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Abstract

In a new-Keynesian model we compare the determinacy regions of price-level tar-

geting rules (called Wicksellian rules) and Taylor rules. We conclude that Wicksellian

rules do not require the Taylor principle to be satisfied to induce determinacy. More-

over, the areas of determinacy are generally larger under Wicksellian rules. Our results

have two implications. First, we show that in a univariate setting estimating simple

Taylor rules, when the true rule is Wicksellian, may lead to erroneously conclude that

the equilibrium is indeterminate even if the true data generating process is such that

indeterminacy is absent. Second, if the policy estimation is performed using system

based methods, indeterminacy is ruled out. However, the policy misspecification will

led to conclude that the central bank is less averse to inflation movements.
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1 Introduction

Since Taylor (1993) many studies document that the Taylor rule, in which the policy rate

reacts to deviations of the inflation rate and a measure of the output gap, describes fairly well

the monetary policy in the USA and in other economies 1. In recent years Wicksellian rules, in

which the policy rate reacts to deviations of the price level instead of inflation have regained

attention among academics and policymakers. Several elements have contributed to this

fact. Gorodnichenko and Shapiro (2007) show that the FED, in the Volcker-Greenspan era,

was behaving consistently with having the price level in its objectives. They also concluded

that price-level targeting (PLT) is superior to inflation targeting (IT) in a wide range of

situations. Further evidence is provided by Bullard (2012) who noticed that prices in the

USA have fluctuated, between 1995 to 2012, around a 2% price path. Expanding the sample

from 1991 to 2014 reinforces this finding (Figure 1).

Figure 1: Personal Consumption Expenditure Price Index and 2% Price Path: 1991-2014

Source: author´s calculation based on US. Bureau of Economic Analysis. Last observation December 2014.
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1See, among others, Clarida et al. (2000) for evidence in the USA, Clarida et al. (1998) and Lubik and
Schorfheide (2007) for estimation of Taylor rules in advanced economies and Aizenman et al. (2011) for
evidence in emerging countries.
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In a recent contribution, Giannoni (2014) concludes, in the context of a New Keynesian

model, that simple Wicksellian rules perform better in terms of welfare and are more robust

to alternative shock processes than Taylor rules. Evans (2012), on the other hand, argues

that PLT would be a helpful complement of FED’s strategies in the aftermath of the 2008

global financial crisis.

In the case of Canada Kamenik et al. (2013) and Ruge-Murcia (2014) provide similar

evidence to the one reported in Figure 1. In particular, they show that, since the mid 1990s,

in Canada consumer prices, inflation expectations and the policy rate are determined in a

way that is consistent with an element of price-level-targeting.

Despite the renewed interest in PLT there are only few studies investigating the properties

of Wickesllian rules in the context of New Keynesian models. Furthermore, the existing

studies concentrate only on simple rules that react to contemporaneous values of the price

level and the output gap 2. As noted by Bullard and Mitra (2002) contemporaneous data

rules place unrealistic informational demands on the monetary authority: precise information

on the current level of prices and the output gap are usually not available to policymakers.

In the case of Taylor rules the properties of alternative specifications, that consider more

realistic informational sets for the central bank, have already been derived in closed economies

(Bullard and Mitra (2002)) and small open economies (Llosa and Tuesta (2008) ).

In the case of Wicksellian rules, however, the properties of non-contemporenous specifica-

tions, both in terms of determinacy and learnability, have not been derived. In this context,

the objective of this paper is twofold. First, in a standard New Keynesian model we derive

the areas of determinacy of forward-looking, backward-looking and hybrid Wicksellian rules

(rules that react to the expected level of prices and contemporaneous output gap). Second,

we assess the implication of estimating Taylor rules in a context in which the central bank

is setting its policy based on Wicksellian rules. The purpose of this exercise is to determine

2For instance, Kerr and King (1996) and Woodford (2003) who conclude, in different setups, that if the
monetary authority adjusts the interest rate in response to deviations of the price level from a target path,
then there is a unique equilibrium under a wide range of parameter choices: all that is required is that the
authority raise the nominal rate when the price level is above the target path and lower it when the price level
is below the target path. By contrast, if the monetary authority responds to deviations of the inflation rate
from a target path, then a much more aggressive pattern is needed: the monetary authority must make the
nominal rate rise by more than one-for-one with the inflation rate (the so called Taylor principle). A similar
result emerges in the case in which central banks, besides reacting to prices, also respond to contemporaneous
output (Giannoni (2014))
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the extent to which misleading conclusions about the nature of the central bank are drawn

if the econometrician fails to recognize that prices are trend stationary (i.e the monetary

authority is implementing PLT).

The main findings of this paper are as follows. First, Wicksellian rules do not require the

Taylor principle, understood as an increase of the policy rate by more than one-for-one with

inflation, to be satisfied in order to generate determinacy. This is true regardless of whether

the rule reacts to lagged, contemporaneous, or expected inflation and output. Second, as in

the case of non-contemporaneous Taylor rules, we show that Wicksellian rules can induce

indeterminacy if the response to prices is overly aggressive. We find, however, that in all

cases the maximum response to prices is twice as large as the maximum response to inflation

in the Taylor rule. Third, we demonstrate that the estimated response to inflation, in a

simple Taylor rule that only reacts to inflation, is a downward-biased estimator of the true

response to prices if the monetary authority sets its policy based on a simple PLT rule. The

bias is such that the estimated inflation response is half the size of the response to prices in

the PLT. As a consequence, the econometrician may conclude, erroneously, that the system

is not determined if he fails to recognize that the central bank follows a PLT rule. Misleading

conclusions regarding the nature of the central bank emerge also in the case of rules that

incorporate a reaction to the output gap, as well as rules that are system based estimated.

The paper is organized as follows. In Section 2 we derive the determinacy regions of

alternative Wicksellian rules and compare them with the areas of analogous Taylor rules.

We do so in a standard New Keynesian model. Section 3 assess the implications, in terms of

the dynamic followed by prices and inflation, of implementing either a PLT rule or a Taylor

rule. This section provides evidence suggesting that prices, in the USA, are trend stationary,

so it is not possible to reject the hypothesis that the FED follows a PLT strategy. In Section

4 we show that estimating Taylor rules may lead to misleading conclusions regarding the

nature of the central bank, if the central bank follows a PLT rule. This results is derived

analytically in the case of simp rules and through stochastic simulations in the case of rules

that, besides reacting to inflation or prices, introduce policy inertia and reaction to the

output gap. Section 5 concludes.
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2 Determinacy regions in a New Keynesian model

The scope of this section is to determine the parameter regions for which a (linearized)

standard monetary policy model has a unique solution, under a particular specification of

the monetary policy rule followed by the central bank. We focus our attention in areas where

a unique solution exists because areas where there are infinite solutions are areas in which

some undesirable outcomes may arise, such as sunspots and equilibria in which fluctuations in

inflation and the output gap are driven by self-fulfilling expectations. To this end, we study

determinacy properties of different specifications of monetary policy rules in the standard

workhorse New Keynesian model analyzed by, among many, Clarida et al. (1999), Woodford

(2003) and more recently Giannoni (2014).

The model economy can be represented by two equations, one intertemporal IS equation

that is obtained from the intertemporal optimality condition of households, and a forward-

looking New Keynesian Phillips curve that summarizes the optimal pricing decision of mo-

nopolistically competitive producers that cannot adjust prices every period.

The IS equation is

xt = Etxt+1 − σ−1(it − Etπt+1 − ret ), (1)

where xt = (yt − yNt ) is the output gap defined as the difference between the level of

output, yt, and its flexible price level, yNt , πt is inflation in period t, it is the nominal

interest rate, ret is the natural rate of interest, or the real interest rate of the flexible price

economy, and σ is the inverse of the intertemporal elasticity of substitution. Each variable

is represented as a percentage deviation from its steady state value.

The New-Keynesian Phillips curve (NKPC) reads

πt = κxt + βEtπt+1 + ut, (2)

where κ is related to the frequency of price-adjustment by producers, β is the discount

factor and ut is a cost push shock that introduces a trade-off in the policy maker’s decision

problem3.

3The shock ut represents, for example, changes is distortionary taxes or exogenous variations in the degree
of market power of firms. More generally, this shock may be interpreted as the difference between the efficient
level of output, yEt , and its natural level, yNt . The inclusion of such shocks does not alter the results on
determinacy of different monetary policy rules.
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To close the model, we need to specify a monetary policy rule to provide a specification for

the nominal interest rate. In what follows we consider simple rules, that is, monetary policy

rules that depend on variables observed by the central bank and that, consequently, should

be feasible to adopt. We compare two different types of rules: Taylor rules and Wicksellian

rules. Taylor rules have been widely analyzed in both the theoretical and empirical literature

of monetary policy. Under this type of rules, the nominal interest rate reacts to deviations

of the output gap and the inflation rate from specified target values. Wicksellian rules,

on the other hand, have received much less attention in the literature of simple rules4. A

Wicksellian rule implies that the nominal interest rate reacts to deviations of the output gap

and the price level from target values.

