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Abstract

We evaluate monetary policy which is conducted in a way that addresses fi-
nancial stability as an explicit monetary policy objective using a simple game
theoretic model analysing the strategic interaction between a central bank and
a financial sector. The extant literature in favour of “lean-against-the-wind”
(LATW) monetary policy calls for more flexibility and the use of longer pol-
icy-horizons. We, therefore, assess monetary policy under discretion and un-
der commitment to an instrument rule. Our analysis supports that rule-based
LATW monetary policy outperforms the discretionary equivalent, in terms of
controlling inflation, anchoring inflation expectations to the central bank’s in-
flation target and enhancing financial sector profitability. Under substantial
risks to financial stability, we conclude that rule-based LATW monetary pol-
icy induces the financial sector to impose more prudence on its operation.
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1. Introduction

During the severe financial crisis that initiated in August 2007, it has been ques-
tioned “how well central banks have discharged their twin duties as the guar-
dians of financial stability and as defenders of price stability” (7he Economist,
20" Oct. 2007, Special Report, p. 3). The debate, as articulated before the recent
financial crisis, has been on whether price stability was sufficient to foster finan-
cial stability, or whether a trade-off existed (at least in the medium-run). If the
latter were the case, it was questioned whether monetary policy should exercise
its influence in order to address asset price bubbles when they grow (before

forecasts to inflation were affected) or counter their effects after they unwind.
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The post-crisis alternative to the debate has been on “lean” versus “clean” mon-
etary policy. The latter calls for waiting for the bubble to burst and then take re-
medial action by aggressive monetary policy easing, while the former advocates a
discretionary gradual increase of the policy rate in order to prevent the accumu-
lation of financial imbalances.

In line with the above debate and refraining from arguing for or against a cer-
tain stance of monetary policy or the opposite, we address the second view as a
policy option and evaluate monetary policy when a central bank considers fi-
nancial stability as an explicit policy objective, yet replacing the output gap. The
analysis is counterfactual, in that it does not involve crisis management or crisis
resolution elements', and strives to give additional elements in the theoretical
underpinnings of a “lean-against-the-wind” (LATW) monetary policy.

Following the tradition that started with Barro and Gordon [1] [2], we repre-
sent the central bank and the financial sector as playing a monetary policy game,
yet in a context that accounts for the currently uncontested view (see e.g. Mish-
kin [3], p. 68 and references therein; Bernanke [4]; Jordan [5];) that price stabil-
ity promotes economic stability in the medium to long-run and, thus, not giving
rise to the presence of an inflation bias (at least not in the same fashion) and the
particular case of time-inconsistent monetary policy that arises from it. We ex-
amine monetary policy both under commitment to an instrument rule and un-
der discretion, motivated, principally, by the concluding remarks in Bordo and
Jeanne [6] that “financial stability presents a direct challenge to the rule para-
digm because it may require occasional deviations from simple rules, i.e. policies
that are sometimes based in a complex way on discretionary judgment”.

Our analysis, to our knowledge, contrary to the research preceding and fol-
lowing the financial crisis, supports rule-based LATW monetary policy. This
paper concludes that when a central bank addresses financial stability as a main
and systematic component of its decision making process, namely as an explicit
monetary policy objective, then policy yields better results in terms of control-
ling inflation, anchoring inflation expectations and imposing more prudence to
the operation of the financial sector when conducted under commitment to a
rule. We, therefore, contend that the contribution to policy analysis is twofold,
namely, in terms of the method used and in terms of the results proposed.

The organization of the paper is as follows: the next Section 2 presents the
method used in the analysis. Section 3 describes the model and section 4 the
outcomes that arise in equilibrium which are followed by a discussion in Section
5. Section 6 states the implications of our analysis for monetary policy-making

and Section 7 is the conclusion.

