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Abstract

The euro adoption in Lithuania in 2015 triggered the entry into force of a major institutional change

in the ECB Governing Council, i.e. rotation of voting rights between country representatives. In

the likely case of home-biased voting preferences, such a rotation scheme leads to violation of the

assumption that monetary policy parameters are constant. This paper introduces an extension

to the algorithm of solving DSGE models under such circumstances. We generalize the standard,

Blanchard-Kahn-like methods of solving DSGE models to the case compatible with the new ECB

setup (or any similar setup, such as Fed's), i.e. time-varying non-stochastic structural parameters,

recurring in a �nite cycle. Using a standard, New Keynesian open economy model, we apply the

proposed algorithm to demonstrate that the impact of rotation on macroeconomic volatility should

remain limited, at least under moderate home bias in policymakers' preferences and historical

degree of asymmetry in shocks.

JEL Classi�cation: C32, C61, E52, F15.

Keywords: solving rational expectations models, DSGE, ECB Governing Council, monetary policy,

monetary union.

1 Introduction

It may have been hardly noticeable for the euro area economy as a whole, but it eventually triggered

a major institutional change: on 1st January 2015, Lithuania became the 19th member of the euro
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area. The number of euro area countries thereby exceeded 18, which had long before been de�ned

as the point at whichthe European Central Bank Governing Council (the euro area's monetary policy

council) shall introduce the new voting system. In this system, only part of the Council members

(majority of them being governors of euro countries' central banks) are entitled to vote on the interest

rates, and the voting rights rotate over time.

Until 2015, the Council was composed of all the national central bank governors from the euro area

countries with the right of vote in every decision meeting, as well as the ECB Board of Directors. It has

long been acknowledged that, in this institutional setup, further euro area enlargement would imply a

growing number of the former group, which in turn would lower the e�ectiveness of the decision process

due to coordination problems (see e.g. Gerlach-Kristen, 2005). In 2003, the Treaty of Nice initially

de�ned the rotation framework and the European Union leaders decided to set the implementation

date at the moment when the number of euro area countries exceeds 15; once that was the case in 2009,

the details of the rotating scheme were issued (European Central Bank, 2009), but the implementation

was further postponed until the number of countries exceeds 18.

In a perfect world, it would not be incorrect to view the composition of the Council as pure technicality,

as the members ful�l the same mandate of maintaining the price stability in the euro area as a whole,

without any regional perspective (see European Central Bank, 2003, for some discussion). However,

in the post-crisis Europe (and elsewhere) growing national or regional centrifugal forces have been

increasingly visible � Brexit being the most prominent example. Under such circumstances, one can

expect that country representatives in supranational bodies such as the ECB are likely to remain

under some kind of pressure to reveal more home-biased policy preferences. Even before the �nancial,

economic and euro crisis, a number of authors (Baldwin et al., 2001; de Grauwe, 2003) pointed to the

risk of growing (and over-proportional) impact of the EU's New Member States (Central and Eastern

Europe). If we acknowledge this home bias in monetary policy modelling, even to a minor extent, then

an introduction of a rotation scheme can constitute a new source of macroeconomic volatility.

In this paper, we demonstrate that a DSGE model of monetary policy that incorporates (i) a rotation

scheme and (ii) some home bias of the Council members in preferred interest rate decisions leads to

new methodological challenges. Standard solution techniques applicable to constant-parameter DSGE

models are not applicable here (Blanchard and Kahn, 1980; Uhlig, 1999; Klein, 2000; Christiano,

2002), and the available solution techniques for time-varying parameters are designed to account for

di�erent types of time-variability patterns (Markov-Switching DSGE � Farmer et al., 2011, occasionally
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binding constraints �Guerrieri and Iacoviello, 2015 or solution under terminal conditions � Jung et al.,

2005). We address this issue by generalizing the algorithm of Klein (2000) to the case of time-varying,

nonstochastic parameters recurring in a �nite cycle. We build upon a similar exercise by Torój (2009)

that was applied, however, to an ad-hoc model rather than a micro-founded DSGE model. Our main

objective is to use the proposed algorithm to simulate the impact of the rotation scheme on the

macroeconomic volatility. However, the proposed method could in principle be applied to e�ciently

handle any parameter �uctuation problem of this type, in particular � seasonality patterns, which are

normally absent from DSGE modelling.

The rest of the paper is organized as follows. Section 2 reviews previous literature on rotation schemes

in multinational or federalist decision-making bodies, especially in monetary policy. Section 3 presents

an illustrative, standard New Keynesian DSGE model of a monetary union and develops the extensions

that challenge the standard solution procedures when a rotation scheme is introduced for home-biased

policymakers. Section 4 proposes a method of solving a model with variable coe�cients that recur in

a �nite cycle. Section 5 presents an application of the considered methods in simulations. Section 6

concludes.

2 Literature review

The new rotation system at the ECB Governing Council envisages the partitioning of the euro area

countries into 2 rotation groups: 5 states with 4 votes and the rest of the states with 11 votes.

Furthermore, upon exceeding the number of 22 member countries, 3 rotation groups would be created:

5 states with 4 votes, half of the states (rounded up if necessary) with 8 votes and the rest of the states

with 3 votes. The distribution of states between groups is based on the ranking with respect to the

following indicator:

Vj =
5

6
· GDPj
GDPEA

+
1

6
· ABSMFIj
ABSMFIEA

(1)

where: GDP � gross domestic product at market prices, ABSMFI � aggregated balance sheet of

monetary �nancial institutions, EA � euro area index, j � index for state j. The update of the ranking

will be performed every time the Council is extended, or every 5 years.

The main voice of criticism related to the new system focuses on the fact that it re-emphasises the

national composition of the Council, thereby 're-nationalising' the euro monetary policy and hence
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taking a step back in the monetary uni�cation of the euro area (cf. Belke, 2003; Friedrich, 2003). A

number of empirical analyses expose the relationship between the individual interest rate decisions of

monetary policymakers and the economic situation of their region of origin. This could be the case not

only for the euro area (Heinemann and Huefner, 2004), but also for monetary policy councils of highly

integrated, federalist states: USA (Gildea, 1992; Meade and Sheets, 2005) and Germany (Berger and

de Haan, 2002).

Further reservations towards the new voting system made in the literature were related i.a. to: low

transparencyBelke (2003), arbitrary construction of the indicator Vj (not least leading the inclusion

of Luxembourg in the second group � Belke, 2003; Meade, 2003), inability to address the issue of

ine�cient collective decision making process (the number of voters remained high and the discussion

rights � unrestricted), as well as the absence of EU New Member States from the reforming process

(Kosior et al., 2009).