In the next sections, we study the determinacy properties of different specifications for

Taylor and Wicksellian rules. In particular, we follow Bullard and Mitra (2002) and consider

interest rate equations that react to forward expectations and contemporaneous data. We

incorporate in the analysis an additional rule, which we call a hybrid rule, that reacts to

expected inflation and contemporaneous data. This rule has not received too much attention

in the theoretical literature despite the fact that it has been used extensively in empirical

research5. In the Appendix we study the empirically less relevant case of rules with lagged

data.

We analytically characterize the regions of determinacy of different rules. In all cases we

compare the determinacy areas of Taylor and Wicksellian rules. We follow the calibration by

Woodford (1999) and Bullard and Mitra (2002) and set β = 0.99, σ = 0.157 and κ = 0.024.

2.1 Contemporaneous rules

Contemporaneous rules are are widely used both for theoretical and empirical purposes.

From the seminal contribution of Taylor (1993), papers such as Adolfson (2007), Lubik and

Schorfheide (2007) and Aizenman et al. (2011) have estimated this type of rules, and many

papers and some books, of which Gali (2008) and Gali and Monacelli (2005) are notable

examples, have assessed the behavior of such rules in theoretical frameworks.

A contemporaneous Taylor rule is represented by

4Some exceptions are Giannoni (2014) and Dittmar and Gavin (2005).
5See Clarida et al. (1998), Clarida (2001), Engel and West (2006) and Adolfson et al. (2011) among

others.
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it = ϕππt + ϕxxt (3)

where ϕπ and ϕx represent the reaction of the nominal interest rate to deviations of the

output gap and the inflation rate from target values6 7.

As shown by Bullard and Mitra (2002) the necessary and sufficient condition for a rational

expectations equilibrium to be unique (determinate) is that

ϕπ +
1− β
κ

ϕx > 1. (4)

Notice that, from the NKPC (2), a one percent permanent change in inflation implies

that the output gap increases by (1 − β)/κ, under the assumption that ut = 0. Then,

condition (4) states that the increase in the nominal interest rate given a permanent one

percent increase in inflation should be higher than one percent. In other words, the nominal

interest rate should react by more than the increase in permanent inflation. This guarantees

that the real interest rate increases as well, therefore dampening aggregate demand through

the IS equation (1) and, consequently, reducing the output gap and inflation.

The contemporaneous Wicksellian rule is

it = ψppt + ψxxt, (5)

where ψp and ψx represent the magnitude of the reaction of the nominal interest rate to

deviations of the output gap and the price level 8 9.

As shown by Giannoni (2014) under contemporaneous Wicksellian rules such, as (5), all

possible values of ψp > 0 and ψx > 0 yield a rational expectations equilibrium that is unique

6These coefficients can be determined so as to minimize the loss function of the central bank. In this
case, we say that the simple rule is optimal, in the sense that it is the best possible rule given the restriction
imposed by the specific functional form of the rule we are assuming. This “optimal simple rule”, however,
will in general not implement the first best allocation.

7For simplicity, we are assuming that the target values for inflation and the output gap are zero. Con-
sidering any other constant target would not change the results on determinacy.

8Notice that, as we are working with variables expressed in deviations from the steady state, the variable
pt can be interpreted as the deviation of the price level from a predetermined target.

9We are implicitly assuming that the steady state of this economy is an undistorted one, i.e., inflation
and the output gap are zero. If we considered a model with a different steady state, we would need to define
the Wicksellian rule in terms of the deviation of the price level with respect to some deterministic trend for
the price level. See Giannoni (2014) for an example.
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Figure 2: Determinacy areas of contemporaneous rules
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Wicksell and Taylor Determinacy

Wicksell Determinacy

Note: The darker area corresponds to combinations of parameters {ϕx, ϕπ} of the Taylor rule and parameters {ψx, ψp} of the Wicksellian rule
for which the systems are determinate. The lighter area corresponds to combinations of parameters {ϕx, ϕπ} of the Taylor rule for which the
system is indeterminate, but to parameters {ψx, ψp} of the Wicksellian rule for which the system is determinate.

(determinate). As a result, under contemporaneous PLT rules, the policy rate does not need

to increase by more than one-for-one with inflation to ensure determinacy.

Notice that a comparison between the areas of determinacy in the space of coefficients

{ϕx, ϕπ} and {ψx, ψp} is not immediate, because ϕπ and ψp are coefficients accompanying

different variables. They are, however, comparable in the following sense: consider shocks

that cause inflation and the output gap to react on impact in the same magnitude under

both types of rules, then ϕπ = ψp implies the same reaction of the nominal interest rate on

impact to such shocks. Then, a larger determinacy area for combinations of the coefficients

of the Wicksellian rule translates into a larger set of actions that the monetary authority

can take following a shock that causes a given initial reaction of inflation and the output

gap, compared to the case in which the monetary authority follows a Taylor rule (Figure

2). In Section ?? and 4 we further discuss about both, the dynamics under each rule and

the practical implications of estimating a Taylor rule if prices are stationary (i.e the central

bank follows a PLT rule).

2.2 Forward-looking rules

In line with Clarida et al. (2000), Woodford (2000), Bullard and Mitra (2002) and Svensson

and Woodford (2004) a purely forward-looking Taylor rule can be expressed as:

it = ϕπEtπt+1 + ϕxEtxt+1, (6)
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where ϕπ and ϕx represent the reaction of the nominal interest rate to deviations of

expected inflation and output from target or long-run values. As noted by Bernanke and

Woodford (1997), the use of this type of rules overcomes the problems associated with the

long lag between changes in policy and changes int in inflation. In particular, the forecast of

future inflation, unlike contemporaneous inflation, can be affected by changes in the policy

rate. Bullard and Mitra (2002) show that, in rules such as (6), the necessary and sufficient

conditions for a rational expectations equilibrium to be unique (determinate) are 10

κ(ϕπ − 1) + (1 + β)ϕx < 2σ(1 + β), (8)

and

ϕπ +
1− β
κ

ϕx > 1. (9)

Notice that this rule requires the Taylor principle, equation (9), to be satisfied: the

equilibrium, under rule (6), will be unique if ϕπ and ϕx are large enough to guarantee that

the real rate eventually rises in the face of an increase in inflation. Now, satisfying the

Taylor principle is a necessary, but not suffcient, conditions for determinacy. As shown by

Bernanke and Woodford (1997), Bullard and Mitra (2002) and Levine et al. (2007) this rule

can induce indeterminacy for aggressive responses to inflation and output, if condition (8)

is not satisfied.

Now, a forward-looking Wicksellian rule can be specified as follows

it = ψpEtpt+1 + ψxEtxt+1, (10)

where ψp and ψx represent the policy response to deviations of expectations of the price

level and to expectations of the output gap, respectively.

The system composed by equations (1), (2) and (10) can be written as

yt = BEtyt+1 + Czt,

where yt = [xt; πt; pt−1], zt = [ret ;ut] and

10Bullard and Mitra (2002) list as an additional condition

ϕx < σ(1 + β−1). (7)

It can be easily shown that (8) and (9) imply (7), so we do not include it as a necessary and sufficient
condition.
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Figure 3: Determinacy areas of forward-looking rules
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Note: The darker area corresponds to combinations of parameters {ϕx, ϕπ} of the Taylor rule and parameters {ψx, ψp} of the Wicksellian rule for
which the systems are determinate. The lighter shaded area corresponds to combinations of parameters {ϕx, ϕπ} of the Taylor rule for which the
system is indeterminate, but to parameters {ψx, ψp} of the Wicksellian rule for which the system is determinate. The non-shaded area corresponds
to corresponds to combinations of parameters {ϕx, ϕπ} of the Taylor rule and parameters {ψx, ψp} of the Wicksellian rule for which both systems
are indeterminate.

B =


σβ+κ(1−ψp)
(σ−ψx)β −1−ψp(1+β)

(σ−ψx)β
ψp

σ−ψx
−κ
β

1
β

0

0 1 1


−1

(11)

This system has two endogenous non-predetermined variables, xt and πt, and one en-

dogenous predetermined variable, pt−1. For the equilibrium to be determinate, that is, for

the system to have a unique solution, it is required that the the matrix B has two eigenval-

ues inside the unitary circle and one outside it. The following proposition characterizes the

necessary and sufficient conditions for determinacy when rule (10) is implemented.

Proposition 1. Under forward-looking Wicksellian rules such as (10), in which ψx ≥ 0,

the necessary and sufficient conditions for a rational expectations equilibrium to be unique

(determinate) is that

ψp > 0 (12)

κ(ψp − 2) + 2(1 + β)ψx < 4σ(1 + β). (13)

Proof. See Appendix A.2 .

