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Can we Identify the Fed’s Preferences?”

Jean-Bernard Chatelain! Kirsten Ralff
June 27, 2017

Abstract

Shifting from Ramsey optimal policy to time-consistent policy or optimal simple
rule corresponds to a saddle-node bifurcation of the dynamic system of the economy.
A pre-test of Ramsey optimal policy versus time-consistent policy rejects time-
consistent policy and optimal simple rule for the U.S. Fed during 1960 to 2006,
assuming the reference new-Keynesian Phillips curve transmission mechanism with
auto-correlated cost-push shock. The number of reduced form parameters is larger
with Ramsey optimal policy than with time-consistent policy although the number
of structural parameters, including central bank preferences, is the same. The new-
Keynesian Phillips curve model is under-identified with Ramsey optimal policy (one
identifying equation missing) and hence under-identified for time-consistent policy
(three identifying equations missing). Estimating a structural VAR for Ramsey
optimal policy during Volcker-Greenspan period, the new-Keynesian Phillips curve
slope parameter and the Fed’s preferences (weight of the volatility of the output
gap) are not statistically different from zero at the 5% level.

JEL classification numbers: C61, C62, E31, E52, E58.

Keywords: Ramsey optimal policy, Time-consistent policy, Identification,

Central bank preferences, New-Keynesian Phillips curve.

1 Introduction

Can we pre-test if the Fed follows Ramsey optimal policy or a time-consistent policy
(Cohen and Michel (1988), Gali (2015) chapter 5)?7 Are the Fed’s preferences facing the
same identification problem as Taylor rule parameters? Cochrane (2011) found that the
simple Taylor rule parameter describing the response of the interest rate to inflation is
not identified in new-Keynesian models including forward-looking inflation and a non-
observable auto-regressive shock.

There are several estimations of Fed’s preferences assuming inflation is a predeter-
mined variable or a forward-looking variable, assuming Ramsey optimal policy or time-
consistent policy, assuming Phillips curve or new-Keynesian Phillips curve as a mone-
tary policy transmission mechanism: e.g. Cechetti and Ehrmann (2002), Ozlale (2003),
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Castelnuovo and Surico (2004), Castelnuovo (2006), Juillard et al. (2006), Adjemian and
Devulder (2011), Levieuge and Lucotte (2014), Paez-Farrell (2015)...

This paper presents new pre-test and test of Ramsey optimal policy with the new-
Keynesian Phillips curve including an auto-regressive cost-push shock (Debortoli and
Nunes (2014)) versus time-consistent policy (Gali (2015, chapter 5)). In this model,
inflation is assumed to be a forward-looking variable which needs to be anchored, the
auto-regressive cost-push shock is a non-observable predetermined forcing variable and
the policy instrument is assumed to be the output gap ("targeting rule"). We demonstrate
that time-consistent policy corresponds to optimal simple rules in this model. Kollmann
(2002) and (2008) is a precursor for optimal simple rules simulations in models including
the new-Keynesian Phillips curve.

Barnett and Chen (2015), Barnett and Eryilmaz (2016), Barnett and Duzhak (2010,
2008) emphasized the importance of bifurcations in new-Keynesian macroeconomic mod-
els. We demonstrate that shifting from Ramsey optimal policy to time-consistent policy
corresponds to a bifurcation of the economy dynamic system, where the bifurcation pa-
rameter is the inflation Taylor rule parameter. The policy instrument and policy maker’s
Lagrange multiplier are predetermined in Ramsey optimal policy. By assumption, the
policy instrument is forward-looking in time-consistent policy. According to Blanchard
and Kahn’s (1980) determinacy condition, Ramsey optimal policy has richer dynamics
than time-consistent policy. It includes one more predetermined variable, one more stable
eigenvalue and one more linearly independent variable in its stable vector auto-regressive
(VAR) representations than time-consistent policy. In these VAR representations, Ram-
sey optimal policy rule responds to a number of variables equal to the number of prede-
termined and of forward-looking variables of the private sector. Time-consistent policy
rule responds to a number of variable equal to the number of predetermined variables of
the private sector only.

This bifurcation provides the principle of our pre-test of the two different spanning
conditions of Ramsey optimal policy versus time-consistent policy and optimal simple
rules. It pre-tests the number of linearly independent observed variables with stable
dynamics which is larger in Ramsey optimal policy than in time-consistent policy. This
principle holds for any DSGE model. For US data from 1960 to 2006, time-consistent
policy and optimal simple rule are strongly rejected with respect to Ramsey optimal policy
using this pre-test.

This bifurcation also matters for the identification of Fed’s preferences and of the
slope of the new-Keynesian Phillips curve. Because of the exact collinearity restriction
between observable policy instrument and policy target with time-consistent policy, its
number of reduced form parameter is smaller than with Ramsey optimal policy. But the
number of structural parameter, including central bank preferences, is the same for both
policy regimes. In this model, three identifying equations are missing in time-consistent
policy and only one for Ramsey optimal policy.

The identification issue of time-consistent policy has exactly the same consequences
than the one investigated by Cochrane (2011) for Taylor rule in new-Keynesian mod-
els. Only the auto-correlation parameter of the non-observable cost-push shock can be
identified. But the Fed’s preferences and the slope of the new-Keynesian Phillips curve
cannot be identified with time-consistent policy and optimal simple rule. By contrast, the
Fed’s preferences (the relative cost of changing the policy instrument) and the slope of
the new-Keynesian Phillips curve can be identified with Ramsey optimal policy when the
Fed’s discount factor is exogenously given, fulfilling the missing identifying restriction.



There remains an identification problem when estimating the single equation of the
Ramsey optimal policy rule with a non-observable auto-correlated shock which is derived
by Gali (2015, chapter 5). This identification problem is exactly the one investigated
by Feve, Matheron and Poilly (2007), Griliches (1967), Blinder (1986), McManus et al.
(1994). The estimated auto-correlation parameter of the lagged policy instrument and
the estimated auto-correlation parameter of the non-observable shock can be substituted
one for the other and lead to observationally equivalent dynamics. If these two estimated
auto-correlation coefficients are identical, this identification problem vanishes.

We eliminate this identification issue estimated a full-information vector auto-regressive
model including not only the Ramsey policy rule but also the information of the mon-
etary policy transmission equation. Taking into account the transversality conditions
of Ramsey optimal policy, we use the exact collinearity between the policy instrument,
the policy target and the cost-push shock in order to eliminate the non-observable cost
push shock auto-regressive equation. We replace it by the equation of observable infla-
tion. The parameters of lagged inflation and the lagged policy instrument into the VAR
are a functions of the auto-correlation of the cost-push shock, which can be identified.
The auto-correlation parameter of the non-observable cost-push shock do not show up
any longer into the disturbances. Hence, the disturbances are not auto-correlated: they
satisfy the white noise assumption of VARs.

In the test of Ramsey optimal policy, the two key parameter estimates are not statis-
tically different from zero. The first parameter is the slope of the new-Keynesian Phillips
curve (parameter ) which models the monetary policy transmission effect of the policy in-
strument on inflation. This result is in line with hundreds of estimates of the parameter x
in limited-information single-equation of the new-Keynesian Phillips curve in Mavroeidis,
Plagbord-Msller and Stock’s (2014) Journal of Economic Literature survey. In this paper,
the evidence is obtained estimating a full-information structural vector auto-regressive
(VAR) of Ramsey optimal policy, including two equations: the new-Keynesian Phillips
curve monetary policy transmission mechanism and a representation of Ramsey optimal
policy rule. The very weak partial correlation between lagged output gap and inflation in
the unconstrained VAR also suggests misspecification. For example, adding the cost of
(working) capital channel into the new-Keynesian Phillips curve is likely to bring slightly
better results (Bratsiotis and Robinson (2016)).

The second parameter is the Fed’s preference of the cost of changing the policy in-
strument. If the monetary policy transmission effect is zero, even if the central bank is
willing to stabilize inflation at any cost, it is not able to achieve this policy. There is
nothing counterfactual in these estimates.

The bifurcation of the dynamic system of Ramsey optimal policy with respect to
time-consistent policy explains striking differences in their ability to model the persis-
tence of macroeconomic time-series. Unconstrained VAR parameter estimates are close
to the values of reduced form parameters computed from structural parameters estimates
of Ramsey optimal policy. The inflation equation of the VAR has identical estimates
in both cases. In the policy instrument equation of VAR, its persistence shifts from an
unconstrained estimate equal to 0.9 to a Ramsey optimal policy estimate close to a unit
root. Ramsey optimal policy predicts too much persistence of the policy instrument. Ad
hoc additional assumptions such as inflation indexation and consumption habits in the
new-Keynesian Phillips curve would push towards even more persistence for Ramsey opti-
mal policy, that is, an even more sizable misspecification. By contrast, these assumptions
inflating persistence are often needed in order to conceal the misspecification of the time-



consistent model predicting not enough persistence for some observable macroeconomic
time-series.

Last but not least, the bifurcation related to the shift of Ramsey optimal policy to
time-consistent policy implies that Ramsey optimal policy is likely to be much more
robust to the Fed’s measurement errors of inflation and of the output gap for stabilizing
the economy than time-consistent policy. Else, measurement errors on the inflation and
the output gap are assumed to be strictly collinear (perfectly correlated with a given
slope), in order to remain into the unique stable subspace of dimension one of time-
consistent policy. Once measurement errors are no longer strictly collinear, small changes
in data can cause large change in dynamics of time-consistent policy and optimal-simple
rule. It can cause the failure of inflation stabilization policy.

Section 2 presents our estimation methods of Ramsey optimal policy and time-consistent
policy. Section 3 presents the bifurcation related to the shift from Ramsey policy to time
consistent policy, the null hypothesis of related the pre-test and its implementation on
US data during 1960-2006. Section 4 tests Ramsey optimal policy. Section 5 compares
the robustness to measurement errors of Ramsey optimal policy versus time-consistent
policy. The last section concludes.

2 The Optimal Monetary Policy Problem

We follow exactly Gali’s (2015, chapter 5) reference model for Ramsey optimal policy
considers the case of an efficient steady state. The welfare losses experienced by the
representative household are, up to a second-order approximation, proportional to:

{ze,me }

+oo
o(rovu0) = mex — 15, {za (w3+%xf)} )

where x; represents the welfare-relevant output gap, i.e. the deviation between (log)
output and its efficient level. 7; denotes the rate of inflation between periods t — 1 and .
u; denotes a cost-push shock. 3 denotes the discount factor. F; denotes the expectation
operator. v(mp,ug) denotes the optimal value function. Coefficient o, > 0 represents
the weight of the fluctuations of the marginal cost of the firm (measured by the output
gap) relative to inflation in the loss function. Coefficient o, > 0 is the relative cost of
the changing the policy instrument with respect to the costs of fluctuations of the policy
target, which is inflation. It is given by o, = £ where £ is the coefficient on the marginal
cost of the firm x; in the New Keynesian Phillips curve, and ¢ is the representative
household’s elasticity of substitution between each differentiated goods. More generally,
and stepping beyond the welfare-theoretic justification for (1), one can interpret «a, as
the weight attached by the central bank to deviations of output from its efficient level
(relative to price stability) in its own loss function, which does not necessarily have to
coincide with the household’s.