Table 1: Voting reform in the ECB Governing Council: review of the literature

Study Tools applied Conclusions

Aksoy et al. (2002) Standard New Keynesian framework.
Cross-country heterogeneity stems from di�erent
monetary policy preferences, transmission
mechanisms and business cycle developments.

The Board of Directors can e�ectively lead
the monetary policy even when governors of
individual central banks are home biased.
Pro-european focus, however, maximizes the
welfare.

Bénnasy-Quéré

and Turkisch

(2005)

Regional bias combined with rotation system. No
endogeneity of future output or in�ation with
respect to interest rates.

Introduction of rotation will impact the
e�ectiveness of ECB policy to a limited
extent. Low rotation frequency would be
bene�cial to the �old� member states.

Paczy«ski (2006) Regional bias combined with rotation system.
Various degrees of home bias and decision rules
considered.

Substantial home bias of the Council
members might lead to serious policy errors.

Belke and

Styczynska (2006)

Voting power indices and the regional bias of the
Board's members.

The rotation system strengthens the ECB
Board of Directors and � marginally � the
big euro area economies. Sudden shifts in
voting power could boost output and
in�ation volatility.

Fahrholz and Mohl

(2006)

Voting power indices. The rotation system strengthens the ECB
Board of Directors and � marginally � the
big euro area economies.

Kosior et al.

(2008)

Voting power indices. New Keynesian model. Pro-european focus of the Council's
members minimizes output and in�ation
volatility.

Berger and

Knuetter (2012)

Literature review, critical discussion. 'Only a move toward more centralised
decision making promises e�cient, timely,
and transparent decisions that avoid
national biases.'

Source: Kosior et al. (2008); author.
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Based on previous literature (see Table 1), and focusing on the aim and scope of this paper, a few major

points can be made. Firstly, national focus of policymakers appears to exist, and the 'one-size-�ts-all'

problem is likely to aggravate it. Secondly, any national focus of the Council members generates

welfare losses and di�culties in policy making and coordination. Thirdly, shifts of voting power

between Council meetings will take place. The latter e�ect could be anticipated by the markets in

the entire euro area, and this motivates the use of rational expectations DSGE model in simulating

the e�ects of this reform in terms of growing volatility. Such a perspective is largely missing in the

literature, and the following sections attempt to �ll this gap.

3 DSGE model of the monetary union

This Section presents a standard New Keynesian DSGE model of a 2-sector, open economy. The model

builds strongly upon multi-region currency union models, such as e.g. ones considered in the works

by Benigno (2004), Lombardo (2006), Brissimis and Skotida (2008), Kolasa (2009) and Torój (2016).

A number of nominal and real rigidities are included in the model, such as staggered price and wage

setting, backward-looking indexation schemes and consumption habits. For clarity of presentation, we

discuss a 2-country version of the model below (home versus foreign economy), but generalisation to a

higher number of countries made in the following Sections is straightforward. Henceforth, parameters

describing the foreign economy are denoted analogously to home economy and marked with an asterisk,

e.g. σ and σ∗. Lowercase letters denote the log-deviations of their uppercase counterparts from the

steady-state values.

3.1 Households

The analysed, 2-region economy is inhabited by a continuum of in�nitely lived households, represented

by the interval [0; 1] , whereby the households in the �rst region (say, home economy) are indexed over

[0;w] (relative size of the region: w), and the in the second region (say, foreign economy) over [w; 1].

A representative household in the home economy derives utility from consumption and disutility from

hours worked. The constant relative returns to scale utility function takes the following form (cf. Galí,

2008; we drop index j ∈ 〈0;w〉 for variables U , C, H and N using the fact that the household is

representative):
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Ut (Ct, Nt, Ht) = εd,t
(Ct −Ht)

1−σ

1− σ
− εl,t

N1+φ
t

1 + φ
, (2)

where Ct � consumption at t, Ht � stock of consumption habits at t, Nt � hours worked at t, εd,t �

demand shock at t, εl,t � labour supply shock at t, σ > 0 and φ > 0. Consumption habits are assumed

to be proportional to consumption at t− 1 (see Fuhrer, 2000; Smets and Wouters, 2003):

Ht = hCt−1, (3)

with h ∈ [0; 1). Apart from supplying labour and consuming, all households can access complete

markets of Arrow securities priced Dt at the moment of purchase. This leads to both intertemporal

consumption reallocations and international risk sharing (see also Chari et al., 2002; Galí, 2008;

Kolasa, 2009; Lipi«ska, 2014), equalising marginal utility from consumption both across space and

time. Households also receive a lump-sum subsidy (which is a frequent technical assumption made to

restore an e�cient steady state in the presence of �rm's market power in the monopolistic competition

model, cf. Galí, 2008), denoted as Tt net of lump-sum taxation.

Domestic households maximize at t the discounted �ow of expected future utilities:

Et

∞∑
t

βtU (Ct, Nt, Ht)→ max
Ct,Nt

, (4)

where β ∈ (0, 1) is the discount factor. Maximization of (4) is subject to a sequence of the following

period budget constraints faced by a representative household:

PtCt + Et {Qt,t+1Dt+1} ≤ Dt +WtNt + Tt (5)

where Pt denotes the price of the consumption unit.

The representative household consumes two bundles � tradable and nontradable goods:

Ct ≡
[
(1− κ)

1
δ C

δ−1
δ

T,t + κ
1
δC

δ−1
δ

N,t

] δ
δ−1

, (6)

where κ ∈ (0; 1) characterizes the steady-state share of nontradables in the home economy and δ > 0

is the elasticity of substitution between the goods produced in both sectors.
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The domestic consumption of tradables at t consists of goods produced at home, CH,t, and abroad,

CF,t:

CT,t ≡
[
(1− α)

1
η C

η−1
η

H,t + α
1
ηC

η−1
η

F,t

] η
η−1

. (7)

An analogous relationship holds for the foreign economy. Given this, α is an intuitive measure of degree

of openness and hence 1 − α captures the home bias in consumption. η > 0 is the elasticity of

substitution between home and foreign tradable goods.

The consumption of domestic tradable goods in the home economy (CH,t) and in the foreign one (C∗H,t)

is de�ned respectively as:

CH,t ≡

( 1

w

) 1
εT
∫ 1

0

(∫ w

0

CjH,t,kdj

) εT−1

εT

dk


εT
εT−1

, C∗H,t ≡

( 1

w

) 1
εT
∫ 1

0

(∫ w

0

Cj∗H,t,kdj

) εT−1

εT

dk


εT
εT−1

.

