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1 Introduction

Within approximately a decade the responsibility for the conduct of monetary policy has been ceded
from single central bank governors to monetary policy committees (MPC).! While this transfer of
power constitutes a global trend, the particular design of the committee and its decision-making
process vary across countries.? Observable differences occur mainly with respect to the size and
the (formal) decision rule.

While group decision-making is thoroughly studied in microeconomic frameworks and in social
psychology, it is not well understood how macroeconomic models should be adjusted if the rep-
resentative policy-maker is replaced by a committee. The theory has introduced heterogeneity in
committees largely through preferences or information and concludes that large committees are
more successful in stabilizing the economy.> Moreover, the literature usually over-simplifies the
decision mechanism by assuming a simple majority voting rule.

In contrast, this paper provides a simple model that introduces heterogeneity among MPC
members through subjective beliefs about the true model of the economy. Beliefs are modelled as
subjective probabilities in a framework of model uncertainty and learning similar to Sargent (1999)
and Cogley and Sargent (2005); The committee in this paper is non-interactive, placing the focus
of the analysis on the effect a MPC has on members’ ability to infer from the data. The voting rule
of the model, a two-stage decision mechanism, enforces truth revelation and has been analyzed by
Riboni and Ruge-Murcia (2008) empirically in the context of MPCs. They show that it is a good
description of the (informal) decision mechanism of a wide range of central banks. As far as theory
is concerned, the mechanism allows to introduce a parameter for the degree of actual consensus
in the committee; This parameter and the dispersion of beliefs turn out to be crucial factors. In
addition, the framework allows to think more clearly about the effects of committee size. More
specifically, it helps to understand why committee size itself is irrelevant. Moreover, it is shown
that the model can explain how empirical studies that account only for observable factors such as
size or formal decision rules might pick up what seemingly is a U-shaped relationship between size
and welfare detrimental variables like inflation.

Although subjectivity is introduced ad-hoc through heterogeneous priors, justification for this
approach can easily be provided: Members of the policy board might have attended graduate
schools with different economic traditions, they might be econometricians, applied or theoretical
economists or no economists at all and they might have spent time in academia or as economic
consultants before they were appointed to the MPC.* All of these factors influence the way each
committee member reads the commonly known data and thereby affects individual beliefs about
how the common goal, namely stabilizing the economy, can be achieved most successfully.

Instead the rationale for the traditional approaches is less obvious: Statistical offices usually
generate data that is accessible to all members of a monetary policy board. This common avail-
ability renders different information sets an unlikely source of heterogeneity.

!See Blinder (2004) and Blinder (2006) for a extensive description of this evolution.

2Pollard (2004) reports a sample of 88 central banks in which 79 conduct policy by committee.

3Note that, if there is only heterogeneity of information this result is a straight-forward implication of Condorcet’s
jury theorem.

‘Note that in the particular case of the European Monetary Union also country specific factors are likely to amplify
this subjectivity.



The concept of individual preferences, on the other hand, is often not carefully defined. In
this paper policy-makers are benevolent and seek to maximize welfare. Preference heterogeneity
in an accurate interpretation would therefore imply deviation from the assumption of benevolence;
This however is usually not what models of "heterogenous preferences" aim at. If preference het-
erogeneity is instead solely interpreted as heterogeneity of objective functions, it in fact has an
interpretation that involves subjective beliefs. Unlike the model of Cogley and Sargent (2005) sug-
gests, model uncertainty should in principle also imply differences in the (micro-founded) welfare
function, i.e. in the objective function of the benevolent policy-maker. Hence, if preference het-
erogeneity is carefully defined, it is unlikely to play a role, whereas the preference heterogeneity
assumed in some models of MPCs has an equivalent interpretation in line with the assumption of
subjective beliefs stressed in this paper.”

Although the model is not calibrated to a particular economy and therefore does not generate
policy advice for a particular currency area, it produces interesting general results: More specifically,
it shows that a properly sized committee, using a qualified median voting rule, can outperform a
single Bayesian policy-maker in a stable economic environment, if there is model uncertainty and
learning. However, if a structural break occurs, the committee will be slow to detect it and therefore
will perform worse than a single Bayesian policy-maker, unless it changes the decision rule to a
median voting scheme. The same intuition applies to the case of a "crisis", a period of increased
volatility. However, in this case changing the decision rule towards a more demanding consensus
requirement contributes to stabilizing the economy, because the single Bayesian decision-maker
falsely interprets large shocks as structural changes.

These observations have interesting institutional implications in favor of the European Central
Bank’s (ECB) practice to keep minutes of the MPC meetings under locker and key. Such se-
crecy allows the board to introduce discretion in the informal decision process without generating
additional uncertainty in the economy.

The remainder of the paper is structured as follows. Section 2 provides a brief overview of
the small body of literature on MPCs and contrasts my approach to comparable work. Section 3
describes the theoretical framework. Section 4 provides the results and Section 5 concludes.

2 Literature

In terms of content this paper clearly belongs to the small body of literature that studies the
effects of monetary policy by committee. Contributions to this literature include experimental
and empirical work as well as theoretical studies that treat the problem from both a micro- and a
macroeconomic perspective.

While the examination of group decision-making has a long tradition in microeconomics and in
the field of social psychology other branches have picked it up only more recently. The literature
is substantially driven by Alan Blinder and an extensive non-technical summary can be found in

®There is of course room for deviations from benevolence in political economy models. However, this would open
a whole new subject and is ignored in this work. Yet, the political economy dimension certainly allows for interesting
insights in particular for the case of the European Monetary Union.

6See Sibert (2006) for a summary of results from social psychology and their presumed impact on central banking
by committee. For a more recent contribution to the microeconomic perspective on MPCs see Riboni and Ruge-



Blinder (2006). A standard reference and an initiating paper for a series of follow-up studies is the
experimental work by Blinder and Morgan (2005): They find that committees do not only decide
better but sometimes also faster than single policy-makers. While the latter result is not undis-
puted, the fact that committees conduct better policy is a robust characteristic of the experimental
literature.

In a very recent paper Berger and Nitsch (2008) take an empirical perspective to assess the
impact of committee size on policy quality. They discover a U-shaped relationship between com-
mittee size and inflation and infer from this that the trade-off between flexibility and information
usually found in group decision-making can be measured through the size of a MPC. While I can
recover the U-shape in my analysis my theoretical framework suggests that it is not so much the
size of a committee but the decision rule that drives this trade-off.