The reference new-Keynesian Phillips curve is the monetary policy transmission mech-
anism:

7 = BEy [mi1] + kxy + up where £ > 0,0 < 5 < 1 (2)

The reduced-form parameter (denoted k) of the slope of the new-Keynesian Phillips
curve relates inflation to marginal cost or to the output gap. It depends on four structural



parameters: the representative household discount factor 3, the household’s elasticity of
substitution between each differentiated goods e, the measure of decreasing returns to
scale of labor in the production functions of the firms 7, and the proportion of firms who
do not reset their price each period 6 (Gali (2015), chapter 3):

(1-6)1-p56) (1-n)
0 (1—n+ne)

Econometricians estimate the slope £ and may estimate the discount factor 5. But
three parameters (g,7,0) face an under-identification problem. An infinite number of
values of (g,7,0) lead to an observationally equivalent given estimate of k. Hence ¢ is
not identified and welfare preferences a, = £ are not identified with respect to observa-
tionally distinct Fed’s preferences o, # %. One may assume arbitrarily an identification
restriction for the elasticity of substitution € that the Fed’s preferences are identical to
the household’s preferences o, = £. The welfare preferences o, = £ is a useful theory
for normative economics. But it is a useless under-identifed model for positive economics
(Chatelain and Ralf (2017)).

The central bank minimizes (1) subject to the sequence of constraints given by (2).
The cost push shock u; includes an exogenous auto-regressive component:

l{/(/87€777’9) =

Ur = puy—1 + €44 where 0 < p < 1 and €, i.i.d. normal N (O, ai) (3)

where p denotes the auto-correlation parameter and ¢; is identically and independently
distributed (i.i.d.) according to a normal distribution with constant variance o2

w*

2.1 Ramsey Optimal Policy
2.1.1 Solution using Lagrange Multipliers

A policy maker with a mandate for a new policy regime revised on date ¢ = 0 (corre-
sponding to a structural break in econometrics) commits to Ramsey optimal policy from
the current date until a given known date 17" where the optimal policy is optimized again
(Debortoli and Nunes (2014), appendix 4). The duration 7" of commitment ranges from
a minimal duration of two weeks between official meetings of the boards of governors for
the European Central Bank up to ten to twenty years of a stable monetary policy regime.
Ramsey optimal policy can be solved directly using Bellman’s equation, substituting the
law of motion of the economy into the policy-maker’s loss function without Lagrange
multipliers. With the Lagrange intermediate computations, the Lagrangian of Ramsey
optimal policy includes a sequence of Lagrange multipliers ;1.

t=T
1
;C — _EO E Bt |:§ (7Tt2 + O{wﬂff) —I— "Vt—i—l (ﬂ-t — RT¢ — 677154_1) (4)
t=0

The law of iterated expectations has been used to eliminate the condition expectations
that appeared in each constraint. Because of the certainty equivalence principle for
determining optimal policy in the linear quadratic regulator including additive normal
random shocks (Simon (1956)), the expectations of random variables u; are set to zero
and do not appear in the Lagrangian.

The program includes given initial uy and final boundary conditions for the predeter-
mined forcing variable variable tginooﬁtl% = 0. It also includes optimal initial and final



boundary values of the forward-looking variable inflation. These transversality conditions
minimize the optimal value of the central bank’s loss function at the initial and the final
date:

%ﬁm) = 0 = 'y, predetermined for t = {0,T} & 7, = 7} for t = {0, T} (5)
Ty

. Ov(mr,ur) o p . .
i P 0= 57 i =l T o 0

In this paper, the estimated regimes last between 78 to 108 quarters, which may be
considered as a long horizon. We follow Gali (2015) and we consider the limit case where
the revision for a new policy regime happens in the infinite horizon. Differentiating the
Lagrangian with respect to the policy instrument (output gap z;) and to the policy target
(inflation 7;) yields the first order optimality conditions:

oL

—=0= Ol — RYt41 = 0 (7)
axt
oL
a—:():>7rt+%+1—%:0 (8)
T
K K
YW=0=z_1=——y=0and mp = —y; = — % 9)

that must hold for ¢ = 1,2, ... The natural boundary condition vy = 0 minimizes the
loss function with respect to inflation at the initial date. It predetermines the policy
instrument which allows to anchor the forward-looking policy target (inflation). The
inflation FEuler equation corresponding to period 0 is not an effective constraint for the
central bank choosing its optimal plan in period 0. The former commitment to the value
of the policy instrument of the previous period z_; is not an effective constraint. The
policy instrument is predetermined at the value zero x_; = 0 at the period preceding the
commitment.

Combining the two optimality conditions to eliminate the Lagrange multipliers yields
the optimal initial anchor of forward inflation 7y on the predetermined policy instrument
ZTo:

Ay

o = —?170 (10)

and the central bank’s Euler equation for the periods following period 0, for t =
1,2,3...
K

Ty = Tp—1 — —T¢. (11)

The central bank’s Euler equation links recursively the future or current value of
central bank’s policy instrument z; to its current or past value x; 1, because of the
central bank’s relative cost of changing her policy instrument is strictly positive a, > 0.
This non-stationary Euler equation adds an unstable eigenvalue in the central bank’s
Hamiltonian system including three laws of motion of one forward variable (inflation ;)
and of two predetermined variables (ug, z;) or (ug,y;).

Ljungqvist and Sargent (2012, chapter 19) seek the stationary equilibrium process us-



ing the augmented discounted linear quadratic regulator (ADLQR) solution of the Hamil-
tonian system (Anderson, Hansen, McGrattan and Sargent (1996)) as an intermediate
step. Using the method of undetermined coefficients, this solution seeks optimal negative-
feedback rule parameters F p= (F g, F, r) function of structural parameters (o, 3, K, p)
satisfying the infinite horizon transversality conditions. The policy instrument should be
exactly correlated with private sectors variables:

T :Fﬂ',R (amﬁa "’i)ﬂt_‘_Fu,R (O‘xaﬁaﬁap)ut' (12)

Ljungqvist and Sargent (2012, chapter 19) ADLQR intermediate step basis vectors
(7, uy) of the stable subspace or Ljungqvist and Sargent (2012, chapter 19) final step
basis vectors (7, u:) and Gali’s (2015, chapter 5) basis vectors (z¢,u;) include the non-
observable predetermined cost-push shock wu; in their VAR(1) within the Hamiltonian
system (H). How to derive one representation from the other is described in the appendix.

2.1.2 Circumventing Feve, Matheron, Poilly (2007) policy rule identification
issue with a full information estimation

In the case of a single controllable variable with explicit solutions for (Fy g, Fi r), it is
feasible to solve the issues raised by Stderlind’s (1999) estimation method (see appendix).
This new estimation method give insights and hope for further research with implicit
solutions for F based on matrix Riccati and Sylvester equations when there is at least two
controllable variables. Firstly, the stable subspace optimal rule constraint is complicated.
But, secondly, it helps to remove a fundamental limited-information identification issue
for policy rules highlighted Feve, Matheron and Poilly (2007), Griliches (1967), Blinder
(1986), McManus et al. (1994). .

Firstly, we substitute the non-stationary Euler equation by the stationary optimal
rule including endogenous (Fi g, Fy r)-

Secondly, we do a full-information estimation of the optimal policy rule and its trans-
mission mechanism, including all the equations of optimal policy for observable variables
(inflation and the policy instrument). We use the stable subspace optimal rule constraint
to eliminate the auto-regressive shock in the VAR(1) in the inflation equation and sub-
stitute it by the policy instrument. In this VAR(1), the auto-correlation parameter of the
shock appears inside the matrix of the auto-correlation of the observable variables (in-
flation and the policy instrument), but not in the residuals of this VAR, which are white
noise. The auto-correlation parameter of the shock appears into the residuals estimat-
ing of the inflation equation, with lagged inflation and auto-correlated cost-push shock,
(leading to Griliches identification problem) only because it is a limited-information es-
timation, estimating only the inflation (transmission mechanism) equation of the model
without estimating jointly the optimal policy rule equation. This full-information method
holds with an auto-correlated cost-push shock (with its parameter estimated): it does not
assume this auto-correlation is zero to obtain white noise in the full information VAR.

We suggest using the basis vectors (m;,x;) of the stable subspace for the VAR(1)
representation within the Hamiltonian system, using the mathematical equivalence of
systems of equations for t = 1,2, 3... :
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F, r is eliminated using —%—% wr = (1—p)Ag ?‘;2 and F, p = 1:\1;1?0% (see appendix
1):
B PAR (1= p) Arg— > ( pPAr (1= p)(1=2Ag)
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with:
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where the two invariant stable eigenvalues of the stable subspace are Ar denoted o
by Gali (2015) and p (appendix 2). The other representations of the VAR(1) including
the non-observable cost-push shocks u; amounts to estimate the VAR(1) as a partial
adjustment inflation or output gap equation with serially correlated cost-push shocks ;.
These equations face a classic problem of identification and multiple equilibria, because
the auto-correlation of the dependent variable and of the disturbances are competing
to model persistence (Griliches (1967), Blinder (1986), McManus et al. (1994), Féeve,
Matheron Poilly (2007)).

We eliminate the non-observable serially correlated cost-push shock u; with a change of
basis vectors (7, ;) including observable variables. Hence, we are able to fit a structural
VAR(1) with the assumption of white noise shocks instead of serially correlated shocks
(Sims (1980)). Structural parameters are estimated with feasible generalized non-linear
least squares for a system of equations. Theory-based constraints on the four reduced form
parameters of the matrix M~! (A + BF) M imply that only three structural parameters
can be identified: p,Agr, Fr g or p,Ag, = or p, () , k (B) for a given value of the discount
factor f3:

Qg
K

)
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If initial values of inflation and of the policy instrument (in deviation from their equi-
librium values) were perfectly measured at the date of commitment, the ratio <= would
be over-identified by the optimal initial anchor of forward inflation on the predetermined
policy instrument equation:

L —— (15)

K ZTo

The semi-reduced form cost-push shock rule parameter F,, p requires an identification
restriction, for example, setting a value for 3 (see appendix 2):

1
Fur(B) = mFmR < 0. (16)

The standard error o, of cost-push shock is computed using the standard error of
residuals o, , of the output gap rule equation in the VAR(1). It requires an identification
restriction, because it depends on F), p:

O¢x

0 (B) = e a7)

“ Fu,R (ﬁ)
The standard error of the measurement of the inflation equation o, (which is theo-
retically predicted to be zero) and its covariance with the cost push shock o, = F, roy,

are also available.

