case in which the public’s view of the future of policy is different from

the CBs. While this may be the case in which a good inflation report is most needed,

a forecast based on the public’s own view of policy cannot reveal the CB’s view.

Indeed, while the market rate assumption has no more information about policy

than any other (modest) conditional, it is potentially more confusing. The public is

not likely to confuse the constant rate assumption with the CBs view of where policy

is headed. In the case of the market-based assumption, the public may naturally be

inclined to wonder if the CB is ratifying the view in the market path.

The tension here is reflected in the different stances that the BOE and Riks-

bank take toward the market assumption. The Bank of England acknowledges that

forward rates embody the market’s view of future policy decisions and labels the

projections—at least of inflation and output—the “best collective judgement” of the

Monetary Policy Committee [Bank of England (2005)]. Taken literally, this seems

to require, however, that the market’s view of where policy is heading always reflects

the best judgement of the Committee—even before the report is published. If this

were not so, the the conditonal forecast should not reflect the committees view of

the likely path of the economy. Of course, if the Committee’s view of policy is al-

ready fully reflected in the market—even before publication of the report—then it is

not clear what role the report is to play in transparency. In contrast, the Riksbank

does not explicitly link forward rates to expected policy and its Inflation Report

states that the conditioning path “should not be interpreted as the monetary pol-

icy assumption the Executive Board considers most probable” [Sveriges Riksbank

(2005), p. 5]. If not, then what path is considered most probable? In our view

the market-based conditional forecast answers few of our objections, but raises new

questions.
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The next objection to our proposal is that it is infeasible: unconditional fore-

casting is simply demanding. Unconditional forecasting is less demanding than con-

ditional forecasting, in our view. Unconditional forecasting does not require making

controversial identifying assumptions in order to estimate the impulse response to

a policy shock, for example.

A different version of this objection is that at some central banks, such as the

Federal Reserve, the sheer number of decisionmakers (19 on the FOMC) renders

reaching a consensus on a forecast infeasible. This is a very serious issue and we

do not take it up in this paper. At the inflation targeting banks that are currently

publishing a conditional forecast, forming an unconditional forecast should not be

more demanding than forming a conditional.

Finally, we return to the point that releasing a forecast of the policy rate would

somehow damage the policymaking process. For example, the CB might later find

it difficult to diverge from the point forecast, even when it is appropriate to do

so. Alternatively, deviation from the point forecast might be seen as failure and,

hence, diminish credibility. More generally, markets might simply overreact to rate

forecasts.

We believe that if the rate forecast comes with an appropriate uncertainty mea-

sure, these problems may be minimized. Publishing alternative scenarios that show

that policy will differ depending on how the economy evolves could also help. Banks

such as the RBNZ and Bank of Norway are providing some empirical evidence on

these claims. We have seen no measurable costs so far, but such costs might be

hard to observe or arise only in especially challenging times. In the end, however,

we cannot solidly reject the traditional view against central bankers discussing in-

terest rates.

6 Conclusions

This paper argues that the most important aspect of central bank transparency is

communication about the future path of the policy rate. Despite great progress on
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transparency, communication on this topic remains shrouded in an obscure code.

Central banks can enhance transparency by providing, in decreasing order of impor-

tance: i) an unconditional forecast of the policy interest rate; ii) an unconditional

forecast of goal variables; iii) conditional forecasts of rates and goal variables. Of

course, this is advice about increasing transparency, but does not establish that

doing so would be good.

Of course, the first of our suggestions rejects one of the strongest taboos regard-

ing central banker communication: never talk about the future of rates. Perhaps this

taboo is well founded. As the experiences in New Zealand and Norway demonstrate,

however, disaster need not follow discussing the future of policy in a relatively direct

way. At the very least, it is time to thoroughly review the basis of this taboo.
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Appendix

To be provided
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Table 1. Impulse response of interest rate and out-
put and implied Γ-response of output in a standard
monetary VAR

hor: 0 1 2 3 4 5

i 1.00 1.52 1.34 1.25 0.99 0.60
100 bh 0.00 -0.25 -0.58 -1.19 -1.79 -2.35
100 γh 0.00 -0.25 -0.20 -0.55 -0.37 -0.55

Notes: The estimates come from Faust-Rogers (2003) replication of an open
economy VAR of Eichenbaum and Evans (1995). These are for a 7-variable
model of the U.S. and U.K. and represent the response of U.S. output growth
to a policy shock that initially raises the policy rate by 1.