A natural corollary of the previous proposition is that the Taylor principle, understood
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as an increase of the nominal rate by more than on-for-one with inflation, is not a condition

for determinacy. In particular, in the limiting case in which ψx = 0, determinacy is achieved

by an arbitrarily small and positive ψp coefficient (condition (12)). Also, as in the case of

forward-looking Taylor rules, overly aggressive responses to prices and to the output gap in

the PLT rule induce indeterminacy (condition (13)). However, the region for which forward-

looking Wicksellian rules are able to induce determinacy is larger than under forward-looking

Taylor rules. To see this, we use conditions (8), (9) and (13) to derive the maximum policy

response to inflation and prices for a given reaction to the output gap:

ϕπ <
2σ(1 + β)− (1 + β)ϕx

κ
+ 1 (14)

ψp < 2

(
2σ(1 + β)− (1 + β)ψx

κ
+ 1

)
(15)

It is clear, from (14) and (15), that for a common policy reaction to the output gap, ϕx=

ψx, the maximum response to prices in the Wicksellian rule is twice as large as the maximum

response to inflation in the Taylor rule. As shown in Figure 3, in the case of Wicksellian

rules there is a larger area from which the monetary authority can choose its response to

inflation and output gap, given a shock.

2.3 Hybrid rules

In many empirical exercises11 Taylor rules are estimated using a specification in which the

policy instrument reacts to expected inflation and contemporaneous output (and some other

external variables in the case of open economies). This type of rules can be expressed as:

it = ϕπEtπt+1 + ϕxxt, (16)

As before, the rationale for this specification is that expected inflation, rather than the

contemporaneous level of it, could be influenced by monetary policy. This type of rule is

usually referred in the literature as a forward-looking Taylor rule. In order to distinguish

this specification from the pure forward-looking one considered in the previous subsection,

we call it a hybrid Taylor rule.

11See Clarida et al. (1998), Clarida (2001) and Engel and West (2006) among others.
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As shown by Caputo and Herrera (2013) under hybrid Taylor rules such as (16) the

necessary and sufficient conditions for a rational expectations equilibrium to be unique (de-

terminate) are that

κ(ϕπ − 1)− (1 + β)ϕx < 2σ(1 + β), (17)

and

ϕπ +
1− β
κ

ϕx > 1. (18)

Notice that in the case of the hybrid Taylor rule, determinacy also requires the Taylor

principle to be satisfied (conditions (9) and (18) are identical). However, comparing (8) and

(17), it is easy to see that the previous conditions imply a larger area of determinacy for the

hybrid rule than for the forward-looking one, but a smaller one than for the contemporaneous

rule. This is to be expected, as this rule uses a combination of contemporaneous data and

expectations of future variables.

A hybrid Wicksellian rule can be defined as:

it = ψpEtpt+1 + ψxxt, (19)

As before, the system composed by equations (1), (2) and (19) can be cast in the form:

yt = BEtyt+1 + Czt,

where yt = [xt; πt; pt−1], zt = [ret ;ut]. In this particular case, the B̃ matrix takes de form:

B =


σβ+κ(1−ψp)+βψx

σβ
−1−ψp(1+β)

σβ

ψp
σ

−κ
β

1
β

0

0 1 1


−1

. (20)

This system has two endogenous non-predetermined variables, xt and πt, and one en-

dogenous predetermined variable, pt−1. Thus, as in the case of the pure forward-looking

Wickesellian rule analyzed previously, for the equilibrium to be determinate, that is, for the

system to have a unique solution, it is required that the the matrix B has two eigenvalues

inside the unitary circle and one outside it.
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Figure 4: Determinacy areas of hybrid rules
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Note: The darker area corresponds to combinations of parameters {ϕx, ϕπ} of the Taylor rule and parameters {ψx, ψp} of the Wicksellian rule
for which the systems are determinate. The lighter shaded area corresponds to combinations of parameters {ϕx, ϕπ} of the Taylor rule for which
the system is indeterminate, but to parameters {ψx, ψp} of the Wicksellian rule for which the system is determinate.

The following proposition characterizes the necessary and sufficient conditions for deter-

minacy when the rule (19) is implemented.

Proposition 2. Under hybrid Wicksellian rules such as (19) the necessary and sufficient

condition for a rational expectations equilibrium to be unique (determinate) is that

ψp > 0, (21)

and

κ(ψp − 2)− 2(1 + β)ψx < 4σ(1 + β). (22)

Proof. See Appendix A.3 .

As in the case of forward-looking Wicksellian rules, under hybrid rules the policy rate does

not need to increase one-for-one with inflation (condition (21)). Also, an overly aggressive

response to prices may generate indeterminacy, although in this case there is no limit for the

values that ψx and ϕx can take (condition (22) and condition (17)).

Based on the determinacy conditions for each rule, the upper limit of ψp and ϕπ can be

expressed as:

ϕπ <
2σ(1 + β) + (1 + β)ϕx

κ
+ 1, (23)
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ψp < 2

(
2σ(1 + β) + (1 + β)ψx

κ
+ 1

)
. (24)

Based on the previous conditions, again the maximum response to prices, ψp, is twice as

large as the maximum response to inflation in the Taylor rule, ϕπ.

Now, when compared to forwad-looking rules, the determinacy areas under hybrid rules

is much larger. In particular, Figure 4 suggests that the kind of overreaction that would be

conducive to indeterminacy would require rather extreme values of the price and inflation

coefficients in the policy rules. In this context, a hybrid specification is able to expand the

determinacy area of inflation-forecast and price-forecast rules. As a consequence, this type

of rules can solve the problems related to the poor stabilization properties of inflation and

price forecast-based rules. Levine et al. (2007) show that an alternative way of expanding

the determinacy areas of forward-looking Taylor rules is to specify rules that depend on a

discounted sum of current and future rates of inflation, or rules that are expressed in first

differences.

2.4 Backward-Looking Rules

Under backward-looking rules, the policy maker adjusts the policy rate in response to de-

viations of the lagged values of the variables of interest with respect to their target values.

Taylor rules that react to lagged inflation and output gap, in general, are not considered

in the theoretical literature on monetary policy, with the exception of Bullard and Mitra

(2002). These rules, however, have been used in studies that attempt to estimate the actual

rules used by central banks, such as Rotemberg and Woodford (1999) and Giannoni and

Woodford (2004).

A backward-looking Taylor rule can be expressed as follows:

it = ϕππt−1 + ϕxxt−1, (25)

The following propositions, derived in Appendix A.4, characterize the necessary and

sufficient conditions for the existence of a unique equilibrium 12

12The necessary and sufficient conditions for determinacy are not derived by Bullard and Mitra (2002),
who only present the set of sufficient conditions. Figure 1 in Bullard and Mitra (2002), however, shows the
necessary and sufficient conditions for determinacy.
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Proposition 3. Under backward-looking Taylor rules such as (25) the necessary and suffi-

cient conditions for a rational expectations to be unique (determinate) are either that

κ(ϕπ − 1) + ϕx(1 + β) > 2σ(β + 1), (26)

ϕπ +
1− β
κ

ϕx < 1. (27)

or

κ(ϕπ − 1) + ϕx(1 + β) < 2σ(β + 1), (28)

ϕπ +
1− β
κ

ϕx > 1. (29)

As is clear, if conditions (26) and (27) hold, the Taylor principle does not need to be

satisfied to induce determinacy. On the contrary, if conditions (28) and (29) hold, the

Taylor principle is relevant and the area of determinacy is identical to the determinacy area

in forward-looking rules (conditions (28) and (29) are identical to conditions (8) and (9)).

A backward-looking Wicksellian rule reads:

it = ψppt−1 + ψxxt−1, (30)

Proposition 4. Under backward-looking Wicksellian rules such as (30) the necessary and

sufficient condition for a rational expectations equilibrium to be unique (determinate) is that

ψp > 0 (31)

κ(ψp − 2) + 2(1 + β)ψx < 4σ(1 + β). (32)

In the case of backward-looking Wicksellian rules, the conditions for determinacy, equa-

tions (31) and (32)), are also identical to the conditions for forward-looking rules (equations

(12) and (13))).

We conclude that, as in the case of forward-looking rules, the determinacy area is consid-

erable smaller than in the case of contemporaneous and hybrid rules (see Figure 5). In the
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Figure 5: Determinacy areas of backward-looking rules
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case of backward-looking rules an overly aggressive response to prices (inflation) and out-

put induce explosive solutions. Finally, as in the case of forward-looking and hybrid rules,

the maximum response to prices in the Wicksellian rule is twice as large as the maximum

response to inflation in the backward-looking Taylor rule.
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3 Price Level Targeting and Inflation Targeting: Dy-

namic Implications

Taylor and Wicksellian rules not only differ in terms of the determinacy areas, as shown

in the previous section, they imply very different path for prices. We will show that these

two elements may determine that, in practice, it may be difficult for the econometrician to

accurately identify the nature of the central bank. The aim of this section is to show how the

path for prices evolves under each type of rules. The next section assesses the importance

of this element to infer the nature of the central bank.

Under PLT an increase in the price level, beyond the price-path, has to be offset in

subsequent periods. In theory, IT does not impose such a restriction so temporary shocks

that impinge on the price level may be accommodated. As a consequence, under any of the

Taylor rules specifications discussed in the previous section, the price level is a non-stationary

variable, whereas in the case of Wicksellian rules, the price level is a stationary variable.