One identifying equation is missing in order to identify the remaining four structural
parameters (ay, K, 3, 0,,) and the negative feedback rule parameter F,, . We set an iden-
tification restriction on the discount factor to a given value: 5 = 0.99 or § = 1 in the
estimations. One of the reason why an identification restriction is required for Ramsey
optimal policy is that the AR(1) cost-push shock w; is not observable. The usual practice
of DSGE modelers is to include a number of AR(1) processes equal to the number for-
ward variables, i.e. all prices and flows of quantities variables in their model. The larger
the number of non-observable AR(1) processes, the more likely identifying structural pa-
rameters of Ramsey optimal policy (including central bank preferences) would require
additional identification restrictions.

2.2 Time-Consistent Policy

Following Roberds (1987) and Schaumburg and Tambalotti (2007), Debortoli and Nunes
(2014, appendix 4) consider that the Ramsey policy maker can re-optimize every two (or
more) periods. They also considered that there is a probability that the Ramsey policy
maker re-optimize next period. Before this quasi-commitment approach, Cohen and
Michel (1988) and Oudiz and Sachs (1985) invented a particular time-consistent policy,
which holds if the policy maker optimizes at all periods. In the next section, Ramsey
optimal policy (with infinite or finite horizon of at least two periods before optimizing
again) has one more stable eigenvalue than the time-consistent policy. This corresponds
to a bifurcation of the economy dynamic system, where the bifurcation parameter is the
inflation Taylor rule parameter. For this reason, time-consistent policy with optimization
at all periods is not the limit case of Ramsey optimal policy with finite horizon with



re-optimization every two periods tending to every period.

Time-consistent policy is applied by Gali (2015) using the new-Keynesian Phillips
curve transmission mechanism with a very minor change with respect to Cohen and
Michel (1988) and Oudiz and Sachs (1985) detailed in the appendix. The policy maker’s
knows exactly the parameters of the policy transmission mechanism. The central bank
minimizes its loss function subject to the new-Keynesian Phillips curve and subject to two
additional constraints. These constraints forces the marginal value of the loss function
with respect to inflation (the policy maker’s Lagrange multiplier on inflation) to stick
to the value zero at all periods. Hence, this rule does not change if the policy maker
optimizes at the initial date or at any future date.

These constraints assume that both the private sector and the central bank commit
for ever to restricted policy rules where their policy instrument reacts only to the con-
temporary predetermined variable u; at all periods t, with a perfect correlation. These
time-consistent rules are determined by time-invariant rule parameters Np¢ and F, ¢
to be optimally chosen for all periods, assuming common and complete knowledge of
structural parameters including preferences of both agents:

7 = Npcw, and o = Fy, rowy (18)

Indeed, the central bank policy time-consistent rule has a representation where its
policy instruments responds only to current inflation, after substitution of private sector
time-consistent rule:

Fure
Nrc

The Central Bank commits for ever to a restricted time-consistent rule where the pol-
icy instrument responds only to current inflation or only to the current non-observable
cost-push shock with a perfect correlation. Time-consistent policy is the opposite of time-
inconsistent discretion, which is the ability of not sticking to any policy rules over time
because new problems arise that could not be anticipated. Researchers who invented
time-consistent policy in the 80’s did not described it as discretionary policy which does
not follow rules and can be time-inconsistent hence, is not bound to this specific time-
consistent behavior, which is unchanged whether they optimize again or not. Renaming
time-consistent policy as discretionary policy suggests misleading interpretations, be-
cause, for many economists, there exists a variety of alternative discretionary policies
which differ widely from this particular time-consistent policy.

In order to have policy rule parameters to be identified, the reduced form represen-
tations of the rules of the optimal policy reacts to a number of variables equal to the
number of predetermined variables. In Ramsey optimal policy, this number is equal to
two. It is equal to one with time-consistent policy. Ramsey optimal policy allows a
less-restricted, more-flexible reduced form representations of its policy rules, where the
policy instruments responds to its lagged value in addition to current inflation or current
cost-push shock. In practice, this rule has more room for flexibility and adjustment due
to misspecification than rules of time-consistent policy.

We derive the solution of time-consistent monetary policy facing the new-Keynesian
Phillips curve according to Cohen and Michel (1988) and Oudiz and Sachs (1985). Sub-
stituting the private sector’s inflation rule and the policy rule in the loss function:

Ty = Fu,TCut = Fﬂ',TCT(t with FTI',TC = (19)

10
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The central bank first order condition is:

a]Vu,TC
e 8Fu7TC
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F7r TC — =
, NTC Oy aFu,TC’

Substituting the private sector’s inflation rule and the policy rule in the inflation law
of motion leads to the following relation between Npc on date t, Npc 41 and Fy, re:

Ty = ﬁEt [7Tt+1] + KT + Uy =
Nrcuy = BNrer1pue + Ky rou + uy
Nrc = BpNroiy1 + kFyre + 1

In the reference Oudiz and Sachs’ (1985) dynamic Nash equilibrium, the central bank
foresees that Npc i1 = Nrpe in its optimization (see appendix):

kburc+1  KErroNro+1 N ONurc K
1—pp 1—PBp OF,rc 1-pp

The endogenous rule parameters are increasing function of the central bank cost of
changing the policy instrument «,. They are bounded by limit values of «, € ]0,4+o0:

Nrc =

= (1 — 1
0 < TLre _ Npe(ay) = ag ( gp) e
(1 + az (1= 5p)" + K 1—PBp
1 Tt 7O —K
—— < —==F, o) = <0
K Uy 7ol +) a (1 - 5P)2 + K2
Ty TC F.re —K —K
—00 < u = I, Q) = ’ = <—<0
7Tt,TC ’TC( —0—) NTC (07% (]- - 6,0) Ay

For an infinite cost of changing the policy instrument o, — +oo, we label this
equilibrium as "laissez-faire" because two policy rule parameters are both equal to zero
Fr1rc¢ =0 = F,rc. The policy instrument z; is set to zero at all dates: it is eliminated in
the model. It corresponds to the maximal initial response of inflation (in absolute values)
to cost-push shock Nu; = %Wut for time-consistent policy.

For the limit case of a zero cost of changing the policy instrument (a, — 0), the
policy instrument (output gap) has its largest response to cost-push shock zq = —%uo SO
that the policy target (inflation) does not respond to the cost-push shock (Nr¢ is zero).

The policy instrument (the output gap) x, is exactly negatively correlated (Frrc < 0)
with the policy target (inflation) m,. When increasing the central bank’s preferences (a,)
for the relative cost of changing the output gap from zero to infinity, the strictly negative
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rule parameter F; ¢ increases from minus infinity to zero. There is one stable eigenvalue
and one unstable eigenvalue:

0<p<1<%§)\m:%

The welfare loss of time-consistent policy vrc as a proportion of the limit maximal

value of the welfare loss with the largest volatility of inflation (laissez-faire) v r turns to

be equal to the ratio of inflation under time-consistent policy to inflation under laissez-

faire. It increases from zero to one when the cost of changing the policy instrument
increases from zero to infinity:

< +o00. (20)

0< YTC _ NZo + oo Fl 1 % (1 - Bp)? _ Nrc _ Twre _
ULF N2 ag (1= Bp)* + K2 N Tt LF

3 Pre-test of Ramsey versus Time-Consistent Policy
and Optimal Simple Rule

3.1 A Bifurcation of the Economy Dynamic System

This theoretical section adds new analytical results with respect to Gali (2015, chap-
ter 5). It compares Taylor rule parameter responding to inflation for Ramsey versus
time-consistent policy. It is only presented for time-consistent policy in Gali (2015).
They have opposite signs. They correspond respectively to negative-feedback mecha-
nism versus positive-feedback mechanism. This section compares the eigenvalue of the
inflation equation of the monetary policy transmission mechanism for Ramsey versus
time-consistent policy. It is only presented for Ramsey optimal policy in Gali (2015) and
denoted 0 and Agr in this paper. We provide the functional form of the eigenvalue \g
depending on structural parameters which is missing Gali (2015) but which is necessary
for the estimation of structural parameters. Ramsey optimal policy inflation eigenvalue
(Ag) is stable. Time-consistent policy inflation eigenvalue (Ar¢) is unstable.

Shifting from Ramsey policy to time-consistent policy corresponds to a bifurcation of
the dynamic system of the economy. This section shows that optimal simple rule corre-
sponds to reduced form of time-consistent policy. These major differences are overlooked
in Gali (2015). They provide the key idea of our pre-test of the maximal number of vari-
ables predicted to evolve in a stable VAR for Ramsey policy versus for time-consistent
policy.

Simple rule assume that there is no policy-maker loss function nor welfare function
and that the policy instruments are forward variables. For simple rule, when inflation
and the policy instrument are forward variables, only the cost-push auto-regressive shock
is a predetermined variable with an exogenous stable eigenvalue p. Blanchard and Kahn’s
(1980) determinacy condition imply that the controllable eigenvalue, indexed by S for
"simple rule": \g = # should be unstable (|Ag| > 1). This implies constraints on
the values of the inflation rule parameter F; g = % Because of the simple rule stable
subspace is of dimension one, omitting the identifying restriction F, ¢ = 0 would imply
that both rule parameters I ¢ and [, ¢ are not identified.

Proposition 1: In Gali’s (2015) model, an optimal simple rule minimizing the central
bank loss function is a reduced form of time-consistent policy.
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Proof: For a given monetary policy transmission mechanism (3, s, p, 0,,), a simple
rule with a strictly negative inflation parameter F; g, forcing an unstable eigenvalue \g €

} %, +00 [ by positive feedback, is the reduced form of time-consistent policy with a unique
central bank preference parameter o, given by:

K 1 <0 K 1
JR— ax:_
Oéxl—ﬁp Fw,Sl_ﬁp

The remaining cases of simple rules with positive rule parameter F g € [0, % [ U

Fﬂ‘,S = FTI',TC = - (21)

} #, —i—oo[ forcing an unstable eigenvalue \g € [1, % [U]—oo, —1] by positive feedback do
not minimize a central bank loss function in time-consistent policy. For F g € [O, % [,
these simple rules imply a jump of inflation larger than in laissez-faire (Ng > N). For
F.s € ]%, —1—00[, these simple rules imply a jump of inflation with an opposite sign
with respect to laissez-faire (Ng < 0 < N). Those simple rule solution are never optimal
simple rule nor reduced form of time-consistent policy. When the policy instrument is
a forward variable, simple rule parameter F} g is never the reduced form rule parameter
of the Ramsey optimal policy inflation rule parameter F}; r forcing a stable eigenvalue
As € |0, [ by negative feedback, where the policy instrument is predetermined. Kollmann
(2002 and 2008) is a precursor for computing optimal simple rules with new-Keynesian
Phillips curve models. Q.E.D.

