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a Prepared for the conference “The SNB’s New Monetary Policy Framework Ten Years On,” 
that took place on 29/30 October 2009 in Rüschlikon, Switzerland.
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What Output and Which Gap?

The output gap is an elusive concept because it is not directly observable. And 
yet, it plays a central role in the assessment of the business cycle and in traditional 
formulations of monetary policy rules.

The output gap is defined as the difference between the natural level of 
output – or NAIRU output – and the actually achieved level. Theories of busi-
ness cycles suggest that this gap is self-correcting, and thus actual output fluctu-
ates around the (stochastic) natural output. Estimating the output gap is difficult, 
because even though actual output can be measured (although with a signifi-
cant amount of imprecision and a considerable time lag), the natural output level 
cannot be measured directly, but must be estimated. The usual way to go about 
this is to use some form of ad hoc smoothing. Any deviation of actual output 
from some (more or less sophisticated) moving average is called the “output gap.” 
This chartist’s approach to measuring the business cycle is very pragmatic, very 
simple, and most likely very wrong.

Leist and Neusser attack the problem more fundamentally. They estimate the 
gap by interpreting it through the lens of a New Keynesian macro model. The 
authors distinguish three concepts of output. First, there is potential output (ln Z 
in their notation). This is the equilibrium output that would prevail in a fric-
tionless Walrasian equilibrium given available factors and technology. It seems 
to me that this should be an upper bound for actual output and not a trend 
around which output fluctuates. The authors assume that potential output is 
difference stationary. An alternative, which personally I find more compelling, 
but which the authors do not discuss, is to assume that potential is trend station-
ary. Secondly, there is natural output (yn). This is “the level of output that would 
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prevail under imperfect competition, but with flexible prices and wages” (L 
and N, first paragraph of the introduction). Finally, there is the observed 
actual output (y).

The difference between actual and potential output is thus split into two 
parts. On the one hand, the difference between potential and natural output is 
due to all non Walrasian features (such as imperfect competition), except any-
thing related to inflexible prices. On the other hand, the gap between natural 
and actual output is due only to imperfectly flexible nominal prices, but not to 
imperfect competition or other non Walrasian features of the economy. This dis-
tinction appears somewhat artificial, because price inflexibility may stem partly 
from a lack of competition. And yet, the distinction is helpful because only the 
gap between natural and actual output (x = y − yn ) is likely to self-correct and 
fluctuate around zero. In contrast, there is no clear argument why the difference 
between natural and potential output ( yn − ln Z ) should be zero on average, so 
this item is unsuitable as a measure of the business cycle. Of course, one should 
not forget that fluctuations of this natural-vs-potential gap do contribute to fluc-
tuations of actual output. Likewise, fluctuations of the potential output proc-
ess itself also contribute one-for-one to fluctuations of actual, observed output. 
Indeed, this used to be the punch line of old real business cycle theory. But fluc-
tuations that are due to such reasons are outside of the scope of policy instru-
ments that operate on the demand side, such as fiscal or monetary policy, so there 
is not much we can do about them.

Where Has the Gap Gone, and What Does it All Mean?

Leist and Neusser estimate a DSGE model which features some improvements 
over the basic version of the model. In particular, their model features habits and 
an open economy block. They calibrate some of the coefficients and estimate 
the rest. From the estimated model and the observed data, they can then iden-
tify the part of the fluctuations of actual output that are due to the gap in the 
traditional sense (i.e. the difference between actual and natural output). They 
find that this contribution is very small. In fact, the gap appears to be almost 
zero throughout their sample.

This is a shocking result, because it goes so strongly against the common preju-
dice. First of all, it means that the lion’s share of output fluctuations must be due 
to fluctuations of natural output. These fluctuations can be due to changes of the 
natural-vs-potential gap, or they can be due to fluctuations of potential output 
per se (due to changes in the availability of factors or productivity innovations). 
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This is a classic real business cycle story. It implies that policy cannot do much 
to smooth the fluctuations of output we observe in the data.

Secondly, this result raises the question of how important the role of output 
stabilizing policy really is in Switzerland. One explanation for the fact that the 
gap is essentially zero is that nominal price rigidities are not important. That 
would mean that there is no scope for monetary or fiscal policy to smooth the 
business cycle. Another, almost orthogonal explanation would be that monetary 
and maybe also fiscal policy have been so successful in smoothing the business 
cycle that almost none of it remains in the data. So, the absence of an important 
output gap can either indicate the irrelevance of business cycle smoothing poli-
cies, or the overwhelming success of it.