Table 2a. Γ-Responses for inflation implied

by pairs of BOE Forecasts

hor: 0 1 2 3 4 5

1998:1 0.00 0.00 -2.37 11.75 -2.77 -215.35

1998:2 0.00 0.00 -0.50 3.14 -9.85 21.43

1998:3 0.00 0.00 0.00 0.00 0.00 0.00

1998:4 -0.54 -3.81 -25.61 -187.24 . .

1999:1 16.57 . . . . .

1999:2 0.00 0.00 -0.23 0.52 -0.84 1.15

1999:3 0.39 -0.66 0.27 1.53 -1.27 3.39

1999:4 0.00 -0.29 -0.08 -1.04 -1.63 -7.39

2000:1 0.00 0.70 4.42 32.44 230.24 .

2001:1 0.00 0.00 1.32 16.78 216.94 .

2001:2 0.00 0.00 0.00 0.00 1.20 6.73

2001:3 0.00 0.00 0.00 0.00 0.00 -0.56

2001:4 0.00 0.00 0.00 0.00 -0.23 0.69

2002:2 0.00 0.00 -1.32 8.62 -31.29 73.07

2003:1 0.26 -0.34 0.45 -0.18 -0.25 -0.23

2003:2 0.00 0.00 0.00 1.36 -18.01 203.36

2003:4 0.00 0.00 1.30 15.29 208.80 .

2004:1 0.00 0.00 0.00 0.63 3.32 15.69

2004:2 0.00 0.00 0.00 1.26 12.66 119.47

2004:3 0.00 0.00 0.00 -0.18 0.35 -0.88

2004:4 0.00 0.00 0.00 0.00 0.14 -0.22

ave. 0.79 -65.66 . . . .

min. -0.54 . -25.61 . . .

max. 16.57 0.70 . 32.44 . .

Notes: See the notes at end of Table 2b.



Table 2b. Γ-Responses for output growth im-

plied by pairs of BOE Forecasts

hor: 0 1 2 3 4 5

1998:1 21.19 -133.44 204.58 . . .

1998:2 3.01 -14.28 35.79 -69.56 120.46 -192.33

1998:3 0.47 -1.10 0.52 -0.99 1.60 -0.34

1998:4 -1.64 -7.16 -54.84 -393.42 . .

1999:1 -8.40 683.80 . . . .

1999:2 0.00 -0.24 0.29 -0.10 0.50 -1.01

1999:3 0.00 0.00 1.16 -1.21 3.75 -0.58

1999:4 0.00 0.00 0.58 1.04 3.76 9.65

2000:1 0.00 0.69 6.47 44.74 320.58 .

2001:1 0.00 2.63 36.11 468.87 . .

2001:2 0.00 1.20 7.91 49.16 298.21 .

2001:3 0.00 -0.56 0.53 -0.67 0.32 -0.21

2001:4 0.00 -0.23 0.23 -0.23 -0.19 -1.11

2002:2 0.00 -0.66 0.72 -0.37 -2.42 12.12

2003:1 -0.26 0.08 -0.11 -0.02 0.08 0.16

2003:2 -1.36 15.29 -172.84 . . .

2003:4 0.00 1.30 19.20 259.86 . .

2004:1 0.00 2.49 10.55 49.26 232.73 .

2004:2 1.24 16.11 146.79 . . .

2004:3 0.00 -0.35 0.87 -1.89 3.88 -7.29

2004:4 0.00 0.14 -0.22 0.13 -0.07 0.32

ave. 0.68 26.94 . . . .

min. -8.40 -133.44 . -393.42 . .

max. 21.19 683.80 204.58 . . .

Notes: These are the Γ-responses as described in the text computed from

pairs of BOE forecasts where the forecasts are taken from the IR with the

date noted in the relevant row. Where there is only a dot, the value in

question was greater than 999. Rows for a few IRs are missing; this occurs

when the pair of interest rate paths does not differ sufficiently to meet the

invertibility condition.