Sargent and Ljunqgvist’s (2012) LQR intermediate step allows a direct comparison be-
tween the reduced form inflation rule parameters F; r¢ of time-consistent policy (respec-
tively F r of Ramsey optimal policy), which is affine negative function of the eigenvalue

Arc (respectively Ag):

1 K?

|
B1—Bpa,
1
4

2 NG
ot oo} )b D)

Figure 1 plots the eigenvalue Ay of time-consistent policy (and respectively the eigen-
value A\g of Ramsey optimal policy) as non-linear decreasing (respectively increasing)
function of the relative cost of changing the policy instrument «, for the estimated pa-
rameters p = 0.995, k = 0.340 for a given f = 0.99 of the Ramsey optimal policy
model during Volcker-Greenspan’s Fed starting 1979g3-2006¢2 (see estimation section,
with estimated Ag = 0.856 and «, = 4.552). For a minimal cost of changing the policy
instrument, the eigenvalue A\i tends to zero for Ramsey optimal policy and \y¢ tends to
infinity for time-consistent policy. For an infinite cost of changing the policy instrument:
the eigenvalue A\g tends to one for Ramsey optimal policy and Arc tends to 1/5 > 1 for
time-consistent policy.

As 0 < Ag < 1 < Apg, shifting from time-consistent policy to Ramsey optimal
policy is a saddle-node bifurcation. When including the Euler consumption equation
besides the new-Keynesian Phillips curve in the monetary policy transmission mecha-
nism, shifting from simple rule to time-consistent policy is a Hopf bifurcation (Chate-
lain and Ralf (2017)). In the general case, when the transmission mechanism includes
m forward-looking variables and n backward-looking (predetermined) variables, deter-
minacy for time-consistent policy and simple rule implies exactly n stable eigenvalues,

1 K 1 K

Frre =— — and A\pe = = — ~Fr ¢ =
TC 1_ ﬁp o an TC 3 3 TC

% + (22)
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whereas Ramsey optimal policy implies exactly n + m stable eigenvalues. Shifting from
time-consistent policy or simple rule (with determinacy) to Ramsey optimal policy is a
bifurcation where m eigenvalues shift from instability to stability.

Figure 2 plots inflation rule parameter Fy r¢ of time-consistent policy (and respec-
tively F, r of Ramsey optimal policy) as non-linear decreasing (respectively increasing)
function of the relative cost of changing the policy instrument «, for the same estimated
parameters than for figure 1 (with estimated F; z = 0.447 and a, = 4.552). For a min-
imal cost of changing the policy instrument, the inflation rule parameter F; p tends to
1/k and Fy rc tends to minus infinity for time-consistent policy. For an infinite cost of
changing the policy instrument, the inflation rule parameter F; r tends to (1 — 3)/x for
Ramsey optimal policy and F r¢ tends to zero for time-consistent policy.

Figures 1 and 2: Eigenvalues A and inflation rule parameter F, function of «, for
Ramsey optimal policy (solid line) and time-consistent policy (dash line)

. T 4
Elgenvalue3 \\ Rule parameter
I - ,
~
2T ~ <
0 —_———
. 2. 4. 6 8 10
1 Cost of changzl g policy instrument
= -
ol v -4 7
0 .2 4 6.8 10 /
Cost of changing policy instrument 6 /

Table 1 summarizes the opposite properties of Ramsey optimal policy versus time-
consistent policy and simple rule when inflation is a forward variable.
Table 1: Ramsey optimal policy, time-consistent policy and simple rule
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Policy Predetermined inflation 7, Forward-looking inflation 7,
2 predetermined: wu;, 7y 2 predetermined: wu;, x; or v,
stable subspace dim=2 stable subspace dim=2
1 forward: x; 1 forward: m;

Ramsey €10, +o0] €10, +o0]
F”Re]lnﬁ :—c[ F”Re}lnﬁ /]-—c[
Ar €10, 1] Ar €10, 1]
negative feedback negative feedback
2 predetermined: wu;, 7y 1 predetermined: u,
stable subspace dim=2 stable subspace dim=1
. 1 forward: 2 forward: 7y, x;
gi)rrrllsegstent o € 0, +00] @ €10, ool
Fﬂ-E}%,%[ FW,TCE]_OO>O[7FU,TC:O
Aelo,1] M € |3, +00]
negative feedback positive feedback
2 predetermined: u;, 7 1 predetermined:
stable subspace dim=2 stable subspace dim=1
1 forward: =, 2 forward: 7y, 7y
Simple rule Ae|-1,1] )\SE} [ [ l[ 00, —1
8 148 A
FE}H’H[ Fﬂ—75’€] OOO[ 1_ L OO[
negative feedback positive feedba,ck
F,s=0

Ramsey optimal policy: limit cases.

For very small or very large values of a,, time-consistent policy and Ramsey optimal
policy paths and hence central bank losses are identical. Optimizing at later periods
leads to a negligible deviation from the optimal path chosen at the initial period. When
a, — 0, inflation 7; tends to zero at all dates for any initial value of the cost-push
shock uy for Ramsey optimal policy and time-consistent policy. For Ramsey optimal
policy, the policy rules are F; r = % and F, p = f—”ﬁg For time-consistent policy,
the policy rule parameter Frr¢ — —o0 and F, ¢ = 0. When a, — 400, 7 tends to
laissez-faire inflation = B ——u; at all dates for any initial value of the cost-push shock ug
for both Ramsey and time-consistent policy. For Ramsey optimal policy, the policy rules
are F p = % = — F, g. For time-consistent policy, the policy rule parameters are both
equal to zero (laissez-faire equilibrium) Fy r¢ = F, rc = 0.

Although the equilibrium paths of time-consistent policy and Ramsey optimal policy
are the same and evolve in a subspace of dimension one, the distinct policy rule parameters
for time-consistent policy versus Ramsey optimal policy reflects that there exists a two-
dimension stable subspace where Ramsey optimal policy path is surrounded by stable
out-of-equilibrium paths which does not exist for time-consistent policy and for laissez-
faire. This matters for robustness to specification when the central bank does not know
exactly the parameters of the monetary policy transmission mechanism.

Timeless-perspective assumes that the inflation jump 7_59 occurred for example 20
periods before, even if the cost-push shock ug occurs now. This is equivalent to con-
sider as the current inflation jump is w9 = 799, the value of inflation 20 periods ahead.
Hence, inflation jump is very small and very close to the long run value of inflation.
Timeless-perspective is equivalent to a time-consistent policy with a very low cost «, of
changing the policy rate and with a maximal volatility of the policy instrument. Timeless-
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perspective simulation raises two issues. Firstly, it is inconsistent with optimization. The
ad hoc near-zero jump of inflation my = 7y, is optimally consistent with a large volatil-
ity of the policy instrument related to near-zero cost of changing the policy instrument
(ay; — 0). Timeless-perspective is usually assumed without a large volatility of the pol-
icy instrument, corresponding to a non-negligible cost of changing the policy instrument
a,. Second, it assumes away tests of real world structural breaks of new commitment.
Timeless-perspective simulations explains Volcker’s structural break in 1979-1982 by Mar-
tin chairman of the Fed during 1951-1970.

When the finite time-horizon for the end of the commitment is short (for example,
the central bank re-optimize every two periods (two-quarters or every two-weeks), Ramsey
optimal policy is close to a time-consistent path. Finally, in the case where the forward-
looking variables are not controllable with stable dynamics, Ramsey optimal policy and
time-consistent policy are identical.

3.2 Null Hypothesis of the Pre-Test: Testing a Bifurcation

Time-consistent policy is described by a permanent anchor of inflation on the output
gap and by two AR(1) processes of inflation and of the output gap. Variables, such
as inflation (m + 7*) are not computed as deviations of equilibrium (already denoted
7). Estimates of equilibrium values (7*, z*) are then sample mean values found in the
estimates of intercepts. The reduced form time-consistent policy policy rule to be tested
(which corresponds to a permanent anchor of inflation on the output gap) allows to
estimate the reduced form time-consistent policy rule parameter I rc:

v+ 2" = Frpo(m 4+ 1) + (2% — Frpem™) + €4 with (24)
€znt = 0 for all dates, R?>=1 and Frrc <0

The simple correlation between the output gap and inflation provides another estimate
of the time-consistent policy rule parameter F, r¢ = 7470 ,/0. < 0. It is equal to the
one found using the ratio of standard errors of residuals of the AR(1) estimations for
inflation and for the output gap : Frrc = —0../0., only if the following condition
is satisfied: r,, = —1. Testing time-consistent policy against Ramsey optimal policy
amounts to test the perfect negative correlation between the output gap and inflation:
r.= = —1. Because of test of a simple correlation exactly equal to —1 cannot be performed,
we can perform a one-sided test of a composite null hypothesis of a simple correlation
very close to minus one (subscript TC is for time-consistent policy):

HO,TC’ e < —0.99 (25)

However, this non-perfect correlation may be due to measurement errors. Hence, the
key test of time-consistent policy versus Ramsey optimal policy is a Durbin-Watson test
of the auto-correlation of residuals of the output gap policy rule function of inflation. In
time-consistent policy, errors should not be auto-correlated. If they are auto-correlated,
this alternative hypothesis suggests that at least the lagged policy instrument is missing
in the regression of the policy rule, which is exactly a reduced form of the Ramsey optimal
policy rule (which also depends on inflation):

Horc : pegr = 0 for €4rt = pegnCons + m with n, ii.d. (26)
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Additionally, the two AR(1) process for inflation and the output gap are:

m+ 7" =p(m_1+7°)+ (1 —p)7* + Npcey with g, 1.1.d. (27)
e+ " =p(rie1+2°) + (1= p)a* + FrroNreews with €, 1.1.d. (28)

If the two previous tests did not reject the null hypothesis, we can perform a third
test that the auto-correlation coefficients are identical for inflation and for the output

gap:

Hore : pr = pu (29)

If this hypothesis is not rejected, the AR(1) estimates identify the auto-correlation
parameter of the non-observable cost-push shock: p. The ratio of the standard errors of
residuals of each AR(1) estimations of inflation and output gap provides another estimate
of Frre, (if rpr = 1) with a negative sign restriction predicted by theory, and grounded
by positive feedback:

FW,TC - _Ue,x/as,ﬂ (30)

The variance o? . of perturbations of the inflation AR(1) process is:

2
o
2 2 2 2 :
O-e,7r - NTCO-e,u = NTC = Zﬂ (31)
U
Unfortunately, the cross equations covariance o, ,, between the residuals of both
AR(1) process of inflation and of the output gap does not allow to identify either the
private sector parameter Nrc anchoring inflation on the cost-push shock or the variance

of the cost-push shock ag’u. The simple correlation between the two residuals is predicted

to be exactly negatively correlated (1. ., = —1):
2
Oe,x O-e,7r 2
Ocmz = =502, = —0c 30 » < 0. (32)
aaﬂf Ue,u

Finally, only one structural parameter related to the cost-push shock p and one re-
duced form parameter F; rc are identified. However, there remain four structural pa-
rameters parameters. For exogenous central bank preferences «,, these parameters are
K, B,am,afﬁu. For a welfare loss function, as a, = %, these parameters are k, B,n,agﬁu
where 7 is the elasticity of substitution between goods. It is not possible to identify at
least one of these four parameters separately, because the identified parameter F ¢ does

not depend only on one of these four structural parameters:

-1 &k

I 610 Ay
Three identifying equations are missing in the case of time-consistent policy instead of
one identifying equation in the case of Ramsey optimal policy. In the case of endogenous
central bank preferences (welfare loss function case,) it is not possible to identify 7 the
elasticity of substitution between goods. In the case of exogenous central bank prefer-
ences, it is not possible to disentangle exogenous central bank preferences a, from the
monetary transmission mechanism parameter  (the identical discount rate (3 is identical
to central banks and to the private sector). We cannot disentangle whether an estimated
impulse response function is obtained by a large cost o, of changing the policy instrument

<0. (33)

FW,TC
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and a large marginal effect x of the policy instrument on the policy target or by a low
cost a, with a large response of the instrument in the policy rule and a low marginal
effect k of the policy instrument on the policy target.