At this point, it is not clear which interpretation is correct. What does come 
out of the estimation, however, is that nominal price rigidity is less important 
than what the authors expected beforehand. One measure of nominal price 
rigidity is the Calvo parameter, θ. This parameter indicates the probability that 
a firm is not allowed to change its price between two consecutive periods. θ ≈ 1 
indicates very rigid nominal prices, θ = 0 indicates completely flexible nominal 
prices. The authors’ expectation prior to performing the estimation was that 
0.75 < θ < 0.8, based on a study by Sylvia Kaufmann. This assumption, together 
with the calibration of the discount factor β, implies a coefficient κ ≈ 1; κ is an 
important parameter which is proportional to the slope of the Phillips curve. This 
κ, however, is estimated as 0.32, meaning that the Phillips curve is about three 
times as steep as originally expected by the authors. The Phillips curve parame-
ter κ and the Calvo parameter θ are related to each other in a quadratic fashion, 
κθ = (1 − θβ)(1 − θ), so one can back out the value of the Calvo parameter that 
is implied from the estimated κ. One finds that θ ≈ 0.57. That means that price 
rigidity is not irrelevant (θ is far from zero), but still considerably less important 
than what the authors originally believed.





© Swiss Society of Economics and Statistics 2010, Vol. 146 (1) 305–311

1 Defined as the level of output that prevails under imperfect competition in the absence of 
price and wage rigidities.

2 More precisely, it ensures constant inflation at the pre-specified steady-state value, which can 
be different from zero in certain applications.

3 At least within a New-Keynesian environment, which is the framework chosen by the authors.
4 With the obvious caveat that the estimates will depend strongly on the model specification.
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The natural level of output1 is a concept of paramount importance for monetary 
policymakers. Besides ensuring zero2 inflation, it is the best allocation3 that sta-
bilization policy can achieve (G and K, 2001; W, 2003) 
and thus a natural benchmark for central banks.

Yet, the natural level of output cannot be observed. Identifying and estimating 
it is a difficult endeavor that requires a general equilibrium model of the econ-
omy.4 This paper makes a first serious attempt at conducting such an exercise for 
Switzerland and should be praised for that.

However – and despite the use of state of the art econometrics – I argue that the 
failure of the model to explain variations in domestic inflation casts some doubts 
on its ability to really identify and estimate natural output in Switzerland.

A Closer Look at the Results

The authors’ model-based estimation of the natural level of output results in a 
measure of the output gap that is at odds with traditional (HP) filtered measures. 
As shown in Figure 3(a) of the paper, the Swiss natural output gap does not seem 
to fluctuate at all, meaning that the level of output corresponds, by and large, to 
the natural level of output over the estimation period.

Although this result could be interpreted as a confirmation that monetary 
policy in Switzerland was conducted optimally during this period5, some cau-
tion is warranted.
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5 Of course, an alternative interpretation is that the shocks have been particularly small since 
1996.

6 By assuming no indexation, like the authors do.
7 The term “fundamental inflation” was coined by J. Galí and relates to the isomorphic formula 

used to compute the fundamental value of an asset based on its future discounted returns.
8 Note that the fundamental domestic inflation rate is computed by using, in each case, equa-

tion (1), the authors’ estimates of κ, τ, λ and γ f and by assuming the same AR(1) process for 
all output gaps, natural and filtered alike.

9 It is worth mentioning here that the SNB defines price stability in terms of yearly CPI infla-
tion below 2%, and not in terms of quarterly domestic inflation, as depicted here to comply 
with the model definition of inflation.

If the estimated natural output gap (LN) is to be considered a preferable meas-
ure of slack in the economy, it must be the case that it improves upon filtered 
alternatives (Hodrick-Prescott (HP), multivariate HP (MHP), linear detrending 
(LT), production function (PF)) when it comes to explaining domestic inflation. 
This must be true, at least, within the model environment. Solving forward6 the 
NKPC (equation (3.3) in the paper) yields:
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which shows that fundamental7 domestic inflation is a function of current and 
future output gaps. Figure 1 compares fundamental domestic inflation rates – 
obtained using alternative measures of the output gap – to actual domestic infla-
tion data. The contrast between the rate of inflation implied by the natural 
output gap and by more traditional filtered methods is striking.8

The bold red line is the historical quarterly domestic inflation rate, the bold 
green line represents the fundamental inflation rate based on the natural output 
gap (LN) and the thin lines represent the fundamental inflation rates based on the 
more traditional filtered methods. Although low during most of the period, domes-
tic inflation still displays very clear cycles and even – on two occasions, in 2000 
and 2008 – crosses the 2% (in annualized terms) threshold.9 Surprisingly maybe, 
and despite the ad hoc nature of their detrending procedure, traditional measures 
of the output gap give rise to estimates of domestic inflation that are more or less 
in line with actual inflation, whereas the authors’ computed natural output gap is 
clearly off the mark, predicting constant inflation of 1% over the whole period.
How can we explain such a surprising result? In my view, there are two issues, 
mainly, related to the model specification and the estimation strategy, that I will 
address in turns in the next two paragraphs.
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10 Previous experiments with DSGE-CH, a dsge model of the Swiss economy developed at the 
SNB, have shown that i) local currency pricing in export and import markets, ii) real wage 
rigidity and iii) the incorporation of oil as an input to production and consumption are crucial 
features of a model able to replicate the dynamics of output and inflation in Switzerland.