(8)

Domestic households also consume foreign tradable goods bundle (CF,t). Foreign goods are also

obviously consumed by foreign consumers (C∗F,t):

CF,t ≡

[(
1

1−w

) 1
εT
∫ 1

0

(∫ 1

w
CjF,t,kdj

) εT−1

εT dk

] εT
εT−1

, C∗F,t ≡

( 1

1− w

) 1
εT
∫ 1

0

(∫ 1

w

Cj∗F,t,kdj

) εT−1

εT

dk


εT
εT−1

.

(9)

The parameter εT > 1 measures the elasticity of substitution between various types of goods

in international trade, k indexes the varieties of goods, and j � the households (integral over j re�ects

the di�erence in both economies' size).

The nontradable consumption bundles, domestic (CN,t) and foreign (CN∗,t), are characterized

in a similar fashion as:

CN,t ≡

[(
1
w

) 1
εN
∫ 1

0

(∫ w
0
CjN,t,kdj

) εN−1

εN dk

] εN
εN−1

,

CN∗,t ≡

[(
1

1−w

) 1
εN∗ ∫ 1

0

(∫ 1

w
Cj∗N∗,t,kdj

) εN∗−1

εN∗ dk

] εN∗
εN∗−1

.

(10)

Consequently, εN and εN∗ are de�ned as elasticities of substitution between various types
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of nontradable goods, in the home and foreign economy. Consumption bundles de�ned in (8)-(10)

are characterised by their respective unit prices PH,t, PF,t, PN,t and PN∗,t.

By solving the representative household problem, we establish the optimum consumption of individual

varietes as a function of their price di�erentials versus their respective consumption baskets, as well

as the volumes of these baskets. We aslo obtain the Euler equations for consumption (domestic and

foreign), labour supply equation (domestic and foreign) and international risk sharing condition.

The labour supply condition, stating equality between marginal rate of substitution between

consumption and leisure, mrst, and the real wage, wt − pt, holds only in the long run. In the short

run, households cannot freely adjust nominal wages. We apply a simpli�ed version of labour market

rigidities based on the proposal of Erzeg et al. (2000), in which nominal wages are sticky and follow

the Calvo (1983) scheme. Only a fraction of households, 1 − θw ∈ (0; 1), can renegotiate their wages

in every period. This fraction remains constant and households allowed to reoptimize are selected at

random. In particular, the probability of being allowed to renegotiate the wage does not depend on the

amount of time elapsed since the last change. Other households partly index their their wages to past

consumer in�ation. Their fraction is represented by the parameter ωw ∈ (0; 1). Under monopolistic

competition in the labour market, individual domestic and foreign households supply di�erentated

types of labour services with the elasticity of substitution εw. These assumptions lead to wage Phillips

curve, describing nominal wage dynamics πw.

3.2 Producers

The producers of every variety k in the tradable or nontradable bundle face a single-factor

Cobb-Douglas production function with constant returns to scale (see Galí, 2008). This leads to

sectoral production functions, and further � to real marginal costs equations in every sector (H, F , N ,

N∗). Supply shocks may occur in every sector (denoted as εHt and εNt in the home economy, and εFt

and εN∗t in the foreign one).

Producers maximise the discounted �ow of future expected pro�ts under constraints resulting from the

presence of nominal price rigidities in the economy. Following the usual approach in the New Keynesian

literature, we model these rigidities by means of the Calvo (1983) scheme. In a given period, a fraction

θ of producers are not allowed to reoptimise their prices in reaction to economic innovations and must

sell at the price from the previous period. The probability of being allowed to reoptimise the price

is equal across producers: 1 − θ in each period, independently of the amount of time elapsed since
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the last price change. Fraction ω of the producers able to change the price use a backward-looking

indexation scheme. This mechanism leads to a hybrid Phillips curve (see Galí and Gertler, 1999; Galí

et al., 2001).

Separate θ and ω paramterers characterise each of 4 production sectors (H,F,N,N∗). Domestic

consumer in�ation rate (πt) is a weighted average of relevant sectoral in�ation rates (πHt , π
F
t , π

N
t ).

The same is true for the foreign economy (up to weights, and with πN∗t instead of πNt ).

3.3 Market clearing conditions

The markets of every product variety j, whether supplied in the home or foreign economy, clears when

its output equals its worldwide consumption:

Yt,k =

∫ 1

0

Cjt,kdj. (11)

Indices k can be grouped into four markets: H, F, N and N* goods, in which the resulting, aggregate

conditions hold. To derive them, it is convenient to defne the following price ratios: �rst, bilateral

terms of trade between the home and foreign economy price ratio of domestic tradable output to foreign

tradable output:

St ≡
PH,t
PF,t

, (12)

and second, internal terms of trade as price ratio between tradables and nontradables (separately in

the home and foreign economy):

Xt ≡
PT,t
PN,t

, X∗t ≡
P ∗T,t
P ∗N,t

. (13)

whereby PT,t is de�ned, consistently with (7), as an aggregate of domestic and foreign tradable goods.

Using (11), (12) and (13), as well as household optimality conditions, we can express the output is as a

function of domestic consumption, foreign consumption, terms of trade, domestic and foreign internal

terms of trade, and the model parameters.
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3.4 Monetary policy: baseline framework

The union-wide monetary policy is described by a Taylor (1993) rule with smoothing:

it = (1− ρ) [r∗ + π∗ + γπ (π̃t − π∗) + γy ỹt] + ρit−1, (14)

with it � nominal central bank rate at time t, ỹt � output in the monetary union, π̃t � in�ation rate

in the monetary union (as deviations from the steady state), r∗ � natural interest rate, π∗ � in�ation

target of the union's central bank, ρ ∈ (0; 1) � smoothing parameter, γπ > 1, γy > 0 � parameters

for central bank reaction to deviation of in�ation from the in�ation target and output, respectively.