To my knowledge very few examples of theoretical papers exist that include MPCs in dynamic
macroeconomic models. Svensson (2007) considers a committee with heterogeneous preferences
but does not address the performance relative to a single policy-maker explicitly. Gerlach-Kristen
(2003) conducts an exercise that is similar to this paper: She introduces heterogeneity through noisy
signals about the future output gap. In this framework an intuitive application of Condorcet’s jury
theorem implies that a committee in which signals are aggregated has a better perception of the
exact distribution of the signal and therefore conducts more successful policy. My paper instead
takes a step into explaining where noisy signals come from. In addition, I show that it is not clear
as a general rule that committees are more succesful and it is even less clear - as implied by her
framework - that larger committees do always better than small committees. Another paper that
is conceptually very close to this work is Berk and Bierut (2004). They also explore the intuitive
link between learning models and MPCs. More specifically, they attribute differences in preferred
policies to differences in skills and focus on the effect of learning from interaction among committee
members. My approach instead is to shut down learning within the committee and to examine how
a committee framework affects inference from the data. What I find particularly interesting is the
observation that a committee imposes limits on the possibilities of rational experimentation.

In terms of the tools I use in my analysis this paper draws heavily on the standard framework for
the study of model uncertainty. Sargent (1999) and Cogley and Sargent (2005) may be mentioned
as seminal references. The learning mechanisms are texbook algorithms as summarized for example
in Evans and Honkapohja (2001) or Carceles-Poveda and Giannitsarou (2006).

3 Model

I propose a simple model in which there exist two rival theories of the law of motion of the economy
that result in two different ways of estimating a Phillips Curve relationship - the keynesian and
the classical way. Committee members are aware of the two theories and solve an optimal control
problem choosing a policy to minimize a quadratic loss function. The policy instrument is the
inflation rate but control of it is incomplete. While agents in this economy know the two rival
reduced form models, they have incomplete knowledge about the exact value of the parameters

Murcia (2006) who analyze a dynamic voting game and the interaction of preference heterogeneity with concern
about the future. In a two-member committee they are able to raionalize empirically relevant policy inertia.



and estimate them from the (simulated) data using a standard recursive least squares algorithm.
In the commitee, policy-makers differ only with respect to the prior probabilities they attach to
the two rival models. Each period they update the weights they attach to the loss predicted by
each of the models using Bayesian methods and calculate their preferred policy accordingly. Voting
in the committee under the chosen voting mechanism is equivalent to choosing a qualified median
policy from the set of proposed actions each period. Besides being the empirically relevant voting
mechanism for monetary policy boards (Riboni & Ruge-Murcia (2008)) this voting mechanism also
ensures truth revelation and hence allows to abstract from the consideration of strategic behaviour.”
In the entire paper only committees consisting of an odd number of members are considered to avoid
draws.

A major drawback of the use of the two reduced form models is that they are not micro-
founded. This is problematic because it implies that they do not allow for a sound derivation of the
corresponding welfare criterion and thereby of the objective function of a benevolent MPC and of
the assesment of the welfare effects. At this writing I nonetheless continue to work with the reduced
form models in order to be able to preserve the link to the corresponding literature. However, the
exercise is repeated for different welfare criteria in order to account for robustness of my results.
In future versions of this project I plan to also account for the micro-foundation in a more rigorous
way.

Following Sargent (1999) the deviation of inflation from target at time ¢ is denoted by y;, the
deviation of the unemployment rate from target at time ¢ is denoted by U; and z;;_; denotes the
policy variable at time ¢. The notation underlines that policy is chosen at any date ¢ conditional on
all information available up to time ¢ — 1. As mentioned before, policy-makers’ control of inflation

is incomplete. Assuming &, ~ N <0, 0'2) the choice of the policy variable translates into inflation

as follows:
Yt = Typp—1 + &g (1)

3.1 Phillips Curve(s)

Following Sargent (1999) in his interpretation of King and Watson (1994) the two different ways
of running a Phillips Curve regression are labeled the keynesian and the classical direction of fit.
They only differ in that in the keynesian case inflation is regressed on unemployment and various
lags while in the classical case unemployment is regressed on inflation and various lags:

1. Keynesian Fit:
Y1 = Yo + U1 + 74 (L) Ut + 75 (L) gt + 111 (2)

2. Classical Fit:
U1 = Bo + Bryer1 + Ba (L) U + By (L) y + €41 (3)

Where L is the lag operator, 6, (L), 85 (L) for 6 € {~, 8} are lag polynomials and 7, and ;41
are independently distributed Gaussian errors: 7,1 ~ N (0, 0'727) and g,.41 ~ N (O, ag).

"For a sketch of the proof see the appendix.



3.2 Loss Function

As mentioned earlier, the specification of the welfare criterion is ad-hoc as in the correponding
literature. This causes a logical inconsistency in the sense that two different structural economic
models in general also imply two different welfare criteria. Woodford (2003, Chapter 6) shows that
for example a basic New Keynesian model and a model of preset prices, also referred to as a New
Classical model differ in that the latter only considers unexpected inflation to be welfare relevant.
To account for the inconsistency the numerical analysis is conducted for two different scenarios: In
the first case -similar to Cogley and Sargent (2005)- one quadratic loss function of the following
type is assigned to each committee member:

P (Ut7 Yt, xt|t71) = = (Ut2 +A- ytz) (4)

The parameter A identifies how important the policy-maker considers losses from deviation of
inflation from target to be relative to losses from movements in unemployment. Svensson (2007)
introduces heterogenous preferences via this parameter and has the committee vote on a represen-
tative relative weight.

In a second scenario, rough account of potential differences in the welfare criterion is taken and
one loss function is assigned to each model. While the specification is guided by the intuition in
Woodford (2003, Chapter 6) it should be stressed that these welfare criteria are nonetheless ad-hoc.
In future work it is planned to change from the econometric models to different types of DSGE
models that allow me to construct a welfare criterion from deep parameters.