2. Literature Review

The pre-crisis conventional view accepted that asset price misalignments are dif-

ficult to recognize, the policy rate is an ineffective instrument to contain asset

'See e.g. Caruana [7] for an elaboration on the challenges posed to monetary policymakers during
these two distinct phases after the financial bust.
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price movements and that central banks should act just against the adverse con-
sequences of a bubble unwinding (see e.g. Greenspan [8]; Bernanke and Gertler
[9]; Bean [10]; for a review see Mishkin [3]). The opposite view pinned down the
asymmetric nature of the costs of policy errors and advocated the merits of the
so-called “pre-emptive” monetary policy conducted as financial imbalances ac-
cumulate with the aim to forestall the potential adverse consequences in the af-
termath of a crisis, especially since low and stable inflation is thought to mask
threats to the economy that make the financial system more vulnerable and
which cannot be captured by an output gap measure (as seems to have been the
case during the Great Moderation years) (for early accounts see e.g. Goodhart
[11]; Kent and Lowe [12]; Shiratsuka [13], [14]; Cecchetti et al. [15]; Borio and
Lowe [16]; Bordo and Jeanne [6]; White [17]; and for a review of the debate see
Kokores [18])%

For the debate to hold it is essential that the risks to financial stability inherent
in the financial system and the perceived trade-offs are substantial. However, as
Borio and Lowe [16] remark: “perceived trade-offs are themselves to a signifi-
cant degree a function of what we think we know about the workings of the
economy and the role of policy, ... [this] determines views about the conse-
quences of actions and of failures to act by the central bank, [and] such views
change over time, in the light of evolving circumstances” (Borio and Lowe [16],
p- 26). The recent severe financial crisis and the consequent Great Recession are
stark examples of such shift in attitude.

Recently, research has focused on the inclusion of financial frictions in New
Keynesian Dynamic Stochastic General Equilibrium models (which constitute
equilibrium macroeconomic models built on real-business-cycle foundations
augmented with nominal rigidities) in order to integrate realistic characteriza-
tions of financial instability and evaluate monetary policy stances addressing
systemic risk (see e.g. Curdia and Woodford [19], [20]; He and Krishnamurthy
[21]; Aoki and Nikolov [22]; Goodhart et al. [23]; Brunnermeier and Sannikov
[24]; Gambacorta and Signoretti [25]).

Thus, the debate has recently been on “lean” versus “clean” monetary policy.
The post-crisis alternative to the aforementioned conventional view calls for
waiting for the bubble to burst and then take remedial action (“clean up”) in ag-
gressive monetary policy easing in order to provide support to the financial sec-
tor and the economy. The drawback in such an approach to monetary policy is
that it may create moral hazard and promote excessive risk-taking in the future
(during financial boom phases), which in turn may stir a credit-driven bubble’.
Proponents of this view tend to draw a clear distinction between the effective-

ness and efficiency of monetary policy as a way to address financial instability

“See also e.g. Goodhart et al [26] [27] for an early account of models of financial fragility and its ef-
fect on monetary policy and Kasselaki and Tagalakis [28] for an evaluation of the degree of financial
fragility and policymakers’ risks to financial stability calling for proactive action and cooperation
between all relevant authorities.

*See e.g. Mishkin [3] 96-98, for a distinction between two types of bubbles and their relevance for
monetary policy with respect to the threats they pose to the economy.
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and the respective merits of micro and especially macroprudential policies®.

The alternative approach draws upon the “speed and flexibility with which
monetary policy can be employed [that] has made it the primary policy for ma-
croeconomic stabilization” (Fawley and Neely [29], p. 95) and it assesses wheth-
er a central bank should “lean against the wind”, by raising in a discretionary
gradual manner the policy rate in order to prevent the accumulation of financial
imbalances and, thus, maintain price stability over the medium to long term,
accepting, though, possibly increased consumer price volatility in the short to
medium term.

The literature in favour of monetary policy under risks to financial stability
puts forward the conclusion that the monetary authorities should exercise their
policy with more flexibility and over longer policy horizons. Kent and Lowe [12]
give an early theoretical justification of the argument that such a policy should
be executed over longer-policy horizons and Farooq Akram et a/ [30], in a con-
text similar to Barrett ef a/ [31] in assuming that a central bank has an explicit
financial stability objective in a flexible inflation-targeting regime, give empirical
support of the view that financial stability concerns of the monetary policy au-
thorities warrant a longer target horizon for inflation. Barrett et al [32] demon-
strate that a central bank which has an explicit financial stability concern, con-
ducts discretionary monetary policy and interacts with a financial sector that has
incomplete information over the central bank’s preferences, for large shocks to
inflation (positive or negative) is willing to exercise more muted control to infla-
tion in order to reinforce the safety of the financial sector.