The condition γπ > 1 is required for the Taylor principle to be satis�ed and the equilibrium to be

determinate (Taylor, 1993). The in�ation rate and output in the entire monetary union are calculated

as weighted averages over the member countries:

π̃t =

n∑
j=1

wjπj,t, πj,t = (1− κ) (1− α)πHj,t + (1− κ)απFj,t + κπNj,t, (15)

ỹt =

n∑
j=1

wjyj,t, yj,t = (1− κ) yHj,t + κyNj,t. (16)

In the baseline case, country weights (vector wn×1) re�ect relative sizes of n economies (j = 1, ..., n)

participating in the monetary union. Technically, as the ECB de�nes the price stability target in

terms of the area-wide Harmonized Index of Consumer Prices dynamics (�close to, but below 2%�),

the weights could be associated with country weights for the area-wide HICP formula, published by

the Eurostat. These are derived from national accounts as the share of consumption spendings of

households in a given country in the analogous value for the euro area.1 They evolve sluggishly and

most of their volatility was triggered by accessions to the euro area (Greece, Slovenia, Malta, Cyprus,

Slovakia).

3.5 Extension: rotation scheme in the ECB Governing Council

In line with the streams of criticism reported in Section 2, in the alternative case we can assume that

every central bank governor implicitly prefers some nominal interest rate level, conditional upon the

(possibly asymmetric) cyclical position of their country of origin:
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ij,t = (1− ρ)
[
r∗ + π∗ + γπ

(
πj,t − π∗j

)
+ γyyj,t

]
+ ρit−1. (17)

If he or she wanted to reduce the cyclical stress in their country of origin (see Clarida et al., 1999;

Calmfors, 2007), they would be inclined to vote in favour of interest rate changes towards ij,t, even

if these changes were at odds with (14).2 The �nal preference of the national central bank governor,

declared in the voting, is de�ned as a weighted average of the �pro-european� rate in (14) and the

preferred rate for his country of origin, as in (17):

ĩj,t = (1− hb) it + hbij,t. (18)

The parameter hb ∈ [0; 1] measures the 'home bias' in the decision of the Council's members. In

this paper, we assume equal hb across all Council members, possibly as a symmetric multi-period

equilibrium. With fully 'pro-European' voters, hb = 0. The other limiting case of fully home-biased

voters occurs when hb = 1.

The outcome of voting at t is approximated by the arithmetic average over preferences submitted by

the governors allowed to vote at t. Let aj,t be a dummy equal 1 when country j representative has got

the right to vote at t and 0 otherwise. With these assumptions, the �nal interest rate decision of the

ECB can be written as:

īt =
1∑
j aj,t

n∑
j=1

aj,t · [(1− α) it + αij,t] . (19)

Note that, in our numerical example, however, we do not consider the option of home-biased ECB

Board members (the generalisation is straightforward).

Substituting (14)-(16) and (17) into (19), we obtain the �nal form of the Taylor rule for the ECB:

īt = (1− ρ){r∗ + π∗+

+
[
(1− α) wT + αaTt

]
γπ (πt − π∗) +

[
(1− α) wT + αaTt

]
γyyt}+

+ρit−1,

(20)

where symbols in bold subscripted t are vectors of size n × 1 containing a sequence of identically

denoted variables over countries, and π∗ = π∗ · 1n×1.

Note that if the home bias of the central bank governors is non-zero, the rotation scheme implies that
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the Taylor rule parameters for in�ation rates and output gaps in individual economies vary in time. In

other words, country weights in the nominal interest rate equation, as opposed to equations (15)-(16),

are non-constant. In consequence, so are the parameter matrices in the log-linearised model. That is

exactly what prevents us from applying standard solution methods.

3.6 Stochastic properties of the shocks

For every type of shock in the model εjt (with j ∈ {D,D∗, H, F,N,N∗,W,W ∗} and εjt = ln εjt ), we

assume an autoregressive process:

εjt = ρjε
j
t−1 + ujt , (21)

with ujt ∼ N
(
0, σ2

j

)
. We allow the shocks of given types to be correlated between regions (i.e. D with

D∗, H with F , N with N∗, W with W ∗), but we assume independence between types of shocks.

3.7 Parameter values

The parameter values used in the simulation were derived from Torój (2016) as the respective

parameters for the euro area. Part of them were calibrated, and the rest � estimated with Bayesian

methods as posterior means (see Table 2).

Table 2: Parameters of the model

parameter value parameter value parameter value parameter value

β 0.995 h 0.3627 θH 0.3519 ωH 0.2106
α 0.3835 σ 1.0321 θN 0.7512 ωN 0.7224
κ 0.7822 η 0.4009 θW 0.6136 ωW 0.3350
δ 0.8754 φ 2.2064
σd 0.0257 correlation D 0.3422 ρd 0.5881 γπ 1.5699
σH 0.0158 correlation H − F 0.2634 ρH 0.3028 γρ 0.6737
σN 0.0195 correlation N −N∗ 0.2034 ρN 0.3768 γy 0.8670
σW 0.0880 correlation W 0.1713 ρW 0.5417

Source: author.
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4 Solving the linear rational expectations model: baseline and

extended version

4.1 Baseline solution

For the sake of completeness and transparency of presentation, in this Subsection, we present the

method of Klein (2000) to establish notation and lay ground for analogies. For future reference, we

also indicate the points in the algorithm that will need to be changed when the assumption of parameter

constancy will be relaxed.

The model composed of log-linearised equations including the Taylor rule in variant (14) can be cast

into the following matrix form:

AEtxt+1 = Bxt + Cft, (22)

whereby xt contains all the log-deviations of model variables from the steady state, ft � vector of

shocks, A, B, C � constant matrices of model parameters.

The solution of a dynamic linear model with rational expectations written as (22) is a transformation

of (22) into a recursive law of motion (see Blanchard and Kahn, 1980; Uhlig, 1999; Klein, 2000; Sims,

2001):

xt = Mxt−1 + Nft. (23)

Klein (2000) applies to matrices A and B in (22) a complex generalized Schur decomposition. It

produces matrices Q, Z, S and T such that

QAZ = S

QBZ = T
, (24)

whereby S and T � upper triangular matrices, Q and Z � unitary matrices (QQH = QHQ = ZZH =

ZHZ = I).3 Without loss of generality, suppose that xt is partitioned into x1,t containing variables

predetermined at t and x2,t containing variables non-predetermined at t.

Klein (2000) de�nes the following substitution:
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x̃t = ZHxt . (25)

Given (25) and after conformable partitioning of the matrices, we can express (22) as

 S11 S12

0 S22

Et
 x̃1,t+1

x̃2,t+1

 =

 T11 T12

0 T22


 x̃1,t

x̃2,t

+

 Q1

Q2

Cft. (26)

Upper-triangularity of S and T has decoupled the lower portion of the rede�ned vector x̃t, which can

be solved out of (26) as follows:

x̃2,t = T−122 S22Etx̃2,t+1 −T−122 Q2Cft. (27)

Iterating (27) forward and using the law of iterated expectations (see Ljungqvist and Sargent, 2004),

we express x̃2,t as the following in�nite sum:

x̃2,t = lim
k→∞

(
T−122 S22

)k
Etx̃2,t+1 −T−122

[ ∞∑
k=0

(
S22T−122

)k
Q2CEtft+k

]
. (28)

Note that the forward iteration of (27) to (28) exploits the assumption parameter constancy.