The welfare criterion corresponding to the classical model takes the following form:

pC (Utv Yt, $t|t—1) = - ()\C : Ut2 + a?ﬁ) (5)

The variance of the residual of equation (4) captures unexpected inflation. In contrast, the loss
function assigned to the keynesian model remains basically unchanged as compared to the first
scenario:

pK (Utayt7$t|t—1) = - (AK : Ut2 + 77%) (6)

Given data and information at date ¢t each policy member minimizes in expected terms the
infinite sum of discounted future losses, assuming his parameter estimates will not change with new
vintages of incoming data. Moreover, each policy-maker has a different perception of the likelihood
of each of the two models being true in the next periods and chooses his optimal policy such that
the weighted average of future expected losses predicted by the rival theories is minimized. Note
that incentive compatibility of the voting mechanism ensures that the policy-maker does not need
to take into account the fact that not his optimal policy but the choice of the committee will be
implemented.



Obviously, for the first scenario p© = p. However, it is important to note that in both cases:
(UG,v8) = (U+y%ﬂ)ﬁmggo;mm(U+W%ﬂ)%(UHﬁ%ﬂ)vg>o.

3.3 Voting

Riboni & Ruge-Murcia (2008) suggest and support empirically a two stage voting mechanism in
which committe members decide in a first stage on the direction of change of the policy variable (e.g.
to decrease or increase the interest rate) while the decision on the exact increment is found through
a super majority vote on successive e-changes in the direction determined during the first stage.
While the empirical support is certainly a major virtue of this two-stage consensus mechanism a
close inspection reveals that the outcome differs from a qualified median rule by not more than
€. Since the choice of the € increment can be made arbitrarily small the outcomes of the two
mechanism are effectively equivalent. To illustrate this assume w.l.o.g. an odd number N for the
size of the committee and:

Toor (1) <we < oo <@fyy < oo <@y <o <@g (N) (8)
N+1 N +1
L _ H _
Tigq|t = Te+1ft ( 5 S> Tipa)t = Te41)t < 5 + S)

In this case, simple majority voting would certainly favour an increase of inflation and successive
addition of € to y; would find the required support of the super majority (= N — (% — S) +1=
% + S) until for some k € N:

yr + ke < xtL+1|t and xf+1|t <y+(k+1)e

Hence, de* € R s.t. for sufficient iterations there exists a large enough k* for which y; + k*e* =
th+1| ;- The same is true respectively if y; > ;1) ( L S) Hence, for a sufficiently small € the
two stage consensus mechanism is identical to a quahﬁed median rule that is characterized by:

L .
Tipqy o Yt < $t+1\t
o
Tiy1lt = ye S if oy € |:xt+1\t’ Letat 9)
H .
Tepape o if Yt > Ty

The numerical analysis will reveal that the choice of the parameter S is an important one and
more importantly a one ignored in both the empirical and the theoretical literature. Although
Riboni and Ruge-Murcia (2008) introduce the mechanism to the study of MPCs, they treat the
degree of consensus as a parameter rather negligent. However, intuition suggests that the trade-off



of committee vs. single-person decision-making is a one between information and flexibility. If this
is true the degree of consensus is bound to play a crucial role because it affects most directly exactly
this trade-off. As Riboni and Ruge-Murcia (2008) point out however this parameter captures an
inofficial decision-making rule; This means that a MPC that officialy operates according to a simple
majority vote and a MPC that is dominated by the chairman according to its constitution might
effectively decide according to a similar consensus rule simply because the chairman is unwilling
to decide against the board or because the formal vote is preceeded by a discussion that generates
consensus. Because it is an informal mechanism it is difficult to account for in epirical studies.
In particular it is shown that a U-shaped relationship between size and performance as found by
Berger and Nitsch (2008) in a cross-country study does not necessarily imply the existence such a
trade-off if the dimension of actual consensus is ignored.

3.4 Updating
3.4.1 Parameter Estimates:

Despite being aware of the two rival models, agents in this economy are not supposed to know
the exact value of the parameters within the model. Instead they have to deduct them from their
available information. Information at time ¢ consists of observations (Us,ys) with s € [0,...,t].
As is perfectly standard in the macro learning literature agents learn about the parameter in
their perceived models by recursively running optimal least squares regressions. As in Evans &
Honkapohja (2001) or Carceles-Poveda & Giannitsarou (2006) the updating can be characterized
by the following two equations:

R =R +g- (XZZ—1X§Z—/1 - R?—l) (10)
Be=Batg- (R X1 (Y- X0 (1)

ne{C>K}70€{/67’7}5Y;‘6{Utayt}

Note that in principle the gain parameter, g, could also vary across models. However, I can
think of no consistent argument that would lead a policy-maker to attach more or less weight to
more recent observations depending on which model he believes to be more likely. Note in addition,
that with a constant g only the distribution of estimates converges but not the estimate itself. With
g= ﬁ instead, the algorithm converges.

3.4.2 Updating of Beliefs:

It is assumed that agents use Bayesian updating to adjust their beliefs to incoming data. For any
given time ¢ the weight committee member ¢ attaches to the loss caused by the classical perception
is calculated as follows:

o p (U4|C) - w A
T p(UC) - wi 4 p (UK - (1 - w])

(12)



Here p (U¢|n) is the conditional likelihood that the realizations observed at time ¢ are generated
by model n € {C, K}. Using the distributional assumptions on e; and 7, this likelihood can be
estimated as:

~\ 2
| Ur — X 01)
p(Uiln) = ——=——="exp =~ (13)
2.1 - ait 205, 4

It is important to be aware of the fact that the Bayesian algorithm implies that once an agent is
entirely convinced of one of the two potential models (i.e. w; = 0 or w; = 1) his beliefs are arrested
at this view and no incoming data will cause him to reconsider.