Issue #1: Model Specification

My first concern is that the model may be too simple to be considered a realis-
tic model of an open economy. Especially if it is to be taken to the Swiss data. 
The authors assume complete markets, perfect risk-sharing, the law of one price 
between foreign and domestic goods and a unique, worldwide productivity trend, 
which allows them to derive a very simple and elegant expression for the natural 
level of output, deemed proportional and negatively correlated to world output 
(as implied by equation (3.5)).10

Figure 1: Quarterly Domestic Inflation Rates,  
as Implied by Natural or Filtered Output Gaps
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11 See H (1994), chapter 13, for a description of the identification problem with the 
Kalman filter.

But perfect risk sharing also implies that current accounts must be zero at all 
times, which stands in stark contrast with Switzerland’s experience over the last 
fifteen years, when current account surpluses have kept increasing to reach excep-
tional levels by international standards. Moreover, trend productivity is lower in 
Switzerland than in the rest of the world, a characteristic that is partly reflected 
in lower real interest rates. Finally, ample empirical evidence as shown that the 
law of one price does not hold in the short run.

In order to get reasonable parameter estimates despite the simplicity of the 
model, something has to give. The authors chose to treat foreign variables 
as unobserved states, estimated with a Kalman filter. I argue below that this 
approach has important drawbacks in the present context as important informa-
tion to the identification and estimation of natural output is ignored.

An obvious alternative is to relax the simplifying assumptions. Clearly, this 
would complicate the analysis. Natural output would still be a function of for-
eign output, but also of domestic productivity, the real exchange rate and Swit-
zerland’s net foreign asset position. In addition, a closed form solution for the 
natural level of output would no longer be available. But this extra complexity 
would allow to loosen the straightjacket that the present version of the model 
imposes on the data and to use a larger information set to help identifying and 
estimating natural output.

Issue #2: Estimation Strategy

The authors rely on five quarterly time series (CPI inflation, 3M Libor, changes in 
the terms of trade, Swiss real GDP growth (∆GDP), change in nominal exchange 
rate) over the period 1997:2–2009:2 to estimate the model parameters and to 
filter out Switzerland’s natural output gap, foreign output (y∗) and inflation, 
as well as the common worldwide technological stochastic trend (z) using the 
Kalman filter.

This is a lot of information to be extracted from only five observable time 
series! In particular, the state-space representation of the model shows that ∆GDP 
is related to two AR(1) processes for y∗ and z, both of which are treated as unob-
servable. The difficulty is that in the absence of more structural differentiation, 
the Kalman filter is not able to separately estimate the variance and persistence 
of these two processes, thus leaving them unidentified.11 This in turn affects the 
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12 Most of Switzerland’s trade is conducted with the Euro area. Using OECD GDP instead would 
not alter the message.

estimation of the natural output gap since the natural level of output is a nega-
tive, linear function of y∗ in the model.

Some reverse engineering can illustrate the extent of the problem. If the output 
gap was closed during the whole period, as estimated by the authors, this would 
imply that Swiss real GDP was also negatively correlated with foreign output 
(as imposed by equation (3.5)), a pattern clearly at odds with actual data12, as 
Figure 2 shows.

Figure 2 : Swiss and Foreign GDP Growth
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Artificially increasing the number of unobserved state variables, as is done in this 
paper, relaxes the (too restrictive) constraints imposed by the model on the data 
but at the risk of compromising its ability to identify the truly unobservable nat-
ural output gap. I would therefore encourage the authors to at least use available 
information on y∗ when estimating the model. More generally, they should make 
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13 The authors mention their reluctance to add measurement errors to the model. I would argue 
that allowing for different productivity trends and markup shocks in foreign and domestic 
economy would go a long way towards solving the problem. An alternative would be to rely 
on limited information estimation methods like GMM or SMM (R-M, 2002).

14 The level of output that would prevail under perfect competition and f lexible prices and 
wages.

use of all available information on foreign and domestic variables13, or show that 
the model – if it is to be trusted as a reliable model of the Swiss economy – is able 
to capture reasonably well the dynamic behavior of these series.

Is Closing the Natural Output Gap Always Optimal ?

The natural level of output is an important benchmark for monetary policy. 
However, as some recent papers have shown, closing the natural output gap 
by aiming at zero inflation in all periods may not be the optimal stabilization 
policy if, for instance, the cyclical fluctuations are due to markup or distortion-
ary tax shocks (W, 2003), if oil price shocks interact with real rigidi-
ties (B and G, 2007), or if they lead to time-varying cost shares 
(N, 2009).

In these cases a monetary policy trade-off arises so that perfectly stabilizing 
inflation (however defined) may turn out to be quite costly. How costly will 
depend on the type and the size of the shocks hitting the economy, on the dif-
ferences between the responses of natural and efficient14 output and on the wel-
fare cost of inflation.

Whether or not a closed natural output gap is the best allocation possible in 
Switzerland is thus an empirical question that can only be answered by estimat-
ing a micro-founded model of the Swiss economy. It is a challenging endeavor 
and this paper is a welcome first step in that direction.
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