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1. Introduction 

 Twenty years after the identification of the price puzzle by Sims (1986), the current 

literature still contains many examples of papers that either acknowledge the existence of the 

puzzle or propose new solutions. The puzzle consists of the fact that in many structural VARs, an 

unexpected monetary tightening leads to an increase in inflation, not to a decline as intuition and 

theory would suggest. 

 Existing solutions to the puzzle normally introduce additional structure in the model to 

absorb at least some of the counterintuitive positive correlation between interest rates and 

inflation. In contrast, this paper uses a standard fact of monetary economics to solve the puzzle 

by simplifying the model. It is widely accepted that there exist long lags between changes in 

monetary policy and the consequent effects on inflation. When the structural VAR is adjusted to 

reflect this fact, the price puzzle disappears. 

 

2. The price puzzle and earlier solutions 

 We begin with an illustrative simple structural VAR that exhibits the price puzzle. The 

VAR contains three variables: real GDP growth, CPI inflation, and the federal funds rate. The 

shock structure is identified by Choleski factorization with the above ordering. This order 

matches Sims (1986) and gives the funds rate equation the flavor of a Taylor rule. However, the 

precise order is inconsequential for our purposes. The model is estimated with quarterly U.S. 

data from 1955 to 2005, with CPI and the funds rate aggregated as quarterly averages of monthly 

figures. Growth rates are annualized quarterly log changes. We may write the three equations as 

 10 11 1 12 1 13 1 1( ) ( ) ( )t t ty a a L y a L a L rt tπ ε− − −= + + + +  (1) 

 20 21 1 22 1 23 1 2( ) ( ) ( )t t t ta a L y a L a L r tπ π− − −= + + + +ε  (2) 
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 30 31 1 32 1 33 1 3( ) ( ) ( )t t tr a a L y a L a L rt tπ ε− − −= + + + + . (3) 

In the standard formulation, all the  are lag polynomials containing all powers from 0 to 

.  

( )ija L

1n−

 Figure 1 presents impulse responses over 20 quarters for the model with , with error 

bands derived by Monte Carlo methods as suggested by Sims and Zha (1999). The solid line is 

the median of the simulated distribution and the dashed lines give a 95% confidence interval. 

With one exception, the results seem reasonable. For instance, we see across the diagonal that 

inflation and funds rate shocks are very persistent, but that output shocks are much less so. The 

response of inflation to output is positive, as in a Phillips curve, and the response of output to the 

funds rate is negative, as in an IS curve. The interest rate responses to both output and inflation 

are positive. The only exceptional case is the positive response of inflation to the funds rate, 

namely the price puzzle. 

3n =

 Various types of solutions to the puzzle have been put forth over the years. Sims (1992) 

conjectures that central banks have internal information about inflation expectations, which is 

not captured in the simple VAR structure. If the central bank reacts to an expected rise in 

inflation by raising the interest rate, but does not eliminate the risk entirely, the price puzzle may 

arise. Sims proposes including a measure of commodity price increases in the VAR as a proxy 

for unobserved inflation expectations. Other researchers have followed this lead and include 

various measures of commodity prices in structural VARs, for instance Kim (1999), Kim and 

Roubini (2000) and Barth and Ramey (2001), though the latter differ with Sims (1992) as to the 

interpretation of the role of this variable, as does Hanson (2004).  

 Others have added different types of variables to the VAR in search for the missing link 

that would absorb the unintuitive correlations. Bernanke et al. (2005) and Lagana and Mountford 
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(2005) include a few factors extracted from a large number of other variables; Giordani (2004) 

adds an output gap; Kozicki and Tinsley (2005) introduce an unobservable time-varying inflation 

target; and Francis and Owyang (2005) allow for Markov switching. Bierens (2000) extracts 

common nonlinear trends, and Scholl and Uhlig (2005) try the brute force approach of 

constraining the questionable impulse responses to be negative. 

 Most of these methods have had some measure of success in reversing the puzzle, albeit 

at the cost of additional – possibly substantial – complexity. The unique feature of the solution 

proposed below is that it makes the model somewhat simpler, not more complex. 

 

3. The long lags of monetary policy 

 We look for guidance to the literature on monetary policy lags. This literature relies 

heavily on descriptive statistical analysis of dynamic economic relationships over the business 

cycle and at longer frequencies. Early on, Friedman (1958, 1960, 1961) concluded that the lag 

between monetary policy actions and their influence on prices and economic activity is “long and 

variable.” For instance, at various times, the lag between policy and inflation is seen to be 

anywhere from a few quarters to several years. Friedman (1958, p. 249) explains the “variable” 

part as a consequence of the endogeneity of the series in question and of the multiplicity of 

underlying shocks, features which are consistent with a structural VAR approach. 

 Friedman (1972) concludes that he might have, if anything, underestimated the length of 

the lags in his earlier work, and that the lag for inflation is longer than the lag for real activity. 

These results have been confirmed by Bernanke and Gertler (1995) and Batini and Nelson (2001) 

using more recent data and other methodologies. 
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 A somewhat different but parallel perspective is provided by work on the ability of the 

term structure of interest rates to predict inflation and real activity. For instance, Estrella and 

Mishkin (1997) find that the term spread at a given time forecasts real activity about one year 

ahead, but forecasts inflation two or more years ahead. These findings are also consistent with 

the lag structure in theoretical models such as Svensson (1997) and in analogous empirical 

models such as Rudebusch and Svensson (1999). 

 

4. Implications for solving the price puzzle 

 The long lag between monetary policy and inflation calls into question the appearance of 

short lags – low powers of L – in the polynomial  in equation 23( )a L (2). These lags are not 

problematic if the VAR is interpreted simply as a reduced-form predictive model, but the direct 

short-run effects are clearly inconsistent with the evidence of the previous section if the model is 

to be viewed as structural. The solution is simple and parsimonious: impose zero restrictions on 

low powers of L in , which results in a longer policy lag for inflation than for output, as 

the evidence suggests. 

23( )a L

 In fact, there is no need to go very far. Figure 2 presents impulse responses for the model 

with , as before, but with the first term of  excluded. The only panel that changes 

appreciably is the response of inflation to the funds rate, which becomes negative and significant 

at the 95% level over some horizons. The price puzzle is gone. Setting further terms in  to 

zero produces similar results, as seen in Figure 3. Note that setting 

3n = 23( )a L

23( )a L

23( ) 0a L = , that is, excluding 

interest rate lags altogether from the inflation equation, is consistent with the Svensson (1997) 

and Rudebusch-Svensson (1999) models.  
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 The key to this solution of the puzzle is that the first lag of the funds rate in the inflation 

equation captures a strong empirical correlation that is inherent in the data, but inconsistent with 

a structural interpretation of the equation. This conclusion does not contradict Sims (1992) or 

most of the other solutions to the puzzle, but it provides a simpler means of arriving at an 

interpretable set of impulse responses.  
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Figure 1. Impulse responses with full VAR lag structure 
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Figure 2. Impulse responses with near VAR lag structure:  
Excludes first lag of the fed funds rate in inflation equation 
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Figure 3. Response of inflation to unexpected monetary shock:  
With zero restrictions on the first k lags of the fed funds rate in inflation equation (2) 
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