4 Results

4.1 Theoretical Implications of the Framework
4.1.1 The Dynamics of Beliefs:

To examine the dynamics of the weights policy-makers attach to the different models, I start from
equation (12). To simplify, I rewrite the expression and define w! = log (% — 1). Note that
t

wi € (—00,00) and that wi is inversely related to wi. It follows:

: : (UtIK p (Ui j|K)
Wy = w; +10g E log ; Vit 14
AR p(UiC p(Ui1C)’ 14

This already confirms the intuition that policy-makers at each point in time attach more weight
to the classical view if they have a higher initial trust in this perception. Moreover they trust more
in the classical perception the higher at any point in time the relative likelihood of an observation
coming from the classical perception as opposed to resulting from a keynesian specification. Notably,
equation (14) also implies that the time paths of committee members’ beliefs never cross. Hence,
once there exists an inactivity region in the aggregation mechanism, i.e. once L # H, committee
decisions will always correspond to the individual decisions of the same two committee members who
where ranked at positions L and H. Which of the two is chosen in each period will depend on the
desired direction of the policy action. Note that with L = H in the case of simple majority voting
this implies that a committee member who initially holds the median belief will continue to hold the
median belief over the entire simulation period. Moreover, this committee member will determine
the policy of the committee at any point in time. This observation has the important implication
that size of the committee alone can not matter. More specifically, adding an arbitrary number
of additional committee members does not affect the policy at all if their beliefs are distributed
equally below and above the median. Hence, if the degree of consensus is not accounted for
discussing committee size alone is meaningless.



In a next step I closer examine the parameters that affect the relative likelihood.
matter, it is instructive to rewrite the relative likelihood function:

-1

For this

- NN i, N2
S (e[S E)] -2
p (Ut—j ’K) /E\t—j s=0 ti] e p 5= 5=0 o (15)
=t : X ;
p(UlC) R, | (ﬁ)z 2
s=0 fﬁtij
p(Ui—; | K) p(Ui—;|K)
5 [Ho=dd] 5 [Bo=dd] 0

>2] > 0; a [tf: -

s=0

t=j , . )

7s
0 [Z:; (5 ) ]

Hence, at any point in time the relative likelihood of the latest observation being generated
by the keynesian rather than the classical model will be larger the larger the sum of normalized
squared residuals generated by the keynesian model over the whole simulation period. The nor-
malization here is with respect to the latest residual. Intuition can be gained when it is realized
that the sum will be larger the more frequently the current residual is smaller than any of the
past residuals. Ignoring the stochastic influence for the clarity of the argument this means that
the current parameter estimates for this model are better than previous ones which obviously will
increase trust in this model. Similarly intuitive is the observation that this effect is stronger, the
smaller the current residual and the larger this normalized sum relative to the sum generated by
the rival model.

In summary, the prior weight and the sum of squared residuals generated by the two rival models
have been identified as determining components of the evolution of policy-makers beliefs. However,
these residuals depend on the implemented policy which in turn depends on beliefs and the quality
of the parameter estimates. Because it is not possible to solve analytically for the policy function,
residuals can not be examined in more depth and further analysis is consigned to the quantitative
section.

4.1.2 Asymptotic Behavior of the Parameter Estimates

Recursive Least Squares This section studies the asymptotic behaviour of the parameter es-
timates if agents employ a recursive least squares learning algorithm. One implication of this
mechanism is that unlike in the analysis of the constant gain algorithm in the subsequent para-
graph, parameter estimates and therefore the policy function will eventually converge to equilibrium
values. These equilibrium values are denoted by U, Yoo, Voo and ., respectively. It follows from
equations (10) and (11):

~

10



Partitioning the matrices one arrives at:

~

][ ) e e [ ][] ]
XooUoo XooXéo '7007—1 Xoo > Xooyoo XooXéo 500771 *

Having defined the necessary variables the following Proposition can be stated.

Proposition 1 ~L = Boo1 & Tl Boo—1-
Voo,1 ’ Voo,1 ’

~

Hence, to test for observational equivalence as given by given (e 7)) - (¢/ =) +€ = Bo
it remains to be examined if ﬁ = ﬁoo,l.g Proposition 2 identifies the necessary conditions.

o0,

Proposition 2 (e-9,,) - (¢/ —F.) + € = B < lim FE (i) = lim F{ (i),
T—o00 T—o00

where:
T
. 1 Up,
LFS =g Y (1 Yy
s=1
_ i—1 -1 s
2 Ff,=(1-g)7" Y (1-9) " Y=ty

s=1

Hence, if Tlgrgo FE (i) = Tlgrgo FS (i) the two models were observationally equivalent in the long
VT, s,i.” Even without stochastic components it is seen immediately that this will not be the case
if policy-makers have to learn their parameters because over the learning period the policy function
and therefore the value for inflation and unemployment will change with the parameter estimates.
What can be learned from the derivation above however, is that there will exist a constant K
such that: lim FX (i) = K - Tlgr;o FS (i). This is true, because estimates in this framework will

T—o0
converge in finite time. From this period on the two sums will not continue to grow different and the

constant K will capture the differences generated over the transition period. Figure (A) illustrates
this finding by plotting the evolution of the estimates of the long run trade off.!”

run. It is easy to see however that this can in principle only be expected to hold if g;—: an

$Where e is a vector of zeros that has as many rows as v has columns and as many columns as v has rows. In
addition it features a one to pick up the coeflicient on contemporaneous Unemployment.

Tt might by coincidence also be true if summations cancel out period-wise differences but this is does not constitute
a general case | am interested in.

10The constant of the long run trade off consists of the constant divided by one minus the sum of all coefficients
on unemployment. The slope consists of the sum of all coefficients on inflation divided again by one less the sum of
all coefficients on unemployment.

11



Constant Gain Attention is now turned to the case of a constant gain learning algorithm. It is
well understood that parameter estimates (and therefore variables) can not be expected to converge
to a point.!! Nonetheless, following Evans & Honkapohja (2001) the asymptotic distribution of the
estimates can be approximated as follows:

Proposition 3 From the distributional assumptions on the error terms in equations (1) and (3)
it follows:

1. B ~ N (B,g%g (MXC)71>
2 T ([l )71 = 8) 4] g | Oi)™ Bl i)™ + 5 (1))
Where:

o Mxc =FE[XFX{

o Myx =E [ XFX[]
o MXK =EB [XtKXtIO’ (PF (Eta?taal) _;Y\t> (PF <Bt,ﬁt,ai) _ﬁt>/'XtKXtK/]

Here PF <Bt, Ve ozi) is the policy function and X' denote the vectors of right hand side variables
in the two rival specifications of the Phillips Curve.