According to Proposition 1 by Blanchard and Kahn (1980), there exists a unique solution if the number

of explosive eigenvalues (i.e. lying outside the unit circle) equals the number of non-predetermined

variables. If this applied to the generalized eigenvalues of A and B, all of the eigenvalues concentrated

in the block (2,2) would be explosive and hence the in�nite sum would exist and the limit would

converge to zero.

Another condition formulated by Blanchard and Kahn (1980) is that the exogenous variables in ft do

not �explode too fast� in expectations:

∀t ∃f̄t ∈ Rk, θt ∈ R ∀i ≥ 0 − (1 + i)
θt f̄t ≤ E (ft+i) ≤ (1 + i)

θt f̄t. (29)

In rational expectations models, autoregressive shocks are commonly assumed (as we do in (21) ), so

let us de�ne a VAR representation:

ft = Φft−1 + εt. (30)
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with Etεt+k = 0, k = 1, 2, .... Stationarity of this process, i.e. nonexplosive eigenvalues of Φ, allow us

to calculate (31). As Etft+k = Φkft given (30), we can rewrite (31) as

x̃2,t = −T−122

 ∞∑
k=0

S22T−122︸ ︷︷ ︸
F

k

Q2C︸ ︷︷ ︸
G

Φ︸︷︷︸
H

k

 ft = −T−122 Lft. (31)

Following Klein (2000), we calculate the elements of L using the vectorization operator:4

vec (L) =
[
I−HT ⊗ F

]−1
vec (G) . (32)

We use the solution for the unstable component, (31), in the upper portion of (26):

S11Etx̃1,t+1 − S12T−122 LΦft = T11x̃1,t −T12T−122 Lft + Q1Cft. (33)

Rewriting (25) with the standard partitioning and using (31), we obtain::

 x1,t

x2,t

 =

 Z11 Z12

Z21 Z22


 x̃1,t

−T−122 Lft

 . (34)

This allows us to express x̃1,t in terms of x1,t:

x̃1,t = Z−111 x1,t + Z−111 Z12T−122 Lft. (35)

Using (35) in (36) and the predeterminacy of x1,t+1 at t, i.e. x1,t+1 = Etx1,t+1, we obtain:

x1,t+1 = Z11S−111 T11Z−111 x1,t+
[
Z11S−111

(
T11Z−111 Z12 −T12

)
T−122 L−

(
Z12 − Z11S−111 S12

)
T−122 LΦ + Z11S−111 Q1C

]
ft.

(36)

Turning to x2,t, it can be expressed in terms of x1,t and ft using (34) and (35):

x2,t = Z21Z−111 x1,t +
(
Z21Z−111 Z12 − Z22

)
T−122 Lft. (37)

Equations (36) and (37) are the solution of the model (22).
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4.2 Extended solution: model with �nite-cycle time-varying parameters

The time-varing Taylor rule (20) requires solving a model like (22), but with time-varying parameters5:

A(t)Et (xt+1) = B(t)xt + C(t)ft. (38)

It is useless to start with a single generalized Schur decomposition because the factor matrices we

would obtain inherit the nonconstancy and parameter matrices for xt and Et (xt+1) would not be

upper triangular as we need.6 Instead, we exploit the assumption that A(t) and B(t) vary in time,

but the values recur after m periods, i.e. A(t+j) = A(t+j+i·m) and B(t+j) = B(t+j+i·m) for each

j = 0, 1, ...,m− 1 and each i ∈ N. Let us �rst factorize the matrices A(t) and B(t) for each period in

the cycle using a sequence of generalized complex Schur decompositions:

Q(t)A(t)Z(t) = S(t)

Q(t)B(t)Z(t) = T(t)

, (39)

with S,T,Q and Z bearing the same properties as their counterparts in the standard case (Subsection

4.1). For the decomposition to be unique, we impose a restriction that diagonal elements of S and

T are ordered in such a way that generalized eigenvalues of A and B (equal
Si,i
Ti,i

) ascend with rising

index i.

Using (24) we can rewrite (38) for each t as:

S(t)Z
H
(t)Etxt+1 = T(t)Z

H
(t)xt + Q(t)C(t)ft. (40)

Let us write the equation for t, t+ 1, ..., t+m− 1 and solve each of them for x:

xt = Z(t)T
−1
(t)S(t)Z

H
(t)Et (xt+1)− Z(t)T

−1
(t)Q(t)C(t)ft

xt+1 = Z(t+1)T
−1
(t+1)S(t+1)Z

H
(t+1)Et+1 (xt+2)− Z(t+1)T

−1
(t+1)Q(t+1)C(t+1)ft+1

...

xt+m−1 = Z(t+m−1)T
−1
(t+m−1)S(t+m−1)Z

H
(t+m−1)Et+m−1 (xt+m) +

−Z(t+m−1)T
−1
(t+m−1)Q(t+m−1)C(t+m−1)ft+m−1

. (41)

A bottom-up sequence of substitutions and the law of iterated expectations allow us to write an

equation for xt:
7
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xt =

[
m−1∏
i=0

Z(t+i)T
−1
(t+i)S(t+i)Z

H
(t+i)

]
︸ ︷︷ ︸

D(t)

Et (xt+m)+

−

{[
m−1∑
k=1

(
k∏

l=1

Z(t+l−1)T
−1
(t+l−1)S(t+l−1)Z

H
(t+l−1)

)
Z(t+k)T

−1
(t+k)Q(t+k)C(t+k)Etft+k

]
+ Z(t)T

−1
(t) Q(t)C(t)ft

}
︸ ︷︷ ︸

Σm−1
k=0

Rk(t)Etft+k

.

(42)

Note that at this point we assume that economic agents trust in the new system's sustainability and

know the sequence of countries' rotation.