This is unfortunate because the main value added of the estimation of optimal time-
consistent policy with respect to the estimation of a reduced form positive feedback
simple-rule parameter F; rc is to estimate central bank preferences a,.

Finally, the tests of reduced form parameters of bivariate VAR(1) of time-consistent
policy versus Ramsey optimal policy are not feasible. The exact multicollinearity (exact
correlation) between regressors (current output gap and current inflation) imply a bivari-
ate VAR(1) with infinite coefficients with denominator including the term 1 — 72 equal

to zero:
T +o0 —00 T Nrc
— + € 34
( i1 ) ( —00 400 ) ( Ty > < FrrcNre ) K (34)

The time-consistent policy equilibrium predicts that out-of-equilibrium behavior cor-
responds to a non-stationary bivariate VAR including one unstable eigenvalue Arc and
one stable eigenvalue p, which cannot be estimated. By contrast, the stationary struc-
tural VAR(1) of output gap and inflation with Ramsey optimal policy allows to identify
a larger number of structural parameters.

Ti41 o a b T Fu,R
()=o) (o) + ()

Two additional reduced form parameters (b, c) are available, because the stable sub-
space of the VAR process is of dimension two with Ramsey optimal policy instead of
dimension one with time-consistent policy.

3.3 Pre-test of Fed’s Ramsey versus Time-consistent policy

The annualized quarter-on-quarter rate of inflation and the congressional budget office
(CBO) measure of the output gap are taken from Mavroeidis’ (2010) online appendix
(detailed information at the end of this paper’s appendix). The pre-Volcker sample covers
the period 1960q1 to 1979g2 and the Volcker-Greenspan sample runs until 2006g2. The
period of Paul Volcker’s tenure is 1979g3 to 1987q2. The period of Alan Greenspan’s
tenure is 1987q3 to 2006q1.

According to Debortoli and Nunes (2015), a structural break correponds to an new
initial anchor of forward inflation on the output gap for Ramsey optimal policy with finite
horizon. Clarida, Gali and Gertler (2000) and Mavroeidis (2010) consider the beginning
of Paul Volcker’s mandate 1979q3 as a structural break. Givens (2012) considers 1982q1
as a structural break, after 1981 fall of inflation and before the 1982 recession. Matthes
(2015) estimation of the private sectors beliefs regarding central bank regimes also points
to 1982q1 as a structural break. Table 2 presents summary statistics before and after the
19793 and 1982ql structural breaks.

Table 2: Summary statistics of inflation and output gap for 1979q3 and
1982q1 breaks.
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Break | obs. | var. | mean | min max
before79 | 78 m él? ?19) 0.59 | 11.79
before79 | 78 Ty 047 | —4.97 | 6.10
(2.59)

before82 | 88 e 4.86 0.59 | 11.79
(2.90)

before82 | 88 Ty 0.20 | —4.97 | 6.10
(2.59)

after79 | 108 | m 3.18 0.64 | 10.93
(2.03)

after79 | 108 | =, | —1.11 | =7.95 | 3.01
(2.07)

after82 98 T 2.64 0.64 | 5.61
(1.08)

after82 98 r; | —1.03| =7.95| 3.01
(2.12)

Standard deviations in parentheses.

The mean of inflation and of output gap are lower during Volcker-Greenspan than
before Volcker. Excluding the period 1979q3 to 1981q4, in particular the sharp disinflation
which occurred during 1981 (figure 3), the standard error of inflation decreases by half
from 2.03 to 1.08 .

Table 3: Pre-tests of inflation and output gap permanent anchor correla-
tion for 1979g3 and 1982q1l breaks.

Break |obs| 7, | Low 95% r D R: | F.rc c Pexn

before79 | 78 | —0.13 —0.21 < 0.001 | 0.02| —0.13 1.03 | 0.92
©11) | (0.56) | (0.04)

before®2 | 108 | —0.30 —0.42 < 0.001 | 0.09| —0.30 | —0.14 | 0.91
0.09) | (0.35) | (0.04)

after79 88 | —0.24 —0.31 < 0.001 1006 | —-022| 1.25 |0.92
©.09) | (053) | (0.05)

after82 98 | —0.40 —0.53 < 0.001 | 0.16 | —0.78 1.03 | 0.89
©0.18) | (052) | (0.05)

The pre-tests of the null hypothesis of a quasi perfect negative correlation Hy : 1 <
—0.99 between observed inflation and observed output gap are rejected. The test uses
Fisher’s Z transformation using the procedure corr with the software SAS. The threshold
of the composite null hypothesis —0.99 is far away from the 95% single tail confidence
interval, where the lowest 95% confidence limit reported in table 3 is at most equal to
—0.53 for the period after 1981g4 (figure 4). The opposite null hypothesis Hy : r (24, m) =
0 is not rejected before 1979q3. time-consistent policy predicts a perfect correlation
for the anchor of inflation expectations with the output gap. If the time-consistent
policy equilibrium occurred before 1979q3, we do not reject the null hypothesis Hy :
7 (Ei—1 (m),m) = 0 that the rational expectations of inflation are orthogonal to observed
inflation.

The pre-tests of the null hypothesis of the auto-correlation of residuals Hy : pe zr = 0
are strongly rejected, with a point estimate at least equal to 0.89 (figure 5). These tests
gives a hint of model misspecification. They suggest an omitted lagged policy instrument
in the policy rule. When it is included in Ramsey optimal policy rule, the R? increases
from 16% (table 3, last line) to 93% (table 6, last line) beginning in 1982q1.

Figure 3. Inflation and output gap anchor correlation (insert).

Table 4 investigates the auto-correlation and unit roots of inflation and output gap.

Table 4: Auto-correlation and AR(1) statistics for 1979g3 and 1982ql
breaks.
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Break | obs. | var. r R? p c o, Pe DF | PP

before79 | 78 m | 0.86 | 0.74| 0.88 | 0.62 | 1.38| —0.22 | 0.55 | 0.41
(0.06) | (0.30) (0.12)

before79 | 78 xry |1 093 1086|093 | 003 [099| 0.26 | 0.20 | 0.33
0.04) | (0.11) (0.11)

before82 | 88 m | 0.88 10.78 | 0.88 | 0.63 | 1.35| —0.19 | 0.34 | 0.23
(0.05) | (0.28) (0.11)

before82 | 88 x; | 092 10851( 093 | —-0.03|1.03| 0.23 | 0.27 | 0.37
(0.04) | (0.11) (0.11)

after79 | 108 | = | 0.89 | 0.79 | 0.85 | 0.42 | 0.93 | —0.27 | 0.04 | 0.01
(0.04) (0.16) (0.09)

after79 | 108 | =; | 0.94 | 0.88 | 0.94 | —0.07 | 0.70 | 0.34 | 0.11 | 0.25
(0.03) | (0.08) (0.09)

after82 98 m | 0.64]041]059| 1.06 |0.83| —0.20 | 0.00 | 0.00
0.07) | (0.21) (0.10)

after82 98 z; |1 0.96 (092|095 | —-0.02]060| 035 |0.07 035
(0.03) | (0.07) (0.09)

The output gap and inflation are highly auto-correlated (respectively 0.93 and 0.86),
except when inflation excludes the 1981 disinflation for the period after 1981q4. For
the period 1982ql to 2006q2, the inflation auto-correlation coefficient falls in the 95%
confidence interval 0.6 + 0.14 and it is statistically different from the output gap auto-
correlation coefficient in the 95% confidence interval 0.95 & 0.06 (figures 4 and 5). As
the time-consistent policy equilibrium predicts that the auto-correlation of the output
gap and of inflation should be the same, this is an additional test against time-consistent
policy, which holds for the period 1982q1 to 2006¢2.

There is a negative auto-correlation of residuals p. for inflation and a (statistically
significant at the 5% level) positive auto-correlation of residuals for the output gap. The
column DF reports the p-value of the Dickey-Fuller test of unit root with one lag without
trend. The column PP reports the p-value of the Phillips-Perron test of unit root, which
takes into account auto-correlation, with one lag without trend. The null hypothesis of
a unit root is rejected for inflation after 19792 and after 1981q4.

4 A New Test of Fed’s Ramsey Optimal Policy

Table 5 presents estimates of structural parameters, with small changes for estimates with
two given values for the discount factor 5 = 1 or § = 0.99 for the Volcker-Greenspan
period. Estimates are found using three structural VAR estimations for (p, Ag, Fr r),
(pa AR; QTZ) and (pv K (5) ) O (B))

The goodness of fit indicators (coefficients of determination R?) of the Ramsey optimal
policy structural VAR(1) are far larger than for time-consistent policy rules. However,
the cost-push shock faces is extremely persistent, close to a unit root, with p estimate
close to one. The new-Keynesian Phillips curve parameter « is not significantly different
from zero at the 5% level, as in many estimates of Mavroeidis, Plagbord-Moller, Stock
(2014) limited-information single-equation estimations. The Fed’s preference parameter
o, is not significantly different from zero at the 5% level, as well as the reduced form
rule parameter F r. However, the ratio %= is statistically significant when starting the
estimation in 1979q3. We check another property which has never been done in previous
estimations concerning Ramsey optimal initial anchor of inflation. Ramsey optimal initial
anchor ﬁ = —5 is not in the confidence interval of 2= for the period after 1979, but it is
within the confidence interval of 2= for the period after 1982. If one assumes an arbitrary
identification restriction for household’s elasticity of substitution between differentiated
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goods ¢ (the Fed’s preferences are identical to (welfare) household’s preferences), then
% = 1 and €= 0.07 for the period 1979-2006.
Table 5: Tests of Ramsey optimal policy structural parameters for given

discount factor $ (excluding periods with conjugate complex roots).