To understand the different path that prices may follow under alternative monetary

regimes, it is useful to analyze the solution under each regime. The New Keynesian model

with a Taylor rule is such that the dynamics of the endogenous variables, yt = [xt; πt], is a

function of the exogenous, stationary shocks ret and ut

yt = aret + but

Under this solution inflation and the output gap are stationary, but the price level has a

unit root. Hence exogenous shock generate a permanent movement in the price level.

Now, in the case of the model with a Wicksellian rule, there is an additional endogenous

predetermined variable, pt−1, so the system has a solution of the form

yt = aret + but + cpt−1

where yt = [xt; πt; pt]. In the case of the Wicksellian rule, the element of vector c that

corresponds to the price level, cp, is smaller than one, that is

pt = apr
e
t + bput + cppt−1 (33)
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Then, the price level is stationary and uniquely determined by this equation, given that

the initial condition for the price level and the law of motion for prices determines a non-

explosive path.

To illustrate the path followed by all variables we simulate the dynamic response of the

economy, characterized by (1) and (2), in the face of a cost push shock, under two alternative

instrument rules. The first one is a simple Wicksellian rule in which the policy rate reacts

only to contemporaneous prices, whereas the second rule is a simple Taylor rule which only

reacts to contemporaneous inflation. We impose a small policy response to the price level,

ψp = 0.1, which ensures determinacy but implies, on impact, that the Taylor principle is

not satisfied. In fact, in this case the nominal interest rate moves less than one to one

with inflation. On the other hand, we set the policy response to inflation to ϕπ = 1.1, so

determinacy conditions (and the Taylor principle) are satisfied.

Figure 6: Responses to a 1% Cost Push Shock (in percentage deviation from steady state)
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The response of the economy to a cost push shock is presented in Figure 6. In the case
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of the simple Taylor rule, as expected, the interest rate increases, on impact, more than

inflation (contemporaneous and expected). As a consequence, the real ex-ante interest rate

increases, pushing down the output gap. The decline in the output gap reduces marginal

costs, inducing a decline in inflation over time. The price level, on the other hand, increases

and does not return to its initial level. As consequence under IT prices have a unit root:

transitory shocks have a permanent effect.

In the case of the Wicksellian rule the transmission mechanism is quite different. The

cost push shock generates, on impact, an increase in the price level and in inflation of the

same magnitude. Given the fact that ψp = 0.1, it follows that the increase in the nominal

rate is well below the increase in inflation (see top row of Figure 6). Hence, on impact, the

Taylor principle is not satisfied. In subsequent periods, the policy rate remains above its

steady state level as long as the price level does not adjust to its initial value. To induce this

adjustment, inflation should decline to negative values. This, in turn, requires a contraction

in the output gap, which is both more severe and persistent than in the case of IT. This

contraction is only possible if the real rate increases. Under PLT prices eventually converge

to its initial level, so prices are stationary.

Under PLT, the increase in the real rate is driven, mostly, by expected future deflation.

As a consequence, determinacy is achieved despite the fact that the Taylor principle is not

satisfied on impact 13.

3.1 Is Price Level Trend Stationary? Evidence for the USA

In theory, PLT and IT predict that inflation and the output gap are stationary variables.

Both regimes, however, have very different testeable implications for prices. As noted by

Ruge-Murcia (2014), PLT generates two alternative predictions for the price level. First,

since price-level deviations from the targeted path must be offset in future periods, the

price level should follow a stationary process around a deterministic trend and, second, the

deviations from this trend should follow a stationary process around zero. In contrast, under

IT shocks have a permanent effect on prices, so the price level should have a unit root. In

13After the initial period, the policy rate is slightly above its steady state level, whereas inflation is
systematically below its long-run value. As a consequence, there is a negative relationship between the
interest rate and inflation after the initial period, so the Taylor principle is not satisfied in subsequent
periods.
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addition, the deviation of the price index from the trend implied by the inflation target

should have a unit root as well.

The evidence regarding the properties of the price level in IT countries is mixed. On the

one hand, Ruge-Murcia (2014) concludes that in Canada the price level is trend stationary

and that deviations from this trend follows a stationary process around zero. Similar results

for Canada are reported by Kamenik et al. (2013). On the other hand, Ruge-Murcia (2014)

shows that in Australia, New Zealand, Sweden and the United Kingdom the price level

deviates from the price-path implied from by the inflation target 14. As a consequence, the

evidence suggest that for Canada the predictions of IT are rejected in favor of those of PLT.

Despite the fact that prices in the USA seem to be trend stationary (Figure 1 and

discussion in Bullard (2012)), there are, to our knowledge, no formal tests as to whether prices

evolve as predicted by PLT. In this context, we test the two main predictions regarding PLT:

i) Whether prices are trend stationary in the USA and, if so, ii) if deviations from this trend

follow and stationary process around zero. We use monthly data from1959.01 to 2014.12 for

the personal consumption expenditures (PCE) price index. This is the price measure officials

chose for their inflation target since 2012 15. In addition, we perform the stationary test on

the GDP deflator series during the same sample period 16. This price measure has been used

in empirical exercises that attempt to characterize the monetary policy in the USA 17.

Table 1 reports the KPSS stationary test for the PCE price index and the GDP deflator.

For the pre-Volcker era, 1959.01 to 1979.08, the null hypothesis of trend stationarity is

rejected for both price indices. In the period after the appointment of Volcker as FED

Chairman, the post-Volcker era, the price dynamics changed importantly. In particular,

from 1979.09 to 2014.12, the hypothesis of trend stationarity cannot be rejected. In this

period the slope of the trend, which could be interpreted as the long-run price/inflation

target, is 2.46% in the case of the PCE price index and 2.40% in the case of the GDP deflator.

Furthermore, the hypothesis that price deviations from this trend follows a stationary process

14A caveat in Ruge-Murcia (2014) is that the price-path implied by the inflation target is constructed
assuming that the price target at the beginning of the period is equal to the actual price level. As a
consequence, results may change if one takes an agnostic view as to whether prices, at the beginning of the
IT period, differ from the price-target path.

15On January 25th 2012 FED Governor B.Bernake announced an inflation target of 2% based on the PCE
price index.

16This series is available on a quarterly basis from 1959.Q1 to 2014.Q4.
17See Clarida et al. (2000) and Gorodnichenko and Shapiro (2007).
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around zero cannot be rejected. Now, in the period after the appointment of Greenspan,

the post-Greenpan era, results are qualitativey similar, although in this case the long-run

price/inflation target implicit in the trend is very close to 2%, which as discussed previously,

is the explicit target of the FED since 2012 18

Table 1: KPSS Trend Stationary Tests for the Price Level

1959.01-2014.12 1959.01-1979.08 1979.09-2014.12 1987.09-2014.12
Full Sample Pre-Volcker Post-Volcker Post-Greenspan

PCE LM-Stat. 0.401 1.042 0.147*** 0.141**
∆p % - - 2.46% 2.07%
Zero Trend Deviation (p-value) 0.978 0.995

GDP LM-Stat. 0.447 0.814 0.152*** 0.201***
∆p % - - 2.40% 2.09%
Zero Trend Deviation (p value) 0.998 0.994

LM asymptotic critical values: 1% level (0.216), 5% level (0.146), 10% level (0.119)
*** No rejection of null at 1%, **No rejection of null at 5%, *No rejection of null at 10%

4 Wicksell or Taylor? Practical Implications and Mis-

leading Conclusion

In previous sections we have shown that the Taylor principle, understood as an increase in

the nominal rate by more than one-to-one with inflation, is irrelevant when monetary policy

is conducted following a Wicksellian rule. Also, we have shown that the price level dynamics

differ importantly across monetary regimes. These two elements may determine that, in

practice, it would be difficult for the econometrician to accurately identify the nature of the

central bank. In this section we show, in three different contexts, how misleading conclusions

may emerge if the econometrician estimates a Taylor rule when the true underlying policy

governing monetary policy is of the Wicksellian type.

4.1 Simple Wicksellian Rules and Systematic Bias in Taylor Rules

To illustrate the problems that emerge when estimating Taylor rules in practice, we assess

the implication of estimating a simple, non-inertial, Taylor rule in a context in which the

18Our results are robust to the use of alternative unit root test, the ADF and the Phillips-Perron test as
well as to considering the periods from 1980 to 2014 or 1990 to 2014.
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true data generating process is derived from a simple Wicksellian rule. In particular, we

show that estimating a Taylor rule of the form:

it = ϕππt + εt (34)

may lead to conclude, erroneously, that the system is not determined if the central bank

sets its policy according to:

it = ψppt (35)

The disturbance term in (34), εt, is the lagged interest rate, it−1. As a consequence, the

OLS estimation of ϕπ is going to be biased and inconsistent. In particular, it can be proved

that in the case of (34) the OLS estimator of ϕπ is a downward biased estimator of ψp.