Table 3a. Bank of England estimated Γ-responses and forecast efficiency tests

h: 0 1 2 J-test

BOE, inflation, system
γ -26.06 . . .
se (64.93) . . .
γ -0.86 -0.99 . 0.77
se (1.24) (11.04) . (0.68)
γ -1.30 3.01 7.83 2.47
se (1.40) (4.51) (17.89) (0.78)

BOE, inflation, single
γ -21.38 . . 0.01
se (113.94) . . (0.94)
γ 1.24 -40.94 . 0.01
se (7.17) (148.96) . (0.92)
γ -3.48 4.42 51.98 0.04
se (21.55) (24.03) (188.42) (0.84)

BOE, GDP, system
γ 75.28 . . .
se (158.32) . . .
γ -1.61 -6.44 . 3.50
se (2.36) (22.29) . (0.17)
γ -1.69 -0.79 19.98 4.93
se (0.89) (2.55) (18.69) (0.42)

BOE, GDP, single
γ -42.88 . . 3.05
se (19.55) . . (0.08)
γ -1.00 2.84 . 1.72
se (4.77) (58.17) . (0.19)
γ 2.80 -4.51 -30.64 3.04
se (3.50) (4.95) (19.69) (0.08)

See notes at end of table.



Table 3b. Riksbank: estimated Γ-responses and forecast efficiency tests

h: 0 1 2 J-test

Riks, inflation, system
γ 6.99 . . .
se (4.57) . . .
γ 1.56 -8.04 . 0.49
se (6.24) (31.03) . (0.78)
γ -1.76 8.70 -27.66 1.91
se (2.05) (5.07) (11.08) (0.86)

Riks, inflation, single
γ 9.78 . . 0.34
se (8.62) . . (0.56)
γ 1.11 -5.52 . 0.61
se (7.60) (40.20) . (0.43)
γ -4.96 6.36 3.34 0.22
se (12.05) (19.03) (28.88) (0.64)

Riks, GDP, system
γ -8.81 . . .
se (7.88) . . .
γ -8.40 40.60 . 0.20
se (26.84) (136.78) . (0.91)
γ -4.01 21.16 -92.79 3.74
se (1.35) (6.79) (30.64) (0.59)

Riks, GDP, single
γ -44.96 . . 2.46
se (26.10) . . (0.12)
γ -8.83 16.21 . 0.85
se (17.18) (85.76) . (0.36)
γ -4.48 4.43 -1.27 1.20
se (12.16) (20.74) (28.16) (0.27)

See notes at end of table.



Table 3c. Fed: estimated Γ-responses and forecast efficiency tests

h: 0 1 2 J-test

Fed, inflation, system
γ 0.23 . . .
se (1.30) . . .
γ 0.10 -1.90 . 0.03
se (0.33) (1.07) . (0.98)
γ 0.34 -0.89 -1.97 5.44
se (0.33) (0.58) (1.15) (0.36)

Fed, inflation, single
γ 0.17 . . 0.35
se (1.29) . . (0.55)
γ -0.14 -1.01 . 2.67
se (0.76) (2.37) . (0.10)
γ 0.32 -0.36 -1.56 3.12
se (1.13) (2.38) (2.23) (0.08)

Fed, GDP, system
γ -2.72 . . .
se (1.96) . . .
γ 0.43 -1.84 . 2.76
se (0.77) (2.37) . (0.25)
γ 0.90 0.54 2.96 8.89
se (0.67) (1.27) (2.94) (0.11)

Fed, GDP, single
γ -1.96 . . 0.62
se (2.45) . . (0.43)
γ 2.60 -6.05 . 1.56
se (1.43) (5.45) . (0.21)
γ 1.31 1.83 -3.77 1.09
se (10.74) (20.99) (17.75) (0.30)

See notes next page.



Notes: Each row of the table presents the results of a separate 2-step GMM
estimation of a system of the form (25). The rows labelled γ give the point esti-
mate and the rows labelled se give the standard error for the estimate just above.
The J-test column gives the value of the J test statistic and associated p-value in
parenthesis. In the system blocks, the model is a joint treatment of the equations
for horizons zero through h with the γs the same across equations. In the single

blocks, the estimation is for the equation for horizon h. Instruments for the various
models are noted in the text.