Break P /\R FW,R S = 1 ;_7(;0 5 /{(ﬁ) Oy, (6) Fu,R (6) Oy (5)

(0.024) (0.054) | (0.292) | (6.627) (0.303) | (5.447)

after79 | 0.995* | 0.857* | 0.447 | 13.375* | —5 1 10321 | 4296 | —3.027 | 0.229

(0.024) | (0.054) | (0.292) | (6.627) (0.314) | (5.703)

after79 | 0.995* | 0.857* | 0.447 | 13.375* | —5 | 0.99 | 0.340 | 4.552 | —2.861 | 0.242

(0.015) | (0.079) | (0.121) | (3.932) (1.710) | (19.22)

after82 | 1.011* | 0.560* | 0.189 | 6.729 | 0.55 | 1 |2.325| 15.64 | —0.436 | 1.562

(0.015) | (0.079) | (0.121) | (3.932) (1.726) | (19.44)

after82 | 1.011* | 0.560* { 0.189 | 6.729 | 0.55 | 0.99 | 2.354 | 15.84 | —0.431 | 1.583

We compare two observationally equivalent representations of the reduced form of the
policy rule of Ramsey optimal policy for the period after 1979q3, with the rule parameter
F,. r (B) identified with the identification restriction f = 0.99. The first one includes the
reduced form parameters of the structural VAR(1) of observable variables. The second
one is the ADLQR intermediate representation including the non-observable cost-push
shock:

zy = 0.9952,_1 — 0.064m;,_; — 2.861¢,; and z; = 0.447m, — 2.861u, for 5 =0.99 (35)

Although both representations look different, in particular with the opposite sign of
the policy rule parameter related to current or lagged inflation, they are observation-
ally equivalent within the Hamiltonian system of equations taking into account the stable
subspace constraint.

By contrast, the reduced form policy rule for time-consistent policy would be for the
period after 1979q3:

T, = —0.22m, (36)

The policy instrument responds to two variables for Ramsey stable subspace of dimen-
sion two. The policy instrument responds to one variable in the time-consistent policy
stable subspace of dimension one.

Another check never done in the existing literature is to compare the reduced form
parameters of Ramsey optimal policy with parameters of an unconstrained VAR (table
6). Goodness of fit R? are very close for the structural Ramsey optimal policy VAR
and the unconstrained VAR. The inflation equation of the VAR does not change. The
second equation of the VAR(1) is a representation of the optimal policy rule. Ramsey
optimal policy over-estimates the persistence of the output gap: its VAR auto-correlation
parameter shifts from 0.93 to 1. There is also a small decline of the effect of lagged
inflation on the output gap and with a fall of the constant.

The increase of R? of the VAR(1) including cross-correlations with respect to the
R? obtained with the AR(1) process, denoted AR?, is at most of 1% for each equations.
This is reflected in the impulse response functions which are not statistically significant for
cross-correlation even in the most favorable case of after 1981q4 with a parameter —0.17
for the output gap policy rule. In the unconstrained VAR, the policy target (inflation)
does not depend on the policy instrument (output gap) in Gali’s (2015) Ramsey optimal
policy subject to the new-Keynesian Phillips curve according to the t-test after 1979q2
and after 1981g4. As seen in table 8, there is no Granger causality of output gap on
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inflation in the reduced form VAR(1).

Hand in hand with a small contribution of cross-correlations is so small, the auto-
correlation coefficients for each equations of the unconstrained VAR(1) are nearly identical
to the ones of AR(1) equations of inflation and of the output gap.

The remaining auto-correlation of residuals of the unconstrained VAR(1) is not neg-
ligible. The p-value of the Lagrange multiplier test of auto-correlation of order 1 of
residuals of both equations are for each period in chronological order: 0.02, 0.04, 0.00
and 0.00. One does not reject the auto-correlation of residuals at the 5% level, with
very low p-value for the Volcker-Greenspan period. This auto-correlation of residuals
test suggests a misspecification of Ramsey optimal policy subject to the new-Keynesian
Phillips curve during the Volcker-Greenspan period. Lags of order two and/or including
omitted regressors may improve the specification of the unconstrained VAR(1). This sug-
gests a related structural VAR of Ramsey optimal policy subject to another transmission
mechanism than the new-Keynesian Phillips curve.

Table 6: Inflation and output gap structural VAR(1) reduced form versus
unconstrained VAR (U)

Break | obs. | var. | S/U | m_, Ti_q c pe R? | AR? A
after79 | 108 | m S 0.85 0.009 | 0.428 0.793 0.857*
0.85 0.001 | (0.16) (0.054)
U 0.85 0.00 043 | —0.27 | 0.79 | 0.00 0.85

(0.04) ©.04) | (0.16) | (0.09)
after79 | 108 | = S —0.064 | 0.999 | 0.198 0.888 0.995*
(0.121) (0.024)
U —0.084 | 0.917 | 0.17 0.29 0.89 | 0.01 0.92

(0.03) 003) | (011) | (0.09)
after82 | 98 e S 0.56 —0.03 | 1.086 0.416 0.560*
(0.21) (0.079)
U 0.56 —0.04 | 1.09 | —0.17 | 0.42 | 0.01 0.54

(0.07) (0.04) (0.21) (0.10)
after82 | 98 Tt S —0.084 | 1.005 | 0.259 0.919 1.011*
(0.14) (0.015)
U —-0.17 0.91 0.38 0.30 0.92 | 0.01 | 0.933

(0.05) 0.03) | (0.14) | (0.09)

For the period before Volcker-Greenspan, table 7 presents the unconstrained VAR
estimations. There is a fall of the auto-correlation of inflation from 0.857 starting 1979q3
to 0.560 starting 1982q1, which is a major difference of correlations before versus during
Volcker-Greenspan. Before Volcker-Greenspan, as the auto-correlation of inflation and
of the output gap are close to the same 0.9 values, this opened a possibility for a VAR
with complex roots. The imaginary components of the eigenvalues are small. But they
contradict the assumption of an exogenous real auto-correlation coefficient for the cost-
push shock before 19792 and before 1981q4. Hence, before Volcker-Greenspan, one
cannot identify structural parameters of Ramsey optimal policy. The estimations does not
converge for the structural VAR(1) using non-linear estimation before Volcker-Greenspan
period.

Table 7: Inflation and output gap unconstrained VAR(1) before 1979q3
and 1982q1l breaks (periods with conjugate roots).
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Break | obs. | var. | m_1 | T4_1 c Pe R? | dR? A A
before79 | 78 e 0.89 | 0.09]0.54 | —0.26 | 0.75 | 0.01 0'90#: ,0.91
(0.06) | (0.06) | (0.30) | (0.11) 0.082
0.90+
before79 | 78 re | —0.09] 091|041 | 0.21 |0.87|0.01 - ,0.91
(0.04) | (0.04) | (0.21) | (0.11) 0.087
0.90+
before82 | 88 e 0.89 | 0.06 | 0.55 | —0.22 | 0.79 | 0.01 - ,0.90
(0.05) | (0.06) | (0.29) | (0.11) 0.07¢
0.90+
before82 | 88 ry | —0.08 1091039 0.17 | 0.85|0.01 - ,0.90
(0.04) | (0.04) | (0.21) | (0.11) 0.07:

We finally investigate Granger causality in the unconstrained VAR (table 8). There
are larger correlation from lagged inflation to output gap than from lagged output gap to
inflation, although those correlation coefficient are far beyond auto-correlation coefficients
except after 1981ql for the auto-correlation of inflation. They are related to the partial
correlations of the unconstrained VAR(1). We report the p-values of Granger causality
Wald test that the cross-variables coefficient is zero in the two columns GCW in table
8, for comparison with simple cross-correlations. Even though the simple correlation of
inflation with lagged output gap increased for periods more and more recent in table 5,
their partial effect in the VAR including lagged inflation is small enough to reject Granger
causality of the output gap to inflation, in particular for the Volcker-Greenspan period.
By contrast, Granger causality of inflation to the output gap is not rejected at the 5%
level.

Table 8: Inflation and output gap cross-correlogram for 1979q3 and 1982q1
breaks and Granger Causality.

Break | obs. | GOW | r(m_1,2¢) | Tma, | 7 (mea1, 7)) | GCW
before79 | 78 0.03 —0.21 —0.13 —0.03 0.15
before®2 | 88 0.02 —0.31 —0.24 —0.15 0.29

after79 | 108 | 0.01 —0.33 —0.30 —0.24 0.99

after82 98 0.00 —0.47 —0.40 —0.33 0.34

5 Robustness to Measurement Errors of Inflation and
of the Output Gap: Ramsey versus Time-Consistent

For several researchers, the Fed does not know exactly the monetary policy transmission
channels of the U.S. economy (e.g. Castelnuovo and Surico (2004)). There is a lot of
uncertainty on the estimates of the slope xk of the new-Keynesian Phillips curve in this
paper and in limited-information single-equation estimations: it is often found not to be
statistically different from zero or megative in Mavroeidis et al. (2014). There are also
measurement errors of the output gap and of inflation. First, gross domestic product
(GDP) implicit price deflator may differ from various measures of core inflation which
is the target of central banks. Substracting the changes in the quality of goods in the
increase of prices is not done with a perfect accuracy. National accountants may change
the scope of GDP over time, which also changes the price deflator. For example, they in-
cluded investment in intangible assets after 2006. The current measure of output does not
correspond to the final measure after revisions by national accountants up to three years
after. Output gap can be computed using different methods leading to distinct values,
in particular when there is uncertainty on structural breaks on the trend of productivity
growth, following 1973 and following 2007.
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Time-consistent policy and optimal simple rules assume a perfect knowledge of the
monetary policy transmission parameters by the central bank. This raises the question
of their robustness to misspecification. Figure 7 (respectively figure 8) represents impulse
response functions of output gap and inflation after a small cost-push shock uy = 1% for
time-consistent policy (respectively Ramsey optimal policy) using Ramsey optimal policy
estimates of Volcker-Greenspan 1979q3-2006¢q2 period (o, = 4.55, f = 0.99, x = 0.340
and p = 0.995) . Figures 7 and 8 plots two out-of-equilibrium impulse responses for an
evil-agent 7y + 0.1% taking into account a small measurement error of the initial date
output gap. In the case of time-consistent policy for a measurement error of the ini-
tial output gap zo — 0.1%, the evil-agent out-of-equilibrium time-consistent policy path
leads to depression in a year coupled to hyperinflation in two years (figure 7). For a
measurement error of the initial output gap xg + 0.1%, the evil-agent out-of-equilibrium
time-consistent policy path leads to boom in four quarters coupled with deflation in five
quarters. On figure 8, evil-agent out-of-equilibrium Ramsey optimal policy inflation path
are converging with the optimal path in three years, with near-zero inflation in five years.
Because the policy instrument linearly responds to the near-unit-root cost-push shock,
the convergence towards equilibrium of out-of-equilibrium and equilibrium paths is very
long. These figures shows that for plausible evil-agent measurement errors of the infla-
tion anchor, Ramsey optimal policy is a pre-condition for robust-control optimal policy
(Hansen and Sargent (2008)), unless the behavior of the evil-agent is strictly restricted to
fool the central bank in the smaller stable subspace of time-consistent policy (Giordani
and Soderlind (2004)). In this case, the evil-agent is assumed to be an angel-agent, care-
fully seeking to avoid disruptive instability for the policy-maker. The assumption of an
angel-agent to save a theoretical model is the opposite of the approach and the concern
of robust optimal control.