Proposition 5. If the central bank follows a policy rule like (35), then the OLS estimator

of ϕπ in (34) is a downward biased estimator of ψp. The bias is such that ϕ̂π tends, asymp-

totically, to half the value of ψp. This result is independent of the number and structure

(persistence, variance and covariance) of the stochastic shocks in the economy. It is also

independent from the structure of the model, as long as prices follow a stationary process like

(33)

To be more specific, the OLS estimator of ϕπ is such that:

Et (ϕ̂π) =
1

2
ψp + Et

(∑T
t=0(kt + zt)∑T

t=0 π
2
t

)
=

1

2
ψp

(36)

where the second term in (36) tends to zero for large samples (i.e. large values of T ).

Proof. See Appendix A.5 .

A natural corollary is that there is a range of values for ψp that induce determinacy in

the system, but generate OLS estimates of ϕπ that do not satisfy the Taylor principle. In

particular:
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Corollary 1. For values of ψp between (0 and 2] the Wicksellian rule in (35) generates a

determinate system. However, estimating a Taylor rule like (34) by OLS will lead to the

conclusion that the system is indeterminate.

We have shown that the OLS estimator of ϕπ converges, asymptotically, to 1
2
ψp. In

order to assess how the bias changes for different sample sizes, we simulate the economy

characterized by the output gap in equation (1), the New Keynesian Phillips curve in (2),

and the simple Wicksellian rule in (35). The stochastic simulation is performed with two

different sample sizes, T = 100 and T = 1000 19. In each case, we estimate the Taylor rule in

(35) using OLS. As expected, for T = 1000, the OLS estimator of ϕπ is 1
2
ψp. The estimation

is such that the null hypothesis that ϕ̂π =ψp is rejected (see Table 2). For a smaller sample

size, T = 100 which is equivalent to 25 years of data, ϕ̂π is still a downward biased estimator

of ψp and its value is very close to 1
2
ψp. Again, in this case is not possible to reject the null

that ϕ̂π =ψp (see Table 3).

Table 2: Contemporaneous Taylor Rules Estimates (OLS w/ sample size T=1000)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

ψp = 0.1 ψp = 0.5 ψp = 1 ψp = 1.1 ψp = 1.5 ψp = 2 ψp = 3 ψp = 5 ψp = 10
ϕ̂π 0.050*** 0.250*** 0.500*** 0.550*** 0.750*** 1.000*** 1.500*** 2.501*** 5.002***

(0.006) (0.025) (0.046) (0.050) (0.066) (0.084) (0.119) (0.184) (0.333)
Observations 1000 1000 1000 1000 1000 1000 1000 1000 1000
R-squared 0.068 0.089 0.104 0.106 0.114 0.123 0.136 0.154 0.183

Standard errors in parentheses
* p < 0.1, ** p < 0.05, *** p < 0.001

Table 3: Contemporaneous Taylor Rules Estimates (OLS w/ sample size T=100)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

ψp = 0.1 ψp = 0.5 ψp = 1 ψp = 1.1 ψp = 1.5 ψp = 2 ψp = 3 ψp = 5 ψp = 10
ϕ̂π 0.052*** 0.260*** 0.520*** 0.572*** 0.779*** 1.038*** 1.554*** 2.585*** 5.156***

(0.014) (0.064) (0.120) (0.130) (0.172) (0.221) (0.314) (0.489) (0.889)
Observations 100 100 100 100 100 100 100 100 100
R-squared 0.107 0.132 0.150 0.153 0.163 0.173 0.188 0.211 0.244

Standard errors in parentheses
* p < 0.1, ** p < 0.05, *** p < 0.001

19We allow for demand and supply shocks, i.e. disturbances to the IS and New Keynesian Phillip curve.
We consider i.i.d shocks to ret and ut, with mean zero and variances σre=1 and σu=0.05.
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Alternatives to OLS, for instance a two-stage instrumental variables approach, may over-

come the bias in (34). However, even if the bias is eliminated, the problem regarding the

identification of the nature of the central bank persist. In particular, if an alternative pro-

cedure succesfully removes the bias in (34), values of ψp in the interval (0,1] will generate

estimates of ϕπ in the same interval, thus violating the Taylor principle. Not surprisingly,

as long as the lagged interest rate is omitted from the simple Taylor rule in (34), it would

not be possible for the econometrician to properly infer the nature of the central bank.

4.2 GMM Estimates of Taylor Rules and Indeterminacy

In many empirical applications, an inertial Taylor rule that reacts to expected inflation and

to the contemporaneous output gap is specified. In particular, Clarida et al. (1998) and

Clarida et al. (2000) among others, estimate for the USA and other developed countries, a

partial adjustment hybrid Taylor rule of the form:

it = ρit−1 + ϕπEtπt+1 + ϕxxt + εt (37)

The above rule is a misspecified version of the following hybrid Wicksellian rule:

it = ψpEtpt+1 + ψxxt, (38)

As a consequence, if the true underlying policy governing monetary policy is the hybrid

Wicksellian rule in (38), estimating a rule like (37) may lead to wrong inferences regarding

the nature of the central bank. To assess the extend of this problem, we simulate the

economy under the hybrid Wicksellian rule 20, and then estimate the Taylor rule in ((37)).

We consider alternative positive values for the ψp coefficient and set ψx=2.0 21.

In this particular case it can be shown that the error term in (37), εt, contains an en-

dogenous variable (lagged value of the output gap) that is correlated to expected inflation,

the output gap and the lagged interest rate. This may generate biased and inconsistent esti-

mates, independently of the sample size T . To correct the bias generated by the correlation

between the error term and the explanatory variables, we estimate the Taylor rule in (37)

20As before, we generate sequence of stochastic demand and supply i.i.d shocks with mean zero and
variances σre=1 and σu=0.05.

21The results that follow are robust to alternative values of the ψx coefficient.
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using an instrumental variable approach as in Clarida et al. (1998) and Clarida et al. (2000).

In particular, we remove the unobserved expected inflation deviation by rewriting the policy

rule (37) in terms of realized variables as follows:

it = ρit−1 + ϕππt+1 + ϕxxt + νt (39)

where the error term, νt, is a combination of the forecast errors of inflation and the dis-

turbance εt. We define a vector of variables ut within each central bank’s information set,

at the time each one chooses the interest rate, that is orthogonal to νt. Hence, E [νt|ut] = 0.

In order to estimate the parameters of interest, we use the generalized method of moments

(GMM), instrumenting expected inflation 22. The set of instruments ut we use includes

lagged values of inflation. We check the validity of instruments with the Hansen J overiden-

tification test 23.

The results from estimating equation (37) are presented in Table (4). Despite the fact

that the policy response to expected inflation is positive and statistically different from zero,

it is always below one. The policy response to output, on the other hand, is positive for small

values of ψp, but declines and is even negative as ψp increases. The persistence coefficient is,

in general, not statistically different from zero. We conclude that estimated coefficients fall

within the indeterminacy area, for this Taylor rule. In particular, for every value of ψp, the

generalized Taylor principle for hybrid rules (condition (18)) is not satisfied by the estimated

coefficients in Table (4). Now, based on the Hansen J test, we can reject, in almost all cases,

the null hypothesis that our instrument set is appropriate.

The previous results illustrate the extent to which misleading conclusions regarding the

nature of the central bank emerge if: i) the central bank follows a PLT strategy and ii) the

econometrician estimates a misspecified Taylor rules . In particular, one may conclude that

the Taylor principle is violated even in cases in which the system is determinate (results in

Table 2 and Table 4).

22Our results are robust to instrumenting also the output ago, in the event this variable is not observed
by the econometrician.

23We also perform the Kleibergen-Paap underidentification test, and we can reject, in all cases , the null
that the equation is underidentified, so we do not report this test.
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Table 4: Hybrid Taylor Rule Estimates (2-Step GMM-IV)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

ψp = 0.1 ψp = 0.5 ψp = 1 ψp = 1.1 ψp = 1.5 ψp = 2 ψp = 3 ψp = 5 ψp = 10
ρ̂ 0.092 0.125* 0.132* 0.133* 0.133 0.131 0.124 0.106 0.051

(0.063) (0.074) (0.078) (0.079) (0.081) (0.083) (0.086) (0.087) (0.065)

ϕ̂π 0.544*** 0.603*** 0.596*** 0.593*** 0.583*** 0.572*** 0.551*** 0.514*** 0.376*
(0.057) (0.061) (0.061) (0.061) (0.059) (0.056) (0.051) (0.060) (0.122)

ϕ̂x 0.370*** 0.095*** 0.024 0.016 -0.010 -0.033** -0.064** -0.101** -0.151***
(0.077) (0.029) (0.017) (0.016) (0.013) (0.011) (0.008) (0.006) (0.003)

Observations 998 998 998 998 998 998 998 998 998
J -test(p-value) 0.935 0.589 0.451 0.431 0.366 0.304 0.214 0.107 0.006

Standard errors in parentheses
* p < 0.1, ** p < 0.05, *** p < 0.001

4.3 System Based Estimates: Misleading Conclusions Persists

We have shown that estimating the Taylor rule, in a univariate setting, generates downward

biased estimates in the case of simple contemporaneous rules estimated with OLS. When

a hybrid Taylor rule is estimated by GMM, as is standard in the empirical literature, the

bias persist and, furthermore the estimated coefficients do not satisfy the Taylor principle,

and thus fail to generate determinacy. To test whether our results are robust to alternative

estimation procedures, we used a system based approach to estimate (37). As before, the

true underlying policy governing monetary policy is the hybrid Wicksellian rule in (38),

whereas the output gap and inflation are determined according to (1) and (2). We set the

coefficients in the Wicksellian rule to ψp=1.1 and ψx=0.5 and simulate the model with the

same sequence of stochastic demand and supply shocks used in the previous exercises (sample

size T=1000). The coefficients in the IS and NKPC equations are, as before, those used by

Giannoni (2014).