Our analysis, to our knowledge contrary to the research preceding and fol-
lowing the financial crisis, concludes that rule based LATW monetary policy
outperforms the discretionary equivalent. Our analysis suggests that LATW
monetary policy yields better results in terms of controlling inflation, anchoring
inflation expectations and imposing more prudence to the operation of the fi-

nancial sector when conducted under commitment to a rule.

3. Methodology

A non-cooperative game is played between a central bank, B, and a financial
sector, S. S chooses a level for the long-term nominal interest rate, R, perceived
as the price of a main representative product offered by the financial sector
(namely loans issued to the real sector). The financial sector is modelled as “one
agent” that represents the consolidation of the financial intermediaries, which
operate in purely competitive markets. Such a seemingly strong assumption is
justified by the fact that strong competition between financial-market partici-
pants makes the “leaders” in the markets (for example financial firms with con-
siderably high levels of capitalisation) not prone to maintain their identity as
price-makers (with respect to the pricing of financial assets) over a long horizon

(the collapse of Lehman Brothers in 2008 being the most blunt example). The

“For an analysis on the importance of co-operation between the central bank and the macropruden-
tial authorities see e.g. Borio [33], Angelini et al [34].
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increasingly rapid dissemination of information in addition to the speed charac-
terising financial transactions makes it considerably difficult for financial firms
to maintain competitive advantages (which are known to give the ability to a
firm to act as a price-maker) at least without an incessant effort of differentiation
in the product offered. A second reason is that financial markets have proven to
act almost in unison at times of turbulence. Therefore, a crisis’ intensely rapid
contamination of financial-market participants can give credence to our view of
the financial sector as acting under pure competition®.

S aims at guaranteeing its survival and increasing profits. B controls inflation
by choosing the degree of accommodation of the shocks to inflation, which is
termed as x. Therefore, the choice variable of B is x. The central bank, B, is as-
sumed to be independent and solely responsible for monetary policy. The in-
strument it uses is assumed to be a short-term nominal interest rate, which can
be described in terms of x. In the interbank-funds market the central bank is es-
sentially a price-maker, and while financial firms resort to this market in order
to satisfy their demand for liquidity, the central bank’s policy choice influences
the behaviour of the financial sector.

The information that each player faces is complete, in that the full description
of the game is common knowledge and perfect, in that when each player has to
make a move they know exactly what happened in previous moves. The game is
sequential. S makes the first move, then, B moves second and ends the game.
Play in a sequence of moves arises from the presence of a second-player advan-
tage, namely B’s control over inflation.

Modelling the strategic interaction between the monetary policymaker and the
financial sector, the initial disseminator of the monetary impulses to the real
sector, is thought to encompass the non-linearity issues of financial fragility that

are raised e.g. by Brunnermeier and Sannikov [35] and Mishkin [3].

4. The Model
4.1. The Economy

A simplified structure of the economy is modelled through the following three

equations:
m =Bz +6-% forg ~iidN(0,07) (1)
R-r
X = . B>1 (2)
B
i, =1 +7,. 3)

Equation (1) describes inflation as a linear function of the financial sector’s

inflation expectations, E7, an inflation shock, & that follows a white noise pro-

Federal Reserve Bank of Cleveland President and CEO Loretta J. Mester in recent remarks rein-
forces the argument of our modelling the financial sector as purely competitive by stating: “... Ironi-
cally, we will have a more stable financial system if we build a system that allows insolvent institu-
tions to fail, and less regulatory intervention to prevent closure of these firms. An effective resolution
method will give managers and creditors the incentive to monitor the risks that their institution is
taking to avoid losses” (Mester [36], p. 3).
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cess and the level of inflation shock accommodation, x, that is achieved through
monetary policy. In the absence of a shock (i.e. the absence of new information)
and for a monetary stance that is “neutral”, prices are raised in line with infla-
tion expectations. By taking expectations in Equation (1) we obtain:

Ex=0, (4)

where £'is the expectations operator. This result shows that on average monetary
policy is just neutral. Equation (2) captures the transmission of the effect of
monetary policy to the real short-term interest rate, r, where r can be thought of
as the “natural” real rate of interest (as in e.g. Woodford [37], pp. 49-55) and S
as an inverse measure of how effectively the real short-term rate of interest, r,
controls inflation. To specify how the short-term rate of interest, /, determines

monetary stance, assume:

x=F(r) (0<F'<1) (5)

The restriction on F' means first, rand 7 are inversely related and second,
in order to raise r and lower 7 it is necessary to raise Z It is supposed that the
transmission mechanism from 7to 7 is via r and its effect on the real economy.
Substituting (3) in (5) and (5) in (1) shows that, given £ Emrand g, the choice of i
determines 7, r and x. Therefore, in determining strategy, B could as equally set
a target for r; or for x, as choose the level of its instrument, i From (4), the cen-

tral bank’s monetary stance is on average neutral. Let
F(r)=0 (6)

If r> r, monetary policy is restrictive and, if r < 7, it is expansionary. Then
for simplicity we assume that x is as in (2). Equation (3) describes the (approx-
imately) one-for-one adjustment of nominal interest rate, j to the level of infla-

tion (in a steady state).

4.2. The Game-Structure

The strategic interaction takes place between £=0and t=1. At t=-1,Bsetsa
target for inflation, 7, with the aim to anchor S’s inflation expectations around
the target, and a target for the level of profitability of S, P, which is the level of P
that the central bank views as sufficient to guarantee S’s survival and proper
functioning, in terms of channeling funds from savings to investments. B also
defines and announces a positive level for a, the weight assigned on the financial
stability objective, denoting the preferences of the central bank for the stability
of the financial sector. The level of the short-term nominal interest rate that re-
sulted from past policy, Ze. iy, and the level of the “neutral” real interest rate r,
are, also, predetermined and known to both players at = —1, as well as the form
of the monetary policy rule, which is set and announced at t= —1. A level of S’s
profitability, Q, at which S finds the chances of bankruptcy of some firms in the
sector just acceptable, is known to both players at = —1. Since Qis modelled as
a function of the monetary policy reaction x; it is its functional form that is

known before the interaction takes place.
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At t= 0, B is confronted with two alternatives, namely (i) to commit to the
rule for monetary policy or (ii) to ignore the announced rule and, eventually, act
with discretion after a shock to inflation has been realized and observed. If B
commits to follow the rule, then it announces the corresponding x as a function
of the distribution of shocks to inflation & prior to S’s making a choice of R
Therefore, at ¢ = 0, B, first, sets x with respect to the rule and the anticipated
choice of Rby S, S forms its expectations for inflation Ex anticipating B’s beha-
viour and then at £= 0, S makes a choice of R. The crucial issue in the case of B’s
commitment to a rule is that B makes the announcement before S makes its
strategy-choice. At =1 after the realization of the shock to inflation & B applies
x of the level determined by the rule.

If, at £= 0, B chooses not to follow the rule and act with discretion, then after
the shock to inflation, ¢, is realized (sometime between points in time = 0 and ¢
= 1) it defines xat =1 on a discretionary basis (ie. by maximizing its objective
function in actual rather than expected terms). Defining x is equivalent to de-
fining r or 7 Furthermore, £ are determined with respect to equilibrium beha-
viour in each case and at =1 the actual level for ris realized.

At t =0, S determines R competitively by setting its expected profits EP to
equal Q. Therefore, R is a function of E7 and x. Under complete information, S
is informed about B’s behaviour, being either commitment to the announced
rule or not, when determining a level for R. Therefore, in essence we model two
games of complete information, one for B committing to a rule and another for
B acting with discretion. As both Exand x assume different levels under the two
forms of policy, thus affecting R, at £ =0 S is actually confronted with the choice
either to believe and anticipate the announced monetary policy rule, and choose
the competitive level of R (R), in one game, or not and choose the pertinent
competitive level of R (R)), in the other game.

We, further distinguish between two cases for B’s target for financial stability,
namely for P = Q and for P > Q. Since central banks care for the safety and
smooth functioning of the financial sector they tend to be either more prudent
than the financial system participants (the case for P> Q) or willing to let the
markets function at their own pace (the case for P = Q). Therefore, we do not
consider the case of B choosing P < Q.