Once again, we perform a complex generalized Schur decomposition of D(t) and I (as the parameter

matrix for xt):

Q(t)D(t)Z(t) = S(t)

Q(t)IZ(t) = T(t)

, (43)

with the usual restriction on ordering generalized eigenvalues. Let us de�ne an auxiliary variable:

x̃t = ZH(t)xt . (44)

In line with the conventional treatment in the literature, let xt be ordered in such a way that the �rst

partition (x1,t) contains variables predetermined at t. Analogous partitioning of x̃t, substitution of

(43) and (25) into (42), premultiplication by Q(t) and conformable partitioning of S(t), T(t) and Q(t)

yield:

 S11(t) S12(t)

0 S22(t)

Et
 x̃1,t+m

x̃2,t+m

 =

 T11(t) T12(t)

0 T22(t)


 x̃1,t

x̃2,t

+

 Q1(t)

Q2(t)

(Σm−1k=0 Rk(t)Etft+k
)
.

(45)

Following Klein (2000), we solve the lower, decoupled row of (26) for x̃2,t:

x̃2,t = T−122(t)S22(t)Etx̃2(t),t+m −T−122(t)Q2(t)

(
Σm−1k=0 Rk(t)Etft+k

)
. (46)

The �nite cycle of length m, in which the parameters of A(t) and B(t) recur, implies D(t) = D(t+m)
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and Rk(t) = Rk(t+m) for each k. We can therefore shift (42) m periods forward without changing the

parameters:

xt+m = D(t)Et+m (xt+2m) + Σm−1k=0 Rk(t)Et+mft+m+k. (47)

Matrices Q, Z, S and T, resulting from the Schur decomposition of both matrices of interest in the

above system, will equal those obtained in (43). Then, we can shift (27) by any multiple of m without

changing the parameters:

x̃2,t+m = T−122(t)S22(t)Et+mx̃2,t+2m −T−122(t)Q2(t)

(
Σm−1k=0 Rk(t)Et+mft+m+k

)
x̃2,t+2m = T−122(t)S22(t)Et+2mx̃2,t+4m −T−122(t)Q2(t)

(
Σm−1k=0 Rk(t)Et+2mft+2m+k

)
...

. (48)

As in (??), a sequence of substitutions in (27) and (48) and iterating expectations allow us to express

x̃2,t as an in�nite sum:

x̃2,t = −
+∞∑
i=0

{(
T−122(t)S22(t)

)i
T−122(t)Q2(t)

(
Σm−1k=0 Rk(t)Etft+i·m+k

)}
. (49)

At this point, we need to know the expected path of future random disturbances, conditional on the

information that agents have at t.8 Like in Subsection (4.1), we proceed with an autoregressive error

term (30).

With Etεt+k = 0, k = 1, 2, ..., we can write the in�nite sum (49) as

x̃2,t = −
+∞∑
i=0

[(
T−122(t)S22(t)

)i
T−122(t)Q2(t)

(
Σm−1k=0 Rk(t)Φ

i·m+kft

)]
=

= −
+∞∑
i=0


T−122(t)S22(t)︸ ︷︷ ︸

F(t)


i

T−122(t)Q2(t)

(
Σm−1k=0 Rk(t)Φ

k
)

︸ ︷︷ ︸
G(t)

·

Φm︸︷︷︸
H(t)

i
 ft =

= −L(t)ft.

(50)

Using (51) again, we calculate the elements of L(t) by means of the vectorization operator:

vec
(
L(t)

)
=
[
I−HT

(t) ⊗ F(t)

]−1
vec

(
G(t)

)
. (51)

The existence of the in�nite sum stems from (i) ful�lled assumptions of the Blanchard-Kahn theorem
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(exactly all unstable generalized eigenvalues of A and B concentrated in the partition (2,2) of matrices

S and T) as well as (ii) stability of the process (30) (eigenvalues of Φ lower than 1 in absolute terms).

Substitute (50) into (25) after premultiplication by Z(t) and conformable partitioning:

 x1,t

x2,t

 =

 Z11(t) Z12(t)

Z21(t) Z22(t)


 x̃1,t

−L(t)ft

 . (52)

After solving out x̃1,t from (34), we obtain a linear relationship linking x1,t, x2,t and ft:

x2,t = Z21(t)Z
−1
11(t)x1,t +

(
Z21(t)Z

−1
11(t)Z12(t) − Z22(t)

)
L(t)ft. (53)

We exploit the predeterminacy of x1,t to get:

Et (xt+1) = Et

 x1,t+1

x2,t+1

 =

=

 x1,t+1

Z21(t+1)Z
−1
11(t+1)x1,t+1 +

(
Z21(t+1)Z

−1
11(t+1)Z12(t+1) − Z22(t+1)

)
L(t+1)Etft+1︸ ︷︷ ︸

Φft

 =

=

 I

Z21(t+1)Z
−1
11(t+1)

x1,t+1 +

 0(
Z21(t+1)Z

−1
11(t+1)Z12(t+1) − Z22(t+1)

)
L(t+1)Φ

 ft.

(54)

Using (53), we can also replace x2,t in xt:

xt =

 x1,t

x2,t

 =

 x1,t

Z21(t)Z
−1
11(t)x1,t +

(
Z21(t)Z

−1
11(t)Z12(t) − Z22(t)

)
L(t)ft

 =

=

 I

Z21(t)Z
−1
11(t)

x1,t +

 0(
Z21(t)Z

−1
11(t)Z12(t) − Z22(t)

)
L(t)

 ft.

(55)

In the example considered here, the vector of predetermined variables x1,t contains lags of all elements

in x2,t. Accordingly, some rows in A(t), B(t) and C(t) were trivial identities de�ning the equivalence

between some elements of x1,t+1 and x2,t. With the relation between x1,t and x2,t in hand, we can
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drop these rows and denote the remaining matrices as A(t), B(t) and C(t). Rewrite (38) without these

rows, using (54) and (55):

A(t)

 I

Z21(t+1)Z
−1
11(t+1)

x1,t+1 + A(t)

 0(
Z21(t+1)Z

−1
11(t+1)Z12(t+1) − Z22(t+1)

)
L(t+1)Φ

 ft =

= B(t)

 I

Z21(t)Z
−1
11(t)

x1,t + B(t)

 0(
Z21(t)Z

−1
11(t)Z12(t) − Z22(t)

)
L(t)

 ft + Cft.

(56)

The solution of (56) with respect to x1,t+1 is the searched law of motion of the form (23):

x1,t+1 =

A(t)

 I

Z21(t+1)Z
−1
11(t+1)




−1

B(t)

 I

Z21(t)Z
−1
11(t)

x1,t+

+

A(t)

 I

Z21(t+1)Z
−1
11(t+1)




−1

·

·

C + B(t)

 0(
Z21(t)Z

−1
11(t)Z12(t) − Z22(t)

)
L(t)

− A(t)

 0(
Z21(t+1)Z

−1
11(t+1)Z12(t+1) − Z22(t+1)

)
L(t+1)Φ


 ft.