As noted by Lubik and Schorfheide (2007) a system based approach optimally adjusts the

estimation of the policy rule coefficients for the endogeneity of the right-hand-side variables.

Moreover, it is possible to exploit cross equation restrictions that link agents’s decision rules

to the policy parameters. We use Bayesian techniques to estimate the Taylor rule coefficients

in (37). Bayesian estimation of the structural parameters is common in academic and policy

circles, for instance in Smets and Wouters (2003), Ireland (2004), Canova and Gambetti

(2009), Rabanal and Rubio-Ramirez (2005), and more recently in Lubik and Schorfheide

(2007) and Kamenik et al. (2013).
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We perform two exercises. First, we estimate the policy rule coefficients ρ, ϕπ and ϕx in

(37) given the parameters in the rest of the equations of the system, which includes actual

volatility of shock, and the simulated data. This exercise shows the impact of misspecification

on the Taylor rule coefficients. In the second exercise, we estimate the same Taylor rule

coefficients, as well as the volatilities of the demand and supply shocks. In this case, the

impact of misspecification goes beyond the policy rule equation and can, eventually, be

transmitted to the stochastic processes in the system. The purpose of this last exercise is

to assess the extend to which the impact of misspecification, on the policy rule coefficients,

can be reduced (or exacerbated) once we let other coefficients of the system to adjust.

We assign prior distributions to Taylor rule coefficients and to the standard deviation of

demand and supply shocks. Then, we used Bayesian techniques to compute the posterior

distribution of relevant coefficients. It should be noticed that this system based approach

requires the system to be determinate. As a consequence, the effective prior distribution is

truncated at the boundary of the determinacy region. Hence, by construction, the prior and

posterior distribution of the policy rule coefficients can not lie in the indeterminacy region.

In short, the Taylor principle always holds.

We choose the density of the priors following Lubik and Schorfheide (2007). The interest

rate smoothing coefficient, ρ, follows a beta prior distribution with mean of 0.5 with and

a standard deviation of 0.25. The priors for ϕπ and ϕx follow an gamma distribution and

are centered at 1.1 and 0.5, respectevely. The coefficients σre and σu follow an inverse

gamma distribution and are centered at their true values, 1 and 0.05 (Table 5). Under the

prior mean, the determinacy conditions, equation (18), holds. In particular, in the long-run

ϕπ + 1−β
κ
ϕx = 2.305 which is well above 1, as required by the Taylor principle 24.

The Bayesian estimates of the Taylor rule coefficients, given the rest of parameters of the

model at their true vales, can be found in Table 6. In addition to 90% posterior probability

intervals we report the posterior mean. The degree of persistence increases substantially,

from the 0.5 value of the prior mean to 0.722. The estimated response to inflation de-

clines importantly from 1.1 to 0.223, whereas the response to the output gap increases just

marginally from 0.5 to 0.546. For all coefficients the 90% interval is very narrow, suggesting,

perhaps erroneously that the data is quite informative in order to identify the policy rule

coefficients.

24With policy persistence the Taylor principle is such that:
ϕπ+

1−β
κ ϕx
ρ > 1
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The log data density declines to -1687 from 885, when only the Wicksellian coefficients

are estimated 25. The estimated Taylor rule imply a weaker response to inflation, both in

terms of its own prior mean, as well as relative to the estimated response to the output gap.

In terms of determinacy, our results show that in the long-run ϕπ + 1−β
κ
ϕx = 1.008, so the

Taylor principle in (18) holds just marginally. Based on these results, it would tempting

to conclude the central bank is not reacting aggresivly to stabilize infaltion. In practice,

however, the PLT policy followed by the central bank stabilizes both, inflation and the price

level, so these conclusions may be incorrect

In order to asses the impact of policy misspecification in the rest of the equations that

characterize the economy, we estimate the policy coefficients as well as the volatility of

structural shocks. As before, policy misspecification tends to affect the estimation of the

Taylor rule coefficients. In particular, the posterior mean of the the policy response to

inflation falls to 0.04 , whereas the estimated response to the output gap increases to 0.718.

The degree of policy persistence increases further to nearly 0.9 (Table 6, last two columns).

The policy misspecification has also important consequences for the other equations in

the system 26. In particular, the estimated size of structural shocks (in absolute and relative

terms) move away from its true value. The estimated demand shock volatility is twice as

large as the true volatility, whereas the volatility of supply shocks declines both in absolute

and relative terms, from 0.05 to 0.03. As before, the Taylor principle holds just marginally:

in the long-run ϕπ + 1−β
κ
ϕx = 1.055.

Table 5: Prior Distribution
Coefficient Prior Mean Density Std. Dev

ρ 0.500 Beta 0.250

ϕπ 1.100 Gamma 0.500

ϕx 0.500 Gamma 0.250

σre 1.000 Inv Gamma 4.000

σu 0.050 Inv Gamma 4.000

25To verify the estimation algorithms work well, we estimate the Wicksell coefficients ψp and ψx. Not
surprisingly, the posterior mean is 1.1 for ψp and 0.51 for ψx with a very narrow 90% interval. In this case,
the log data density is 885.

26In the context of DSGE models the impact that misspecification has on the proper estimation of struc-
tural coefficients is discussed in Canova and Gambetti (2009)
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Table 6: Parameter Estimation Results: Taylor Rule Posteriors

Taylor Rule Taylor Rule/Shocks

Coefficient Prior Mean Post. Mean 90% Interval Post. Mean 90% Interval

ρ 0.500 0.722 [0.720, 0.724] 0.891 [0.886, 0.897]

ϕπ 1.100 0.223 [0.223, 0.224] 0.040 [0.039, 0.041]

ϕx 0.500 0.546 [0.545, 0.548] 0.718 [0.714, 0.723]

σre 1.000 - - 2.238 [2.162, 2.315]

σu 0.050 - - 0.030 [0.029, 0.031]

Log Data Density -1687 160

Taylor Principle (condition 18) 2.305 1.008 1.055

5 Conclusions and future research

In a standard New Keynesian model, we compare the areas of determinacy of two alternative

instrument rules. The first one is a simple Taylor rule in which the policy rate reacts to

movements in inflation and output. The second one is a Wicksellian rule in which the

interest rate reacts to movements in the price level and output. Our main findings are as

follows. First, the area of determinacy for the policy coefficients is, in general, larger for

Wicksellian rules. Second, Wicksellian rules do not need to satisfy the Taylor principle in

order to induce determinacy. In particular, such rules are able to generate determinacy even

in cases in which the nominal rate reacts less than one to one with inflation. In those cases

the main mechanism ensuring determinacy, or an increase in the real ex-ante interest rate in

the face of supply shocks, is the expected future deflation which a Wicksellian rule generates.

Finally, under Wicksellian rules the price level, as well as inflation, are uniquely determined

given the initial conditions. As a consequence, this rule avoids nonlocal nominal paths or

nominal explosions as defined by Cochrane (2011).

There are two practical implications related to the irrelevance of the Taylor principle for

Wicksellian rules. The first is that estimating a Taylor rule when the true underlying rule is

Wicksellian, may lead to conclude -erroneously- that the equilibrium is indeterminate even

in the case in which the price level rules ensures determinacy. The second is that, when the

central bank follows a Wicksellian rule, the frequency of occurrence of an active zero lower
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bound on the policy rate is greatly reduced.

Based on the findings of this paper, there are theoretical issues that could be addressed

in future research. First, in open economies some forms of managed exchange rate rules

may alleviate problems of indeterminacy. In other words, an augmented Taylor rule that,

besides reacting to inflation and output, also moves in the face of changes in the exchange

rate, increases the determinacy area of the policy coefficients (see Llosa and Tuesta (2008)).

Second, the existence of trend inflation in a standard New Keynesian model modifies sub-

stantially the determinacy properties of simple Taylor rules (see Ascari and Ropele (2009)).

In particular, when trend inflation is considered, neither the Taylor principle nor the gener-

alized Taylor principle, which requires the nominal interest rate to be raised by more than

the increase in inflation in the long run, is a sufficient condition for local determinacy of

equilibrium. In this respect, it should be interesting to check the extent to which our main

results for the Wicksellian rules hold in an open economy environment and in the presence

of trend inflation.

From a practical perspective, we have shown that empirical results from Taylor rules

estimates may lead to misleading conclusions about the nature of monetary policy. In this

context, to see the extent to which, under the pre-Volcker period, the policy followed by

the Fed was indeed stabilizing, we could estimate Wicksellian rules during that period in

order to assess the extent to which determinacy conditions under such rules were satisfied.