6 Conclusion

This paper proposes new pre-tests and test of Ramsey optimal policy versus time-consistent
policy and (optimal) simple rules. It applied this new estimation methods using the
reference new-Keynesian Phillips curve with an auto-regressive cost-push shock as the
transmission mechanism of monetary policy.

The pre-test rejects time-consistent policy on US data for the period 1960-2006. The
number of identification restrictions required for time-consistent policy is three instead
of one for Ramsey optimal policy. The test of Ramsey optimal policy does not find
statistical significance of the slope of the new-Keynesian Phillips curve and hence of the
Fed’s preference parameter.

This paper suggests further research estimating Ramsey optimal policy and time-
consistent policy using alternative transmission mechanism than the new-Keynesian Phillips
curve with an auto-regressive cost-push shock. Because of the very weak partial correla-
tion between lagged output gap and inflation, adding the cost of (working) capital channel
into the new-Keynesian Phillips curve is likely to bring better results ().
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6.1 Appendix 1: Augmented Discounted Linear Quadratic Reg-

ulator

The new-Keynesian Phillips curve can be written as a function of the Lagrange multiplier:

K
m = BE; [mee1] + K—Ye41 + Ury where K > 0,0 < 8 < 1
Qg
It can be written:

2 1 1
Ey[mia] + ;—%H = Bwt — —Ury where k >0,0< 8 <1
Oy

8

The solution of the Hamiltonian system are based on the demonstrations of the aug-

mented discounted linear quadratic regulator in Anderson, Hansen, McGrattan and Sar-

gent [1996]:
Tt4+1 s’
Ll v | =N %
Ug41 U
where
K2 1 —1
1 5, O 5 0%
L“=10 1 0 |.N=| -1 1 0
0 0 1 0 0 »p
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As L® is non singular:

K K2 1 1 i1 _1
. BT Bar "B B oL 1Y 575 5
(LY "N*=M"* = -1 1 0 = -1 1 0
0 0 p 0 0 p
where Gali (2015) denotes a = a (3, k, ) = az(lj_‘;)MQ = 1+ﬁ1+£. The characteristic

polynomial of matrix M¢:

, 1 1\
(X — p)(X—%XvLB)—O

Matrix M® has two stable roots with bounded discounted quadratic loss function

(below \/%) pand A\p = —Y P ”215;4&2 (AR is denoted ¢ in Gali (2015)) and one unstable

root A\y = Iy 1-4he” V;B;W because the determinant of the matrix M* is pAgAy = p % %
1 - i 1++/1— 4,3a2 .
and \p < \/; imply \y = —Y55,— = B/\R > \/7
(8 ) ! 1+1+'[”2 <1+1+'{2)2 1
R y Ry Oy ) = — - - 5
2 B Bay B Bay B
19D 1
aa’;‘ >0, limdp=0and lim \g=1< 7
Identification of *: The ratio o s identified using the following two equalities

defining the inflation rule parameter F p, which are found for the characteristic polyno-
mial equal to zero:

K 1—-Ar/) oy

1 —
FmR:ﬂ:(A_R)i;x
2

ozﬁAR—(1+ﬂ+“—

xT

>)\R—|—1

Positive sign restriction of F; p: The eigenvalue Ay is a linear decreasing function
of the inflation rule parameter Fy p. It varies between zero (for the relative cost of
changing the interest rate tending to zero: «, — 0) and the inverse  of the laissez-
faire eigenvalue % (for the relative cost of changing the interest rate tending to infinity:
o, — +00). This sets boundaries restrictions of the inflation rule parameter F; r, which
is strictly positive (see appendix):

1 B AR K 1-5% 1
Frr=——=Ag= — = -
AT wOF (1 - /\R) o G] K K (37)

Ricatti equation solution: P; is the slope of eigenvectors of the stable eigenvalue
Ar of the matrix H of the Hamiltonian system when ug = 0 = u,
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-1 1 -\ P, Py 0 M\ P. Py
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1 K2 K2 1 1 1 1
( 5+Bax Bo ): 1 11 ()\OR i) 1 11
-1 1 I T BAR B

The stable eigenvalue \p is the stable solution of the characteristic polynomial of the
hamiltonian matrix H:

11 &2 1 K2 S|
A= E+6ax+1_\/(5+ﬁax“) B

The slope Py of eigenvectors of the stable eigenvalue \p is given by:

AR — a1 . a21 1

1 2 2
wm=ftin me= g A0
as = —1 agy =1

P, = € [1, 400 where (

12 _)\R_a22_1_)\R

18a, [ 1 K2 1 K2 2y
P, == - 1 =~ 1) -2

2% \ 5" Bas *\/(Nﬁaﬁ) 5

1 o, Bay, Qe Bay, 2 Oy
== %1z o g 4322

2 /i2+ K2 +\/(/12+ 1412) * BFLQ

P, is also the positive solution of a scalar Ricatti equation (demonstration using
undetermined coefficients in proposition 1):

P.—1 1 K2 K2
= — 4+ - —P;
Pr B Bay  Pay
2

K2 K

1
“Ba Pf*(ﬁ*ﬁa _1)]3““

0=

1
P, — AR —3 w P, —1 1 P,
— = and —=-14+0p—=—-—— = —— 38
P7r 1_)\R;05 BA P T 5ppfr 1_)\Rpﬁ )\RPTK' ( )
—AR 1 -1 1 g —1 AR K K
P, = dF,=——[——=\ = —=P,—
L= AapBl— g 1—ARpﬂ(m HR) 1—ARp5(1—AR)aw o
(39)

and the optimal initial anchor of inflation on the cost-push shock is:

29



1
_Pu B — Ly . 1
o ()\+R,p> =3 uozlLuO:—axo Wlthp<1<—<—:)\U (40)

g P K B BAr
Demonstration: It uses the method of undetermined coefficients of Anderson, Hansen,

McGrattan and Sargent’s (1996), section 5, on Gali’s (2015) Ramsey optimal policy. Us-
ing the infinite horizon transversality conditions, the solution is the one that stabilizes
the state-costate vector for any initialization of inflation 7y and of the exogenous shock
up in a stable subspace of dimension two within a space of dimension three (7, ;, u;) of
the Hamiltonian system. We seek a characterization of the Lagrange multiplier v; of the
form:

’Yt = P7T7Tt+Puut'

To deduce the control law associated with matrix (Py, P,), we substitute it into the
Hamiltonian system:

Ti41 Tt
La P7r7rt+1 + Puut+1 = Na Pﬂ—ﬂ't + Puut
Ut+1 Uy

If we write the three equations in this system separately,

K2 K2 1 1
1+EP7T 7Tt+1+6 xP Ut+1:B7Tt—BUt
Py + Pyugy = (Pr — 1) m + Py

U1 = PUL

Substitute the last equation into the first and solve for m;1:

2 -1 2
= () (G (5 whe) )

It is straightforward to verify that:

K K2
1 Far e Fhn
1L ®p 1L Ep - T Ep
1+Epﬁ 1+ﬁo¢zP Oém—i_ﬁpw

The policy instrument evolves in the stable subspace of the Hamiltonian. We seek a
characterization of the policy rule of the form:

Tt = Fﬂ—ﬂ't + Fuut.

The evolution equation of inflation can be rewritten with a feedback rule as:

7Tt+1:(%—%Fw)7Tt+( ; 5 >

where F); is given by:
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™=

F, =

P7r - Pﬂ- K _( >\R ) K (41)
agch%zRr B+ =P oy 1-Ar/ a,

where F), is given by (demonstration (1) below):

L
F B

where g—: is given by (demonstration (2) below):

Pu_ _>\R
P7r B 1_/\RPB
so that F), is given by:
FTI'_ 1_BP)\R_1_)\RP5_/\RPW

Demonstration (1) is:

2

’f_Pﬂ_ 1 2
1- 2 <—— - K—Pup>
1

1 K2 2P, K2

6 Ba, " 1+ 2P\ B fa
I'iz K,Q K K
1 The et aEhs 1 ma P 350
g 1+ 2P, BB 1+ 5P,
—5Pt SR 5P P,
Fu: 2 2 - = x62 <_1+Bp_>
1+ 2P, 1+ 2P, P,
F, Py
=1 .
P JrﬂpRr

For demonstration (2), substitute the auto-regressive equation of the forcing variable
u; into the law of motion of the Lagrange multiplier remaining in stable subspace and

solve for P myyq:

Prmip + Py = (P — 1) m 4 Py
P7r7rt+1:(Pﬂ_l)ﬂ-t'f—(Pu_pPu)ut

The coefficient on u, is P, — pP,. To obtain an alternative formula for this coefficient,
premultiply the evolution equation for inflation including the feedback rule by %Pﬂ:

%Pﬂﬂ-t-l—l:%Pﬂ' <%_%Fﬂ> 7Tt+%P7r (_%_%Fu> Ut

Using both formulas of the feedback rule, we rewrite the coefficient on w;. First:
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1 K —1
(B B EF”) (P”F * P“”)

L, K aphbr ( ~1 )
7r u - PW_+PU
B /3 /31+;25P g
1 —1 k75 (=P + P.Bp) 1
:_Pﬂ > T 2 + S Lup
B B ﬂ 1+ 5P, B
Hence:
1 1 K 1—&KF 1
(5-5m) = (57 (g o) -5
That is:
1 k 15} P,
— —=F,=Ap— | P; P, —
RPW< 5" p) P, B’
That is:
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Equating coefficients on u,; in the two equations results in a scalar Sylvester equation:

AP, P =g

p, = fm o Cu_ TAR
1 — Arpf P, 1—-BpAigr
Hence:
F,r P, — AR -1
Frn ’P, PN\T=2mpB) ~ 1= Bpra
QE.D.

6.2 Appendix 2: A representation of the optimal policy rule
function of the non-observable AR(1) cost-push shock.

Gali (2015) stationary equilibrium process for the output gap and the cost-push shock,

using basis vectors (uy, z;):
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Up = PU—1 F Eyuy (42)
/\R Y

A 4
1_/6p)‘RaxUt ( 3)

Ty = ARTi_1 —
corresponds to a change of basis vectors (uy, z;) of the ADLQR representation:

Ut . -1 Ut . -1 1 0
(xt)_N (ﬁt)wth _(FU’R Fw)

implying Gali (2015) observationally and mathematically equivalent third representa-
tion of the VAR(1) of Ramsey optimal policy:

(Z:i):(AJrBFC)(zZ)Jr(é)st

xy = I gy + Fy pug

o = —2*xg and ug given
1
Y41 ) ONT(A+BF)N | ) + N &
o Tpq1 Ty 0
Tt = flﬁfﬂt - ﬁﬂ't
o = — 22w and ug given

with Gali (2015) representation of the Ramsey optimal policy rule as the second line
of the VAR(1). The output gap rule depends on its lagged value and on the lagged value
of the cost-push shock u;:

N—l(A+BF)N:< Af K ’ )

T 1-BpAr ag AR
for t = 1,2, 3... where the two stable eigenvalues of the stable subspace p and \g are
invariant to changes of basis vectors. This is obtained with intermediate computations:

1 0 p 0 1 o\ p 0
AFﬂ,R FW,R (1—p)A)\R )\R AFﬂ',R Fﬂ-’R o (1_)\R)AF7T,RP )\R

where:

—1 >\R K
1— AF =(1— v
(L= Ar) AP = (1= An) (_AR) -

6.3 Appendix 3: Identification issue for reduced form including
a non-observable AR(1) shock.

Because the auto-correlation of the policy instrument x; and the auto-correlation of the
cost-push shock are competing to explain the persistence of the policy instrument x;, this
partial adjustment model with serially correlated shocks has a problem of identification
and multiple equilibria (Griliches (1967), Blinder (1986), McManus et al. (1994), Feve,
Matheron Poilly (2007)). This VAR(1) can be written as:
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Ty = ApTy—1 + 1 and 9y = pre_q1 + €

where 1, = — It is an AR(2) model of the policy instrument rule:

K A

o TR Ut
Ty = ArTy_1 + p(T4—1 — ArTi—2) + &y

Ty = b1y + bawy_o + €4 With by = Ag + p and by = —Agp.