Proof. The Proof follows very closely Evans & Honkapohja (2001, Section 14.4) who analyze
persistent learning dynamics in a smaller version of the model that has been labeled classical in
this paper. At the core of the proof is the approximation of the stochastic recursive learning
algorithm by a continuous-time stochastic differential equation. m

This section still constitutes work in progress and a full characterization of the M-matrices
has not been achieved yet. However, the evolution of the estimates of the long run trade-off,
using constant gain estimates in Figure (B) confirm the intuitive result, that additional model
uncertainty translates into volatility of the parameter estimates. This should be reflected in the
analytical solution for the asymptotic variances.

Y'This is true, because the constant gain will always allow the most recent observation to impact on the estimate.
Since the most recent observation always has a stochastic component, estimates can never converge to a point. Note
that for this reason convergence could be attained in the deterministic model. In addition, the use of ordinary least
squares estimators would shut down the stochastic impact on the estimate in the limit by downweighting recent
observations. Values of the variables however would still fluctuate in the limit.
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4.1.3 On the Relationship between Committee and Robust decision-making

Given the requirements a committee decision imposes on the likelihood that a particular action is
correct, policies conducted by the committee are necessarily more cautious than those of a single
Bayesian policy-maker. This raises the question how policy decision-making relates to the most
careful way of dealing with model uncertainty: robust decision-making.'?

Applying the notation of Adam (2004) to the above framework, the problem of a single, robust,
policy-maker can be characterized as follows:

VR (z0,5-1) = {mgl Ey Zﬂt {Ir (¢, Si=1) - p© (24, Se—1) + (1 — Ir (x4, Se-1)) - p© (21, Se—1) }
=0 =0

(16)

Where: C( ) K ( )
1 e p% (g, Sen) > " (w4, Sia
IR (¢, Si-1) = { 0 ,if pf (2, 511) = p% (21, Se-1)

Similarly, the setup of a Bayesian MPC can be cast into the following form:

00 N
Ve (w0, 5-1) = {E;LQ By B {Z I5 - [wi (Si1) - p© (e, Sec1) + (1 — w;i (Sez1)) - o (w4, Sec1)] }
=0 =0

i=1

Where:

IE (w4, Si1) =

For simplicity the choice variable z is separated from the state vector S_;. The latter includes
the lagged observations on unemployment and inflation but also the currently estimated parameters;
(16) and (17) can then be reformulated recursively:

Cle. S ) —=In(x. S 1) (o5 (2.5 1) — oK (2. 5_
vR@,sl):ngn{p (w,5_1) m(ig'l};[v(g(xg,g)s] 1) —p (,sﬁ)} (18)

2Following Adam (2004), ’robust decision making’ is used synonymously to 'maxmin decision making’ as defined
by Gilboa and Schmeidler (1989) throughout the paper.

13



N
Vo (2, 5-1) = min L (#,5-1) = (;IE (,5-1) wi (5—1)> Lk (2,51) = Lo (,51))

+B- E Ve (2, )]
(19)

From which it can be seen that:

N

Vi (z,5-1) = Vo (2,51) & Ip(z,S1) =Y I (2, 5-1) wi (S-1) (20)
=1

Equation (20) explicates two necessary conditions for the equivalence of committee with robust
decision-making: Firstly, the set of beliefs represented in the committee must necessarily contain
wy, = 1 and w; = 0 for at least one k and one [ € [1,..., N]. If this were not true, the right hand side
of equation (20) could never exactly equal zero or one.'? Since, strict belief of this sort in a Bayesian
learning environment implies that these beliefs will never be corrected this condition is fairly strong
if taken at face value. Even more interesting however is the observation that the committee features
an inactive region which a robust decision-maker lacks in principle. Equality of policy decision can
still arise in two special cases - one of which will occur with probability zero only while the second
one is trivial. Firstly, a robust decision-maker would choose to remain inactive at a fixed point
of his policy function. However, in a stochastic model this would necessarily demand that the
disturbance term takes on the same value in subsequent periods which occurs with probability zero
only. Secondly, robust policy can only be equal to committee policy if the committe never decides
to remain inactive. Under the assumed voting scheme this necessarily requires simple majority
vote, i.e. a median voter decision: L = H (= M). The latter condition simplifies the indicator
function for the committee problem:

g 1 i i=M
CTl 0 Lif i#AM

Hence, imposing this condition on equation (20) implies:

N
Ig =) Itwi=wy (21)
=1

Clearly, this requires the median committee member to be a robust decision-maker. Since the
time path of beliefs can never cross if a Bayesian learning scheme is assumed this also requires each
single committee member to decide according to a robust decision mechanism.

13This is true because beliefs can never take on negative values.
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The above analysis reveals that the likelihood requirements a committee imposes on a decision
limit extreme policies in two ways: On the one hand, an action is only taken if it is sufficiently
likely to be correct. On the other hand, an action that minimizes potential future regret is rather
not taken if the expected value of the regret relative to the expected loss incured if the state that
justifies the safe strategy does not materialize is sufficiently small. In both cases sufficiency is
determined by the size of the required super majority, the parameter S that has been pointed out
before.

This argument suggests that the benefit of a decision committee results from the fact that it does
not fall prey to (potentially) misleading evidence as easy as a single Bayesian decision-maker but
at the same time preserves some degree of flexibility by qualifying the 'maxmin decision principle’
with the aggregation of subjective beliefs.

4.2 Numerical Analysis
4.2.1 Setup

For the numerical analysis the observation period is limited to 40 observations unless indicated
otherwise. The effect of subjective beliefs has materialized during this period and longer horizons
would only pick up the persisting differences of the parameter estimates. Once beliefs have con-
verged the difference between a committee and a single decision-maker and thereby the focus of
this paper disappears. In addition, 10 years are on average considered a reasonable period for one
central bank government to remain in office. The change of parts of the governing board might
then be interpreted as the introduction of a fresh set of beliefs.

In the baseline case the maximum dispersion of beliefs is assumed. Hence, when committees of
any size are considered the set of beliefs is always equally distributed between ~ 0 and ~ 1. The
reason not to set the boundaries exactly equal to zero and one is simply to allow every committee
member to revise his beliefs.