Finally, recent papers (Giannoni (2014)) have shown that Wicksellian rules have a better

performance in terms of welfare than simple Taylor rules. This analysis does not incorporate

the advantages of Wicksellian rules under the ZLB. In this respect, it would be useful to

assess the extent to which the existence of a ZLB is an element that increases even further

the welfare gains of price level targeting rules.
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A Appendix: proofs

A.1 Necessary and sufficient conditions for determinacy

In order to prove Proposition ??, Proposition 1 and Proposition 2, we need to determine if
matrix B̃ = B−1 has exactly two eigenvalues outside the unitary circle. To this end, we follow
Proposition C.2 in Woodford (2003) that lists a set of necessary and sufficient conditions for
this to be the case. For ease of exposition, we reproduce this proposition here.

Let the characteristic polynomial of the 3x3 matrix B̃, be defined as

P(λ) = λ3 +A2λ
2 +A1λ+A0,

where λ are the eigenvalues of B̃. This equation has one root inside the unit circle and
two roots outside if and only if:

• Case I

P(1) = 1 +A2 +A1 +A0 < 0, (40)

and

P(−1) = 1 +A2 −A1 +A0 > 0; (41)

or

• Case II
P(1) = 1 +A2 +A1 +A0 > 0, (42)

P(−1) = 1 +A2 −A1 +A0 < 0, (43)

and

A4 = A2
0 −A0A2 +A1 − 1 > 0, (44)

or

• Case III

Conditions (42) and (43) hold in addition to

A4 = A2
0 −A0A2 +A1 − 1 < 0 (45)

and

30



|A2| > 3. (46)

A.2 Determinacy of forward-looking Wicksellian rules

In order to prove Proposition 1, we need to determine if matrix B defined in (11) has exactly
two eigenvalues inside the unitary circle. To simplify the algebra, we define B̃ = B−1, so to
achieve determinacy, B̃ needs to have two eigenvalues outside the unit circle.

The characteristic polynomial of matrix B̃ is

P(λ) = λ3 +A2λ
2 +A1λ+A0,

where λ are the eigenvalues of B̃ and

A2 = −(σ − ψx)(1 + β) + σβ + κ(1− ψp)
(σ − ψx)β

,

A1 =
σ(2 + β) + κ− ψx

(σ − ψx)β
,

A0 = − σ

(σ − ψx)β
.

As a result, we can compute P(1) and P(−1) to obtain

P(1) =
κψp

(σ − ψx)β
, (47)

P(−1) =
2(1 + β)(ψx − 2σ)− κ(2− ψp)

(σ − ψx)β
. (48)

We restrict our attention to values of ψx ≥ 0. In this case, the sign of P(1) and P(−1)
depends on whether (σ − ψx) is positive or negative. We consider each case separately.

A.2.1 Case I: σ < ψx

Notice that, in this case, P(1) < 0 and P(−1) > 0 if the following conditions are satisfied:

ψp > 0 (49)

κ(ψp − 2) + 2(1 + β)ψx < 4σ(1 + β). (50)

Hence, if σ < ψx the system is determinate if condition (49) and (50) are satisfied.
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A.2.2 Case II and III: σ > ψx

Notice that, in this case, P(1) > 0 and P(−1) < 0 hold if conditions (49) and (50) are
satisfied. To have determinacy, however, it is requiered in addition that A4 > 0 (Case II) or
A4 < 0 and |A2| > 3 (Case III).

Now, notice that:

A4 =
ψxβ(σ − ψx)(β − 1) + (σ − ψx)βκ+ ψxσ(1− β) + σκ(ψp − 1)

(σ − ψx)2β2
. (51)

For (51) to be positive, since the denominator is positive, the numerator should be positive
as well. This is the case if:

κ(ψp − 1) > −ψx(1− β)2 − ψ2
x(1− β)β

σ
− (σ − ψx)βκ

σ
. (52)

If conditions (50) and (52) are satisfied, then the system is determinate (Case II).
Now, if condition (52) is not satisfied, so that A4 < 0, we require that |A2| > 3 (Case

III). Notice that

|A2| =
∣∣∣∣−(σ − ψx)(1 + β) + σβ + κ(1− ψp)

(σ − ψx)β

∣∣∣∣ . (53)

Assume ψp is not very large, so A2 < 0. Then, condition |A2| > 3 requires that 27

−(σ − ψx)(1 + β) + σβ + κ(1− ψp)
(σ − ψx)β

< −3.

or
κ(ψp − 1) < σ(1− β) + ψx(2β − 1). (54)

We show next that if condition (52) is not satisfied, then condition (54) is automatically
satisfied. To this end, we need to check if, when

κ(ψp − 1) < −ψx(1− β)2 − ψ2
x(1− β)β

σ
− (σ − ψx)βκ

σ
,

it is always the case that condition (54) holds. This is the case if the right hand side
of equation (54) is larger than the right hand side of equation (52). We prove this by
contradiction. Suppose

−ψx(1− β)2 − ψ2
x(1− β)β

σ
− (σ − ψx)βκ

σ
> σ(1− β) + ψx(2β − 1).

Rearranging,

27If ψp is larger than one, condition (52) is always satisfied, so Case III becomes irrelevant.
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−
(
ψx(1− β)2 +

ψ2
x(1− β)β

σ
+

(σ − ψx)βκ
σ

+ (σ − ψx)(1− β) + ψxβ

)
> 0,

which is clearly a contradiction because all terms inside the brackets in the left hand side
of the previous expression are positive. We can conclude that all cases that satisfy P(1) > 0
and P(−1) < 0, either satisfy condition (52) or condition (54). This completes the proof.

A.3 Determinacy of hybrid Wicksellian rules

In order to prove Proposition 2, we need to determine if matrix B defined in (20) has exactly
two eigenvalues inside the unitary circle. To simplify the algebra, we define B̃ = B−1, so to
achieve determinacy, B̃ needs to have two eigenvalues outside the unit circle.

The characteristic polynomial of matrix B̃ is

P(λ) = λ3 +A2λ
2 +A1λ+A0,

where λ are the eigenvalues of B̃ and

A2 =
κ(ψp − 1)− ψxβ − σ

σβ
− 2,

A1 =
β(σ + ψx) + κ+ 2σ + ψx

σβ
,

A0 = −σ + ψx
σβ

.

As a result, we can compute P(1) and P(−1) to obtain

P(1) =
κψp
σβ

> 0, (55)

P(−1) =
κ(ψp − 2)− 4σ(1 + β)− 2ψx(1 + β)

σβ
. (56)

Since P(1) > 0 for all values of the parameters, as long as ψp > 0, we can already discard
Case I as a relevant case to establish areas of determinacy. Instead, we consider Case II and
Case III.

A.3.1 Case II and III:

These conditions require that P(1) > 0 and P(−1) < 0. The first condition is automatically
satisfied. To satisfy the second condition, given that the denominator is always positive, the
numerator must be negative, that is
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κ(ψp − 2)− 2(1 + β)ψx < 4σ(1 + β). (57)

Case II requires the following additional condition to hold

A4 =
ψ2
x(1− β) + κσ(ψp + β − 1)− ψx(κ(ψp − 1) + σ(1− β)2)

σ2β2
> 0. (58)

For (58) to be positive, since the denominator is positive, the numerator should be positive
as well. This is the case if

ψp >
−ψ2

x(1− β) + κσ(1− β) + ψxκ− ψxσ(1− β)2

κ(σ + ψx)
. (59)

If conditions (57) and (59) are satisfied, then the system is determinate (Case II). If
condition (59) is not satisfied, so that A4 < 0, we require |A2| > 3 (Case III). Notice that

|A2| =
∣∣∣∣κ(ψp − 1) + ψxβ − σ − 2σβ

σβ

∣∣∣∣ .
Assume ψp is not very large, so A2 < 0. Then, condition |A2| > 3 requires that 28

κ(ψp − 1)− ψxβ − σ − 2σβ

σβ
< −3,

or

ψp <
σ(1− β) + ψxβ

κ
+ 1. (60)

We show next that if condition (59) is not satisfied, then condition (60) is automatically
satisfied. To this end, we need to check if, when

ψp <
−ψ2

x(1− β) + κσ(1− β) + ψxκ− ψxσ(1− β)2

κ(σ + ψx)
,

it is always the case that condition (60) holds. This is the case if the right hand side
of equation (60) is larger than the right hand side of equation (59). We prove this by
contradiction. Suppose

−ψ2
x(1− β) + κσ(1− β) + ψxκ− ψxσ(1− β)2

κ(σ + ψx)
>
σ(1− β) + ψxβ

κ
+ 1.

Rearranging,

σ2(1− β) + σψxβ + ψxσ(1− β) + ψ2
x + σκβ + ψxσ(1− β)2 < 0,

28If ψp is larger than one, condition (59) is always satisfied, so Case III becomes irrelevant.
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which is clearly a contradiction because all terms in the left hand side are positive. We
can conclude that all cases that satisfy P(1) > 0 and P(−1) < 0, either satisfy condition
(59) or condition (60). Then, the only relevant condition for determinacy is condition (57).
This completes the proof.