The structural parameter p and the semi-structural parameter A\g are functions of
reduced form parameters b; and b, solutions of:

X2 X —by=0

which are given by:

by /b3 + by
N 2

where A = b? + 4by = (p — )\R)Q. If A # 0 and p # Ag, two sets of values for \p and
p are observationally equivalent. The first solution is such that Az > p and the second
solution is such that Az < p. The larger A, the larger the identification issue, because
it increases the gap between a more inertial monetary policy with lower correlation of
monetary policy shocks and a less inertial monetary policy, that we cannot distinguish.
The ADLQR representation and Gali (2015) representation of the stationary solution of
the VAR(1) of optimal policy are not useful to identify parameters, because they include
the cost-push shock u; which is not observable.

The reduced form estimated variance o, provides another equation with a theoret-
ical positive sign restriction = > 0 for five unknowns structural parameters

K AR
ag (1-ArppB)
(O[x7"€7p7570-u):

AR and p = b — Ap

K Ar
Oy (1 - ARPB)

Oy = Oy

6.4 Appendix 4: Oudiz and Sachs (1985) vs Gali (2015) time
consistent policy

Substituting the private sector’s inflation rule (8) and policy rule (9) in the inflation law
of motion (1) and comparing it with the forcing variable law of motion (2) leads to the
following relation between Npc on date t, Npcy1 and Fy, et

1 = BE; [Te1] + kxy + up =
Nrcuy = BNrepr1pue + Ky mou + uy
Nre = BpNrcis1 + kFyre +1

A myopic central bank does not notice that Nrcy11 = Nre (Gali (2015)) in its
optimization:
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ONTC Gati

NreGai = BpNrcis1 + 6Fyrc +1 =
aF‘u,TC

F, K
u,TC —_ "0

Frrc =
™ NTC Qg

This first order condition of the central bank optimization is substituted into the new-
Keynesian Phillips curve equation, where, only at this stage, players of the game discover
that it is assumed Nrcyi1 = Nroy = Npe. Gali’s (2015) solutions are:

KR KR
_ - _ "N
H2+azzs (1 _ﬂp) Qg e

Oy, 1
R2+Ozx(1—5p)—>1—ﬂp

In time-consistent equilibrium (Oudiz and Sachs (1985)), the central bank does fore-
sees that Nrc 41 = Nrpe in its optimization, with the following solutions, that we consider
for the remaining part of the paper:

ForcGai =

= N when o, — +o0

Nrc Gai =

Npe — kEyrc+1 _ kFrrcNre + 1 N ON,rc s
L=pp 1—pp OF,rc 1—pp
E, 1
CUDE " . T -
K
Furc = T2 +oa,(1— ﬁp)Q
NTC _ Ay (1 - 5/7) R 1 _ N When o o s

K,2+Oé$(1—6p>2 1—-8p

In Oudiz and Sachs’ (1985) general solution, this is the condition after substitutions
of the private sector’s rule (matrix Np¢) and the policy maker’s rule (matrix F,, r¢) for
both dates t and t + 1 into the law of motion of the private sector dynamics:

Nrcy = J — KF,rc
J = (Ag + NTC,t+1A12)71 (Nrcr1411 + Ag)
K = (Ayp + NTC,tJrlAlZ)il (Nrci+1B1 + Ba)

with general notations and equalities with Gali’s (2015) transmission mechanism:

U1 ) _ Ain=p Ap=0 Uy n B;=0 .
Ti+1 Agy = —% Agp = % I By = —% t

In Oudiz and Sachs (1985), Nr¢ 11 = Ny, at all dates, whereas Gali (2015) assumes
myopia (or Nr¢ 41 = 0) for the policy maker. This assumption changes the initial jump
of inflation, impulse response functions of inflation and the output gap and welfare. It
does not change the identification problem of discretion raised in this paper, because the
stable subspace of discretion have the same dimension (one) using the reference Oudiz
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and Sachs (1985) discretion equilibrium or Gali (2015) and Clarida, Gali, Gertler (1999)
myopia assumption.

6.5 Appendix 5: Issues of Séderlind’s (1999) Estimation Method.

Soderlind (1999) estimation method of Ramsey optimal policy faces two problems. Soder-
lind’s (1999) is a commonly used maximum likelihood estimation of the Hamiltonian
system of Ramsey optimal policy and of time-consistent policy. The functional form of
the Hamiltonian system which is estimated does not take into account the transversality
conditions seeking the stable path of the Hamiltonian. Firstly this method has the same
probability to fit the optimal path of the Hamiltonian system than the probability to select
a given point on a continuous line, which is equal to zero. Secondly, identification issue
are overlooked in this estimation. This paper carefully deals with both issues.

Problem 1: Estimating the wrong model.

Soderlind (1999) estimates the Hamiltonian system outside its stable subspace. In our
case, it omits the stable subspace optimal rule and restriction: x; = F g+ F, rue. It es-
timates instead the policy maker’s first order equation. In Stderlind’s method, the central
bank’s preferences parameter appears in a simple explicit linear form in the Hamiltonian
system of equations. It is easy to compute the likelihood of this vector-auto-regressive
(VAR) model.

In the general case, as soon as there are at least two endogenous controllable vari-
ables, the solution for (Fy g, Fi, ) is an implicit function of central bank preferences and
monetary policy transmission parameters, given by Riccati and Sylvester equations. This
is the reason why the stable subspace optimal policy rule constraint is not handled in
Soderlind’s estimation method.

It does not make sense to estimate optimal policy using the saddle-point equilibrium
Hamiltonian system omitting its stable subspace optimal rule constraint. The saddle-
point equilibrium Hamiltonian system is a fictitious intermediate computational step to
solve optimal policy. One can solve linear quadratic optimal control with Bellman’s
equation to find optimal negative-feedback rule parameters (Fy g, Fy, ) directly, without
Lagrange multipliers. The probability that Soéderlind’s methods estimates the unique
path of optimal policy within the stable subspace is zero.

Problem 2: Loosely penalizing the likelihood.

Although the data should not fit the fictictious linear Hamiltonian system of the lin-
ear quadratic regulator before taking into account the stable subspace constraint (that
is, the policy rule should replace the policy maker’s Euler equations for the estimation),
a strategy has be implemented to penalize likelihood of the Hamiltonian system by itera-
tions such that the estimation of the Hamiltonian system includes half of its eigenvalues
to be stable and half of its eigenvalues to be unstable. However this penalizing method
does not check that:

1. Each estimated unstable eigenvalue should be exactly the inverse of an estimated
stable eigenvalue (the matrix of the Hamiltonian system of the LQR is symplectic: its
transpose is equal to its inverse).

2. Not all stable eigenvalues are allowed to be the solution of the LQR, because the
LQR solution includes stability margins and does not allow overshooting (such as an
open loop positive eigenvalue remains positive with the closed loop solution, and does
not overshoot to negative and stable values in discrete time dynamics).

These dubious estimations leads to find no identification issues when estimating Ram-
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sey optimal policy versus time-consistent policy, whereas the number of reduced form
parameter is smaller for time-consistent policy and the number of structural parameters
are the same.

Problem 3: Identification issue.

Estimating a VAR with lagged dependent variable and non-observable auto-regressive
leads to a classic identification problem (Griliches (1967), Feve, Matheron, Poilly (2007)),
where two sets of parameters are observationally equivalent for the auto-correlation pa-
rameter of the cost-push shock (see appendix).

6.6 Appendix 6: Definition of data variables

Mavroeidis data are running from 1960-Q1 to 2006-Q2.

Inflation is annualized quarter-on-quarter rate of inflation, 400 * LN( GDPDEF/
GDPDEF(-1)) with GDPDEF: Gross Domestic Product Implicit Price Deflator, 2000=100,
Seasonally Adjusted. Released in August 2006. Source: U.S. Department of Commerce,
Bureau of Economic Analysis.

GAPCBO is the output gap measure: 100 * LN(GDPC1/GDPPOT) with GDPC1:
Real Gross Domestic Product, Billions of Chained 2000 Dollars, Seasonally Adjusted
Annual Rate, Released in August 2006. Source: U.S. Department of Commerce, Bureau
of Economic Analysis and GDPPOT: Real Potential Gross Domestic Product, Billions of
Chained 2000 Dollars. Source: U.S. Congress, Congressional Budget Office.
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Figure 3: Time series of inflation and output gap and Volcker’s 1979q3 and 1982q1
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Figure 4: Time-consistent null hypothesis: perfect negative correlation (all dots should be on the regression line) is
rejected (R2=16% < 100%).
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Figure 5: Time-consistent null hypothesis: zero serial correlation of residuals (horizontal regression line) is rejected
(p=0.89).
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Figure 6 and 7: Time-consistent null hypothesis: identical slopes (auto-correlation) of inflation (p=0.59, R2=41%) and of
output gap (p=0.95, R2=92%) is rejected.
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Impulse responses of expected (positive) inflation i, and expected (negative) output gap x; during two years for time-
consistent and during six years for Ramsey optimal policy after a +1% extremely persistent autoregressive (p=0.995)
shock u, (horizontal axis) using Volcker-Greenspan (1979g3-2006g2) Ramsey estimates, with the cost of changing the
policy instrument a,=4.55, B=0.99, k=0.34. Figures also represent evil-agent out-of-equilibrium the impulse responses

Robustness to misspecification.

for initial output gap anchors with small likely measurement errors: xo+/-0.1%.

Figure 8. Time-consistent policy: inflation F p=-5, shock: F,=0. Initial inflation 1,=0.6% Initial output gap xo=-2.9% +/-

0.1% measurement error.
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Figure 9. Ramsey optimal policy. Rule: inflation F,=0.45, shock: F,=-2.86. Initial inflation my=5.5%. Initial output gap xo=-

0.4%+/-0.1%
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