Throughout the analysis three different models for the actual law of motion (ALM) for the
economy are studied: A classical and a keynesian model of the Phillips Curve as assumed by the
committee and a natural rate version of the Phillips Curve that Cogley and Sargent (2005) introduce
as the Solow/ Tobin model:

1. Model A: Classical Phillips Curve

! -~

[ 0.2974 7 1 7
—0.2016 Yii1
0.9302 U;
U1 = 82823 U;j + €441
~0.0140 Yi1
0.1047 Yt—2
0.0290 | | w—3 |

ery1 ~ N (0;0.1022)
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2. Model B: Keynesian Phillips Curve

2.0943 1 7
—0.1754 Y1
0.2304 Ui
—0.1933 U4
Y41 =1 0.65%9 " + M1

0.0589 Y1
0.2623 Yo

| 04106 | | w3 |

N1 ~ N (0;0.0982)
3. Model C: Solow/ Tobin Phillips Curve

uy = Uy

ufy = uy +0.075 - (U — uy)

] ., [ (Ut —ufy) T
—0.3923 (Up — u})
—0.6871 (Up—1 — uf4)
0.3040 (Yt — yi—1) ST
_ — +
Ye+1 — Yt 0.5291 (Ye1 — yi_2) Mt+1
0.0074 (yt_g - yt_3>
| 0.0325 | Yi—2
L Yt—3 i

n2t ~ N (0;0.0619)

All values are estimates on quaterly inflation and unemployment data for the Euro Area
(1995Q1-2008Q1). However, since this is not an empirical exercise the data mainly serves to place
the calculations roughly in the right range.

To initiate the recursive learning algorithms parameter estimates on half the sample are used.
These have proven to be convenient starting values. Moreover, it appears to be a reasonable
assumption that an incoming MPC has partial information at the beginning of a term. More
specifically R(If = Rg = Ig,s and:

T —0.1199 T [ 1.2578
—0.1884 —0.0994
0.8872 0.0738

~ | 00821 | _ | —0.0650

Bo=1 o1ss7 |70~ | 04071
—0.0555 0.4529
0.0979 0.5966
0.1195 | | 0.6809 |

16



The remaining parameters are set as follows:

g B x| M=XC
0.015 | 0.99 | 16 | 0.04

Except for the relative weights on unemployment these values are standard. The chosen value
is in line with the possible ranges for deep parameters a basic New Keynesian model suggests, but
since my loss function features unemployment rather then the efficiency gap for output, not much
weight should be put on this choice - qualitative results are not dependend on this particular choice.

4.2.2 Baseline Analysis

The setup described in the previous section is now used to evaluate the performance of a committee.
To do so, the existence of a committee is taken as given and the relative performance of different
combinations of committee and super majority size is evaluated. The exact size of the welfare losses
is more or less irrelevant for this exercise since a realistic measure would certainly require a more
careful choice of parameters and starting values. What is relevant is the relative performance of
different committees within the environment of the three models.™

For a first account the performance within a stable environment is studied; This means that
the variance of the shocks is kept moderate as described in the setup of the ALMs. The results
are shown in Figures (C) to (E). While the welfare functions vary with the models the qualitative
results remain unaltered also with different specifications of the welfare criterion. For Model A
and B the figures show the result under the assumption of different welfare criteria across models,
while the results for Model C assume a common criterion. Two observations stand out: First, a
full unanimity requirement (observations along the diagonal) seems to limit the committee’s ability
to respond to the economy too much. Second, the simulations suggest the existence of a U-shape
similar to the one found by Berger and Nitsch (2008);'> However, this shape occurs along the
dimension of the super majority. Missing account of this variable can therefore seemingly translate
the shape into an apparent relation between size and performance even when -as in the case of
simple majority voting and equally distributed beliefs- size has no effect at all.

4.2.3 Disperion of Beliefs

To further highlight the result of the previous section the analysis for Model B is conducted again,
this time reducing the range of beliefs among committee members to the intervall (0.25;0.75).
Clearly the shape of the welfare plot (H) changes and, again, suggests that studies with a focus on
the size of a MPC miss crucial elements. Interestingly, the trade-off shifts towards a more demanding
consensus requirement. This is the case because now the smaller range of beliefs already enhances
the flexibility of the committee - hence, given that the committee as a whole is able to respond
more quickly it is now more desirable to increase robustness through the voting scheme. This shows
that the two factors, the degree of consensus in the voting mechanism and the dispersion of beliefs
across committee members are by no means independent.

MyWelfare measures are always scaled by the maximum loss created by the worst performing committee.
"Berger and Nitsch (2008) only observe inflation as a proxy for welfare losses. Again, the qualitative results do
not change if I observe for example average inflation only.
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What makes these comments relevant for empirical work is that both, informal decision rules
within the committee and the dispersion of MPC members’ beliefs, are factors that are hard to
control for in practice.

Another interesting observation is that the median voting committee result can also be inter-
preted as a single Bayesian decision-maker. In this case the different scenarios present the robust
result that a comittee -if constructed well- can potentially outperfom a single decision-maker. The
intuition here is again that the parameter S describing the super majority captures the trade off
between flexibility and robustness and according to my analysis some degree of robustness, i.e. a
positive S seems to improves this trade off.

In previous versions of the paper I have also evaluated the performance of the committee relativ
to single decision-makers that either know the true model or do not revise beliefs in the wrong
model. However, these comparisons usually produce exactly the expected result: Knowledge of
the true model leads to better performance, strict belief in the wrong model produces the worst
outcome. An interesting case however arises in the case of Model C. Since both models A and B
can be fit to the data produced by Model C reasonably well it actually turns out to be beneficial
to conduct policy according to any of the wrong models.'® The drawback introduced by the model
uncertainty (not necessarily, but also through a committee) is that beliefs shift from one model to
the other depending on realizations of the shock and hence policy is sometimes conducted according
to one and sometimes according to another model - this additional uncertainty generates uncertainty
about the parameter estimates and this volatility turns out to be welfare decreasing. Figure (G)
illustrates this alternation of beliefs. Apart from this it is abstracted from the analysis of strictly
believing agents in this version of the paper.