(57)

5 Simulation results

The model developed in Section 3 and solved with method described in Subsection 4.2 was subsequently

used to simulate the impact of rotation in the ECB Governing Council on macroeconomic volatility.

To focus the attention, homogeneity of monetary union members with respect to parameter values

from Table 2 was initially assumed (and subsequently relaxed in the sensitivity analysis).

We consider various simulation scenarios that di�er in the following dimensions:

1. Rotation frequency: quarterly (rotation in every period), semi-annual (rotation every two

periods) and annual (rotation every four periods).

2. Home bias: hb = 0, 0.1, 0.2, 0.3, 0.4 and 0.5. The parameter hb is additionally downward-scaled

by a factor of 19
25 corresponding to the presence of the ECB Executive Board in the ECB Governing

Council. The Board is, by assumption, not home-biased.
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Table 3: Simulation scenarios for rotation in ECB Governing Council

Scenario Baseline Alternative I Alternative II

country # 1 2 3 4 1 2 3 4 1 2 3 4 5 6

1 1 0 0 1 0 1 0 1 1 0 1 1 0 0

2 1 1 0 0 1 0 1 0 1 1 0 0 1 0

3 0 1 1 0 1 0 1 0 0 1 1 0 0 1

4 0 0 1 1 1 1 0 0

5 1 1 0 0

% voting 50 50 50 50 80 60 40 20 66,(6) 66,(6) 66,(6) 33,(3) 33,(3) 33,(3)

Source: author.

3. Asymmetries in size: in the baseline scenario, the monetary union is composed of 4

equally-sized economies, in the �rst alternative scenario � the sizes are: w1 = 0.4, w2 = 0.3,

w3 = 0.2 and w4 = 0.1.9

4. Potential mismatch between voting frequency and size of the economy. In the baseline

scenario, there is no mismatch, as two (out of four) representatives of equally-sized countries are

entitled to vote in 50% of meetings. The �rst alternative scenario also envisages no mismatch:

the country with weight 0.4 participates in 80% of votes, the following ones: in 60%, 40% and

20% respectively (see Table 3). However, in the second alternative scenario, the monetary union

is composed of 6 countries weighted 7
27 ,

6
27

(
= 2

9

)
, 5

27 ,
4
27

(
= 1

9

)
and 3

27 . These countries were

segmented into 2 rotation groups: �rst three (represented by 2 voters) and last three (represented

by 1 voter). The �rst group members hence participate in 2
3 of votes, the second in1

3 of

votes. When country sizes are taken into account, it is easy to notice that country 1 and 4

are under-represented, and countries 3 and 6 � over-represented in terms of voting frequency.

For each variant of simulations, a path of 10000 observations was generated. To test the statistical

signi�cance of variance di�erentials, the exercise was repeated 100 times. To isolate the e�ect of

rotation in the Council, tables 4-8 contain the variance of individual model variables rescaled in such

a way that the case of hb = 0 equals 100.

The simulations in the baseline scenario of equally sized economies (see Table 4 and Figure 1) con�rm

the intuition that introducing the rotation into the Council increases the volatility of macroeconomic

variables when coupled with home-biased preferences of policymakers. With hb = 0.5 and semi-annual

rotation, the variance of output grows by 0.08% in the tradable sector and much more, by 0.65%, in

the nontradable sector. The analogous growth for in�ation rates is 0.02% and 0.015%. Volatility of

consumption grows by 0.5%, while volatility of the real wages � by 0.1%.
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Table 4: Rotation in ECB Governing Council: variance of individual variables (the case of hb = 0
equals 100)

rw� real wages (wt − pt). Di�erences between a given variant and the case of hb = 0 may be signi�cant at 1% (***),
5% (**) or 10% (*) level.
Source: author.

The variance grows monotonically with increasing hb. This dependence is nonlinear: incrementing hb

by 0.1 from 0 leads to higher increments of variance in subsequent steps, for all variables and rotation

frequencies (see Figure 1). In some cases, under low hb, the di�erence in variance as compared to

hb = 0 turned out to be statistically insigni�cant.

Under less frequent rotation (e.g. annual), the variance of all variables grows more than under less

frequent rotation. This is related to interest rates smoothing in the Taylor rule which prevents

home-biased policymakers from pushing the nominal interest rate towards the level preferred by their

country of origin because they do not have su�cient time if they rotate more often. This e�ect has

heterogeneous impact on individual variables: less frequent rotation boosts the volatility of in�ation

rates and real wages to a higher extent, but the volatility of consumption and output � to a lower

extent.

While qualitatively unsurprising, these results may be viewed as very limited on the quantitative level.

For hb = 0.5, the growth in variance did not exceed 1% for any variable or simulation scenario.

Under diversi�ed sizes of monetary union members (�rst alternative scenario), the above results were

in fact replicated (see Table 5). The di�erences in increase of variances between hb = 0.5 and hb = 0

mostly did not exceed 0.1 percentage point.
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Table 5: Rotation in ECB Governing Council: variance for di�erent home bias (hb) as a function of
economy size (the case of hb = 0 equals 100)

Di�erences between a given variant and the case of hb = 0 may be signi�cant at 1% (***), 5% (**) or 10% (*) level.
Source: author.
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Figure 1: Rotation in ECB Governing Council: variance of yH and yN for various rotation frequencies
and home bias (hb)

Source: author.

This result, at �rst glance, could be surprising: increasing hb leads to increasing the �t of common

monetary policy to the needs of the smallest economies in an over-proportionate manner. However,

a di�erent e�ect has turned out to dominate: growing hb increases the macroeconomic volatility in

the other, larger economies. This volatility is automatically imported into smaller economies via real

exchange rate volatility and trade linkages. It can be concluded that in an integrated group of open

economies, the monetary stability of the entire area should be rationally preferred to home-biased

attitude by policymakers from small economies. Hence, the argument about the 're-nationalisation' of

ECB policy may not be appropriate.