A.4 Backward-looking rules

A backward-looking Taylor rule can be expressed as:

it = ϕππt−1 + ϕxxt−1, (61)

The system formed by equations (1), (2) and (61) can be rewritten as

Etyt+1 = B̃yt + C̃zt,

where yt = [xt; πt; it], zt = [ret ;ut] and

B̃ =

 βσ+κ
βσ

− 1
βσ

1
σ

−κ
β

1
β

0

ϕx ϕπ 0

 . (62)

This system has two endogenous non-predetermined variables, xt and πt, and one en-
dogenous predetermined variable, it. The following proposition characterizes the necessary
and sufficient conditions for determinacy when the rule (61) is implemented 29.

Proposition 6. Under backward-looking Taylor rules such as (61) the necessary and suffi-
cient conditions for a rational expectations to be unique (determinate) are either that

κ(ϕπ − 1) + ϕx(1− β) < 0 and

κ(ϕπ − 1) + ϕx(1 + β) > 2σ(β + 1),

or

κ(ϕπ − 1) + ϕx(1− β) > 0 and

κ(ϕπ − 1) + ϕx(1 + β) < 2σ(β + 1),

Proof. In order to prove the proposition, we need to determine if matrix B̃ defined in (62)
has exactly two eigenvalues outside the unitary circle.

The characteristic polynomial of B̃ is given by

P(λ) = λ3 +A2λ
2 +A1λ+A0,

29Bullard and Mitra (2002) also study the determinacy areas of these type of rules, but only determine
analytically sufficient conditions for determinacy, while we establish necessary and sufficient conditions.
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where λ are the eigenvalues of B̃ and

A2 = −βσ + κ+ σ

βσ
,

A1 = −βϕx − σ
βσ

,

A0 =
ϕπκ+ ϕx

βσ
.

We can compute P(1) and P(−1) to obtain

P(1) =
κ(ϕπ − 1) + ϕx(1− β)

βσ
,

P(1) =
−2βσ − κ(1− ϕπ)− 2σ + ϕx(1 + β)

βσ
.

We consider cases I and II separately.

A.4.1 Case I:

Notice that, in this case, P(1) < 0 and P(−1) > 0 if the following conditions are satisfied:

κ(ϕπ − 1) + ϕx(1− β) < 0,

κ(ϕπ − 1) + ϕx(1 + β) > 2σ(1 + β).

A.4.2 Case II:

Notice that, in this case, P(1) > 0 and P(−1) < 0 if the following conditions are satisfied:

κ(ϕπ − 1) + ϕx(1− β) > 0,

κ(ϕπ − 1) + ϕx(1 + β) < 2σ(1 + β).

Moreover, we need that

A4 =
(ϕπκ+ ϕx)(ϕπκ+ ϕx + βσ + κ+ 1)− β2σϕx + σ2β − β2σ2

β2σ2
> 0.

For this expression to be positive, it is required that the numerator is positive. Rear-
ranging the numerator, it can be expressed as

ϕπκ(ϕπκ+ ϕx + βσ + κ+ σ) + ϕx(ϕπκ+ ϕx + κ+ σ) + ϕxβσ(1− β)− βσ2(β − 1),
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which is clearly positive because β < 1 and, thus, all terms in the previous expression
are positive. This completes the proof.

A backward-looking Wicksellian rule reads:

it = ψp(pt−1 − p̄) + ψxxt−1, (63)

As before, the system composed by equations (1), (2) and (63) can be cast in the form:

Etyt+1 = B̃yt + C̃zt + D̃p̄,

where yt = [xt; πt; it; pt−1], zt = [ret ;ut]. In this particular case, the B̃ matrix takes de
form:

B̃ =


βσ+κ
βσ

− 1
βσ

1
σ

0

−κ
β

1
β

0 0

ψx ψp 0 ψp
0 1 0 1

 . (64)

Notice that this system has two endogenous non-predetermined variables, xt and πt, and
two endogenous predetermined variables, it and pt−1. In this case, for the equilibrium to be
determinate it is required that the matrix B̃ has two eigenvalues outside the unitary circle
and two inside.

Given that matrix B̃ is a 4× 4 matrix, we cannot characterize analytically the regions of
determinacy, indeterminacy and explosive solutions 30. Instead, we claim that the region of
determinacy is the same as the one for forward-looking and hybrid Wicksellian rules.

Claim 1. Under backward-looking Wicksellian rules such as (63) the necessary and sufficient
condition for a rational expectations equilibrium to be unique (determinate) is that

κ(ψp − 2) + 2(1 + β)ψx < 4σ(1 + β).

Notice that, if Claim 1 is correct, backward-looking Wicksellian rules do not need to
satisfy the Taylor principle. In this case, however, we cannot ascertain that a Wicksellian
rule leads to a larger area of determinacy than a Taylor rule, because there is an additional
area of determinacy in the Taylor rule for which the Taylor principle is not satisfied.

We assess the validity of Claim 1 through a numerical example in the spirit of the ones
conducted before. The darker area corresponds to combinations of parameters {ϕx, ϕπ} of
the Taylor rule and parameters {ψx, ψp} of the Wicksellian rule for which the systems are de-
terminate. The semi-dark shaded area corresponds to combinations of parameters {ϕx, ϕπ}

30To our knowledge, in the case of a 4 × 4 matrix there are no theorems that characterize regions where
the eigenvalues are inside or outside the unitary circle, as is the case with 3 × 3 matrices (see Woodford
(2003)).
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of the Taylor rule for which the system is determinate, but to parameters {ψx, ψp} of the
Wicksellian rule for which the system is explosive. The lighter shaded area corresponds to
combinations of parameters {ϕx, ϕπ} of the Taylor rule for which the system is indeterminate,
but to parameters {ψx, ψp} of the Wicksellian rule for which the system is determinate. Fi-
nally, the non-shaded area corresponds to combinations of parameters {ϕx, ϕπ} of the Taylor
rule and parameters {ψx, ψp} of the Wicksellian rule for which the systems are explosive.

As it is clear from Figure 5, the region of determinacy of a Wicksellian backward-looking
rule is identical to the region of determinacy under a forward-looking rule. Then, Claim 1
is confirmed (in this particular example). From the numerical example, it is not possible to
conclude that one area of determinacy is larger than the other. It is still the case, however,
that the Wicksellian rule does not need to satisfy the Taylor principle. The Taylor rule, on
the contrary, has to satisfy this principle for some combinations of parameters {ϕx, ϕπ} in
order to attain determinacy.

A.5 Systematic Bias in Simple Taylor Rules

Proof. The Wicksellian rule in (35) is equivalent to a simple Taylor rule of the form:

it = it−1 + ψpπt (65)

As a consequence, the OLS estimator of ϕπ in (34) is a biased estimator of ψp. The bias is
determined by the correlation between the explanatory variable in (34), πt, and the omitted
variable, it−1. In particular,

Et (ϕ̂π) = ψp + Et

(∑T
t=0 πtit−1∑T
t=0 π

2
t

)
(66)

where Et =
(∑T

t=0 πtit−1∑T
t=0 π

2
t

)
is the bias. Under the Wicksellian rule prices are stationary

and determined according to equation (33), pt = apr
e
t + bput + cppt−1, where 0 < cp < 1. As

a consequence, it can be shown that:

Et
(
π2
t

)
=

2
[
(cp − 1)bpEt (pt−1ut) + (cp − 1)apEt (pt−1r

e
t ) + b2pEt (u2t ) + a2pEt (ret )

2 + 2apbpEt (utr
e
t )
]

(1 + cp)
(67)

Now, under the Wicksellian rule (35) it is possible to derive the following expression for
the lagged interest rate, it−1 = ψp (πt + πt−1 + ....+ πt−τ+1), where pt−τ converges to zero as
τ increases. Based on the previous expression, it is possible to express πtit−1 as:
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Et(πtit−1) = ψp [πtπt−1 + πtπt−2 + ....+ πtπt−1+τ ]

= ψp[(cp − 1)(1− cp)Et(p2t )(1 + cp + c2p + ...+ cτ−1
p )+

+ bpEt (pt−1ut) + apEt (pt−1r
e
t ) + Et(kt) + Et(zt)]

= −ψp
1

2
Et
(
π2
t

)
+ Et(kt) + Et(zt)

(68)

where kt = −pt−τ
[
(cp − 1)bp

∑τ−1
j=1 c

j−1
p ut−j + bput

]
and zt = −pt−τ

[
(cp − 1)ap

∑τ−1
j=1 c

j−1
p ret−j + apr

e
t

]
,

and we have used the fact that Et(p
2
t ) = Et(p

2) for any t. Notice that both, kt and zt converge
to zero as τ increases. Hence, based on (67) and (68), we conclude that:

Et (ϕ̂π) =
1

2
ψp + Et

(∑T
t=0(kt + zt)∑T

t=0 π
2
t

)
=

1

2
ψp

(69)

where, for a large τ , kt and zt converge to zero for any t = 0 to T .
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