4.2.4 Structural Break

In the previous section the performance of committees has been analyzed in a stable environment
and a trade-off between a committee’s ability to respond and its robustness to respond too easily
to misguiding evidence has been identified. The question arises if and how this trade-off changes
if the environment is less stable. For this reason, the case of a structural break is considered.
In particular, after 20 quarters the ALM is assumed to switch from Model B to Model A. While
this break certainly overemphasizes what would be observed in reality it also serves to clarify the
underlying intuition. Figure (F) shows that with the structural break the trade-off shifts in such
a way as to make flexibility more valuable. A committee with a simple majority voting rule (or
alternatively a single Bayesian decision-maker) outperform committees with a more demanding
decision rule simply because it detects the break earlier.

This observation suggests that it would be desirable to endogenize the (informal) decision rule
of the MPC. For practical implementation however two difficulties arise: On the one hand endoge-
nizing the decision rule would require knowledge about the economic environment; The committee
would be required to know that it is facing a structural break rather than noise. On the other
hand a discretionary decision mechanism is likely to jeopardize the achievements of the theory of

16Since the Solow/ Tobin model has a Keynesian core it is not surprising that the keynesian Model B can be fit
better.

18



independent and conservative central bankers; That is, while it might improve the interest rate
decisions ceteris paribus it is also likely to generate additional uncertainty.

Hence, while practical implications of this finding are unclear the result points out again that
earlier studies with a focus mainly on the impact of committee size are likely to miss important
determinants. It might simply be the case that a cross country study picks up different economic
environments for committees with otherwise identical decision requirements - the particular relation
to committee size would then be purely coincidental.'”

4.2.5 The Case of a Crisis

Finally, a situation of increased economic volatility is analyzed. Contrary to the previous section
however, the underlying model of the economy remains unchanged. The ALM is again assumed
to be Model B but the variance 0,27 is increased from 0.0982 to 4. In Figure (I) it can be seen
that the trade-off shifts again towards stronger consensus requirements. The interpretation for this
observation is that now the more flexible committee (or alternatively, the single Bayesian decision-
maker) falls prey to misguiding evidence too quickly. In particular, it mistakes particular large
shocks for evidence for or against a particular model. A more cautious committee instead demands
higher likelihood requirements in order to adjust policy to shifting beliefs. If the law of motion
of the economy does not actually change but is only harder to detect, these requirements actually

contribute to a stable environment.

Clearly this observation underlines the difficulties that arise with respect to practical imple-
mentability. However, theoretically one can conclude that unless the economy changes structurally,
a super majority demand requirement in a MPC helps to stabilize the economy in particular with
respect to a representative Bayesian decision maker or with respect to the simple majority vot-
ing rule that is frequently assumed in the theoretical literature. It is beneficial to tighten this
requirement in volatile times and it is advisable to loosen it if the economy undergoes a structural
change.

5 Conclusion

This analysis introduces a MPC into a dynamic macroeconomic model that features model un-
certainty and learning similar to Sargent (1999) and Cogley and Sargent (2005). The analysis
directs the attention towards two important factors that have been treated negligent in the existing
literature: The dispersion of beliefs across the members of the committee and the degree of consen-
sus that the committee requires to agree on a policy change. These observations have important
implications for theoretical and empirical work.

In terms of theory it is pointed out that a median voter assumption simplifies the analysis
too much. More specifically, it neglects one important dimension along which a committee adds
robustness to its decisions: the degree of consensus. A second theoretical contribution is implied by
the observation that committee size alone is not important. This result puts research to the test that

"Note that "different economic environments" does not refer to different positions on the business cycle but to
structural differences of the economies.
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has attempted to characterize the optimal monetary policy committee by its size. Taking the results
of this paper at face value, these previous results are purely coincidental. Finally, the numerical
analysis shows that the optimal committee can not be a static entity. In particular the informal
decision routine should adjust to the economic environment.'® This result can be interpreted in
favor of the secrecy the ECB employs with respect to the publication of minutes. The discretion,
the analysis in the previous sections calls for, is accompanied by the danger of destabilizing market
expectations; This danger is mitigated if the degree of consensus is not publicly known.

As far as empirical analysis is concerned this paper again puts previous results to the test.
The fact that two, in principle unobservable, factors affect the committee’s ability to stabilize the
economy crucially requires careful empirical analysis. As Riboni and Ruge-Murcia (2008) point
out for example, the formal decision scheme does not provide a sufficient proxy for the informal
procedure. It should be interesting to see the effect a good proxy has on the results of earlier
empirical work.

This empirical path also points the direction for future research. More specifically, fitting the
model to particular currency areas can not only provide more specific advice for the conduct of
monetary policy by committee, it will also allow to evaluate the model’s predictions relative to
historic data across different countries and periods.

18This is a theoretical result. The transmission towards practical implementability is referred to future research.
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Appendix

A  Proofs.

Proposition 1. Rewriting the equations from the partition:

UZ7 0 Voo1 t Uso oo’Yoo 1= Uxo¥oo (22)
XooUsoAoo1 + XooXreToo-1 = XooYoo (23)
Y2 Boot + Yoo XboBoo,—1 = YooUso (24)
XoolYooBsot + XooXleBoo 1 = XooUso (25)

Equation (22) and equation (24) result directly in:

Voon = U oo = U XoAo—15 Boot = Yoo Uso — Yoo X oo Boo,—1-

This allows to proof the proposition as follows:

1 -~ _ _
= = Baor & 1= (Ulvoo ~ U XA 1) (! Une = 9 Xl 1)

o0,
=

I=1- Uo_olXa,)oﬁoo,fl - Xoo’}/oo 71yoo + U 1‘Xvoo’%)o 71yoo X ﬁoo -1
=

U X, ;Y\oo -1 = (Xéoﬁoo,—l yOO) X, /Boo 1 U Xoo:}\/oo -1 — (_UOO;yoo,l) Xéoﬁoo,—l
-~
/o~ ’YOO )
X, lyoofl ( 7001)X 60071@_ _Boo,fl
700,1

Proposition 2. First, note:

9, = [Z (1—g) . (Xt”iX[”i)] [Z (XP Y1)

i=1 =1

Again, partition the vector of parameter estimates as done before to obtain the following two
sets of equations:

T
AR - Ara+Bf Ara | _ | D (=9 Ur—yr (26)
CF - Ary +Df A i=1
kl I OC
T
—~ T .
Af - /BTl +BG - Bra | _ | > (=9 yr iU (27)
Cg - 5T1 + DS - B4 =1

cr
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Where the following definitions have been used:

_ T .
- -
AKX BK Z (1-9) " Ui, Z (1—-9)" - Ur—iXp_,
[ T Djl} } = i=1 =1 .
Cr T . A ;
Z (1—9) " Xr_iUr_; Z (1-g) " Xp_ X,
L =1 i=1
_ T .
i1 2 i—1 vt
AC  RC Z (1=9)""vr Z (1-9)" - yr—iXr_;
T T — =1 =1 .
CYQ Dg :| T .- T - y
Z(l 9)'" - Xr_iyr—i Z(l —9)" - Xp_i X,
- =1 i=1
T .
K Z (1—g) " Ur_iyr—
Er | _ | =
Ef

T .
Z 1—9) " yr_iUr—;
From equations (26) and (27) one obtains the following expressions for 77; and BTJ:
_ -1 _
Ty = [AF - BE - (DF) - Cf|  [BF - BE - (DF) - cf) (28)

~ _ -1 _
Bro = [AF - BS - (D§) " cf] B - B (D) - CF]. (29)

Inverting equation (29) consequently gives:
~—1 —1 -1 -1
Bry = |Ef - BY - (D) Cf | [4f - BE - (D) - of] (30)

Simple transformations, DS = qug = Dp, Eg = E{f = Er, 5’7{( = D;lC{f, Cc¢ = D;lCIQ then
allow to rewrite (28) and (30):

R -

r T T T
= _ K -1 ) K —1 v/ ~K K —1 -~ ~C | .
Yra = Z Fr; " Ur—i — Z Fr,” Xr_i-Cr 1—- Z Fri= " Xp_i- CF |
Li=1 i=1 i=1 i

- T 4 —1 r T -
~—1 . _ ~ -~ ~
ﬁT,l = ZFTCz 1UT—i - ZFTCZ 1Xlei ) C:IF{ 1 - ZFTCz 1X’./Tfi ) Cg

Li=1 =1 i L i=1 i

Noting that F:,{(Z and Fg ; are defined in the following way proofs the proposition:

T T
i -1 Ur- - 1 Yr—
Fri=(1- 9)' b Z (1-9) b Ur %Z/T—s; Fg@ =(1-g9) b 2(1 -9)° b ur S‘yT—s-
7

s=1 - s=1
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Voting Mechanism. (Preliminary) Proof that the voting mechanism as given by equation (9)
enforces revelation of the true desired policy.

To sketch the proof, define Iy [xl,xL) P [a:L,xH] and I (a:H,xN] in an ordered
sequence of desired policies as given by (8). Here 2” and zf are defined assuming the agent told
the truth. Moreover, define y as last periods inflation and z* as the desired policy of a committee
member. Consider the following three cases:

1. z* € [ml, xL): The agent is able to influence the decision upwards by reporting a preferred
policy outside the interval. However, this would move the policy contrary to his desired

outcome.

2. x* € [a:L, zH ]: The agent is able to influence the decision only if he falsely claims to be prefer
a policy that would constitute a new bound of the inactivity interval. However, this would
ask him to over or to understate the current bound which then - if anything - would cause
the decision outcome to be futher away from his preferred action. Hence, the the agent is
again indifferent between reporting values that do not influence the decision but prefers truth
telling over falsely repoting values that would have an impact.

3. z* € (xH , T N}: Here again, the only potential influence the agent can excert is to lower the
upper bound of the inactivity interval. This however moves the policy away from what he
prefers.

The argument assumes that agents know and take as given the preferred policies of the other
committee members which is consistent with the informational assumptions of our model. Bar-
gaining and explicit coordination is not considered. m

B Model Uncertainty.

The perceived laws of motion are given by the following equation: gt = A”-gt_l +B"xy 1 +C™ugy;
Where A" = (A2)"1 A7, B" = (A2)"! By and C" = (A7)}, for n € {K, C}.

[ U ] (10 =3, 0 0 0 0] 10 —5- 000 0]
U1 01 0 0000 01 0 0000
N " 00 1 0000 00 1 0000
Si=| w1 |;A5=]00 0 100 0]|;Af 00 0 100 0/;
Yio 00 0 0100 00 0 0100
Yi—3 00 0 0010 00 0 0010
1] 00 0 000 1] (000 0 000 1.
[ By Bs By Bs Bs Br Bo ] BT T i A i iy
1 0 0 0 0 0 0 1 0 0 0 0 0 0
00 0 0 0 0 O o 0 0 0 0 0 0
AA=]10 0o 1 0 0 0 0 |;AF=] 0o o 1 0o o0 0 0
00 0 1 0 0 0 o 0 0 1 0 0 0
00 0 0 1 0 0 o 0 0 0 1 0 0
L0 0 0 0 0 0 1 | o 0 o0 0 0 0 1

24




0 [ ct41 [ _%nt—i-l ]
0 0 0
1 §iv1 §im1
BOC’K: 0 ;utOH: 0 ;ufilz (J)r
0 0 0
0 0 0
| 0 ] | 0 | | 0 ]

A Bayesian decision-maker facing model uncertainty then constructs a simultaneous law of
motion for the two models:

§t+1 _[AC 0]. Et
Sepr | L O AR S,

Similarly the objective function caluculates losses predicted by both models simultaneously and

BC

+BK

" Tyt

ok ok ] len]
cft cf §i1

~ !/ ~
attaches the committee member specific weight to each loss: p = §t+1 i §t+1 , where:
Si+1 St
[ 0 (1—w§)(M"'Q"M")

and where M™ picks up the appropriate variables from the state vector and Q" attaches the
appropriate weights. Clearly Q¢ = Q¥ and M® = M¥ in the case of a single welfare criterion.

C Figures.

Figure (A) - Long Run Coefficients: RLS Estimates
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Welfare Losses
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Figure (B) - Long Run Coefficients: Constant Gain Estimates

Figure (C) - Welfare Losses: Model A
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Figure (D) - Welfare Losses: Model B

Figure (E) - Welfare Losses: Model C



Figure (G) - Evolution of Median Beliefs: Model C
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Figure (H) - Welfare Losses: Model B; Reduced Dispersion of Beliefs

Figure (I) - Welfare Losses: Model B; "Crisis" (Volatile Economic
Environment)