The simulations in the second alternative scenario, in turn, demonstrate that a mismatch between

voting frequency and economy size has a substantial impact on macroeconomic volatilities (see Tables

6-8 and Figure 2). In the group of over-proportionately frequent voters (such as countries 3 and

6), growing hb decreases the variance of output, tradable in�ation, consumption and real wages. The

opposite is the case in countries 1 and 4, i.e. under-proportionately frequent voters. The only exception

is the decrease in non-tradable in�ation rates (very limited in countries 1 and 4, and stronger in

countries 3 and 6), though at the cost of a higher volatility in output. It is noteworthy that under one

country � one vote principle without rotation (i.e. prior to 2015), the degree of mismatch was even

greater, and hence from this perspective the reform can be viewed as a step in the right direction.
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More e�cient stabilisation of economies 3 and 6 spills over to economies 2 and 5 that, under moderate

home bias, exhibit lower volatility (although their policymakers vote at an adequate frequency).

However, under strong home bias, this positive e�ect is dominated by negative e�ect of destabilising

economies 1 and 4. This nonlinearity is best visible for annual rotation scheme in the case of tradable

in�ation, consumption, real wages and nontradable output in countries 2 and 5.

The results discussed above have been subject to sensitivity test with respect to various dimensions

of country heterogeneity. In a monetary union of 4 equally sized countries and semi-annual rotation

frequency in monetary policy council, the following aspects a�ected the results:

• share of the nontradable sector. In countries with higher κ, the growth of hb leads to a

higher increase in variance. The higher shares of nontradables, the less e�cient market-based

adjustment mechanisms in the monetary union after asymmetric shocks. This is why growing

ine�ciency in monetary policy appears to be more detrimental to economic stability.

• market rigidities. Higher Calvo probabilities lead to stronger growth in volatilities under

growing hb, especially in the case of output. E�cient monetary policy is more useful in the

presence of nominal rigidities, and consequently the noise component introduced into the Taylor

rule may be more disturbing in such a case.

• inertia of shocks. The patterns depend on the type of shock. Serial correlation of demand

shocks remains neutral for the e�ects. For most of the supply shocks (and variables), high

persistence implies more predictable policy actions that can be smoothed out becasue rotations

are anticipated. Consequently, with higher serial correlations, the impact of growing hb on

macroeconomic volatility decreases.

• households' discount factor. In the economies characterised by higher β, growing hb boosts

the macroeconomic volatility to a highest extent.

Intuitively, the results are also sensitive to the parameters of the Taylor rule. Stronger smoothing, γρ,

dampens the e�ects of growing hb. In turn, growing values of γπ and γy (increasing monetary policy

activity) clearly increase the macroeconomic volatility (especially in terms of output).

Two disclaimers should be provided at this point. Firstly, the simulations were focused on cyclical

rather than structural divergencies. If, for example, a group of countries characterised by a higher

natural interest rate (say, East) was interested in setting systematically higher nominal nominal interest
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Table 6: Variable volatilities under mismatch between voting frequency and economy size (1)

Di�erences between a given variant and the case of hb = 0 may be signi�cant at 1% (***), 5% (**) or 10% (*) level.
Source: author.
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Table 7: Variable volatilities under mismatch between voting frequency and economy size (2)

Di�erences between a given variant and the case of hb = 0 may be signi�cant at 1% (***), 5% (**) or 10% (*) level.
Source: author.
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Table 8: Variable volatilities under mismatch between voting frequency and economy size (3)

Di�erences between a given variant and the case of hb = 0 may be signi�cant at 1% (***), 5% (**) or 10% (*) level.
Source: author.

28



Figure 2: Variable volatilities under mismatch between voting frequency and economy size (at biannual
rotation frequency)

(a) variance of tradable output

(b) variance of nontradable output

The two numbers in legend denote: economy size and the fraction of time with the voting right.
Source: author.
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rates than the others (say, West), then the impact of growing hb on volatilities would grow substantially.

Secondly, it might be argued whether 18 is the optimum way to describe the aggregate preferences

(in particular, policy preferences of individual countries could vary in terms of γρ, γπ and γy). Both

questions could potentially be addressed in an optimum policy framework, which we leave for future

research.

6 Conclusions

This paper generalizes the analytical methods of solving linear rational expectations models to the case

of time-varying, nonstochastic parameters recurring in a �nite, prede�ned cycle. Such a speci�cation

emerged from the inclusion of rotational voting system in a monetary policy council combined with

regional bias in policymakers' preferences. A solution algorithm for DSGE model with rational

expectations is proposed and exempli�ed with the simulated impact of ECB voting reform (in force

since 2015). The conditions for existence of a unique solution correspond in a straightforward way to

the standard Blanchard-Kahn conditions.

These simulations con�rm the previous �ndings from the literature without DSGE modelling: the

introduction rotation in the ECB Governing Council coupled with home bias in interest rate decisions

taken by the members of the Council, increases the macroeconomic volatility in the monetary union.

The magnitude of this e�ect, however, remains limited: the increase in variance did not exceed 1% for

any variable or simulation scenario. A number of factors can, however, intensify this e�ect, i.a. low

frequency of rotation, mismatch between the size of economies and the frequency of voting, product

market rigidities and low inertia of supply shocks.

This paper contributes to the discussions on both policy and methodological levels. On the policy

level, our results call for searching the rotation schemes that provide the optimum mapping between

economic sizes and voting frequencies of individual countries, as well as more frequent rotation. We also

demonstrated that the ful�lment of optimum currency area criteria (such as high degree of openness

and integration) naturally eradicates the problem of home-biased, rotating policymakers. By assuming

rationality of agents in our analysis, however, we cannot be conclusive about such issues as transparency

and legitimacy of the new voting system.

On the methodological level, our contribution is � to the best of our knowledge � the �rst analysis

of the new voting system at the ECB performed with a DSGE model. Importantly, the proposed
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solution algorithm is not con�ned to the class of problems related to collective decision-making

in monetary unions or federalist currency areas. It can be applied to any DSGE analysis with

predetermined, time-varying cycle of parameters. The most prominent example that springs to mind

is the relatively simple, analytically elegant, but also numerically e�cient inclusion of seasonality

patterns into DSGE-based forecasts.

Worthwhile avenues of related future research include the extensions to (i) optimum policy framework

rather than the Taylor rule (to obtain a potentially more adequate description of home-biased individual

preferences and conduct a full welfare analysis), (ii) currency unions with heterogeneous natural interest

rates (e.g. due to ongoing convergence process), (iii) applications to more sophisitcated DSGE models

and (iv) numerical simulations for 19 euro area countries based on bilateral shock correlations and

adapted to all dimensions of cross-country heterogeneity. Building game-theoretical fundamentals (see

e.g. Sosnowska, 2013) is also an interesting direction.
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