Figure 1 gives a graphic representation of the sequence of events in our mod-
el.

A point in time ¢ = 2 is necessary for the definition of a long-rate that is
earned after two periods. Throughout the analysis where the subscript “d” de-
notes the outcomes in the first game I';, when B is acting with discretion, and “7”
the outcomes in the second game I',, when B is following a rule.

A compact description of game I', is as follows:

1) B expresses the preference to conduct monetary policy with discretion upon
receipt of new information at any time.
2) Emrare formed rationally.

3) S chooses R with respect to E7and discretionary monetary policy.

K2
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t=-1 t=0 t=1 t=2

—
Iy 7 Xrule € P
T,P,a Em Xdisc U
Q, ﬁ Rr’ Rd r, i

Rule for x T

Figure 1. The sequence of events. Notes: Box indicates actual strategic interaction in each
game (either under a rule or under discretion) taking place between points in time #=0
and ¢ = 1. All variables realized at £ = —1 are pre-determined and common knowledge.
Each column indicates the variables realized in the respective point in time. Namely, 7,
denotes the short-term nominal interest rate that resulted from past policy; 7 the level of
the “neutral’ real interest rate; 7 and P the central bank’s targets for inflation and finan-
cial sector’s sustainable level of profitability respectively; a is the central bank’s weight on
the financial stability objective; Q is the level of S’s profitability at which S finds the
chances of bankruptcy of some firms in the sector just acceptable; Bis an inverse measure
of how effectively the real short-term rate of interest, 7, controls inflation; x captures the
transmission of the effect of monetary policy to the real short-term interest rate and is the
central bank’s choice variable; x,,,. and x,,_are the outcomes for x in the game under a

T

rule and under discretion respectively; R is the level of the long rate that maximizes the
financial sector’s profitability (R, under a rule, and R, under discretion); 7 Exand & de-
note the level of inflation, inflation expectations and the shock to inflation respectively. P
is the financial sector’s profitability that is realized in the end a second period, ie. after
the long-rate is earned; U is the central bank’s utility function. Source: Adapted from
Barrett, Kokores and Sen [32].

4) B receives information about the choice made by S.
5) B observes the shock to inflation &.
6) B chooses x with respect to Rand Erm.
In turn, a compact description of game I', is as follows:
1) B commits to a certain kind of a rule for x.
2) Emrare formed rationally.
3) S chooses R with respect to Errand the monetary policy rule.
4) B receives information about the choice made by S.
5) B observes the shock to inflation &.

6) B chooses x with respect to Rand Er.

4.3. Objective Functions

R is competitively determined. Through competition expected profits of S are
driven down to a minimum level that makes the risk of non-survival just ac-
ceptable. The profitability of S is modelled in terms of a loan issued (to the real
sector) over a two-period horizon. The rate charged on this loan, R, constitutes
income earned on every period the loan is serviced. To finance the loan the fi-
nancial sector needs funds so as to meet its liquidity needs (or operating costs)
during each period of the loan. The charge on these funds each period, is the
per-period level of nominal short-term interest rate, 7. Competition among in-
vestment projects (affecting R), as well as in the interbank market (affecting 7, on
every period) will determine the profit “margin”. Let #, be the short-term rate of
interest at £= 0, and 7 the short-term rate of interest at #= 1°. Assume j, (but not

®For simplicity we exclude subscript 1 throughout the analysis.
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1) is known to S when S chooses the long-term rate of interest, R, at £= 0. At =

2, S obtains profits per unit of currency as:
P=(1+R)* —(L+i,)(1+i) (7)

Equation (7) is constructed using a simple compounding-interest formula. It
gives the spread between the income earned on 1 unit of currency after two pe-
riods and the income paid-out on 1 unit of currency over two consecutive pe-
riods. This margin is assumed to measure the operational profits of the financial
sector.

For the sake of simplicity, and because nothing essential is involved, the fol-

lowing linear approximation is used:

P=2R—i,—i. (8)

Taking expectations in (8), and using (1), (2), (3), (4) S’s expected profits can
be described as:

EP=2R-i,~Ei=2R—-i,—r -Ex. ©)

We assume that competition drives the expected value of profits as in (9) to a
minimum level, which we term @, at which all the firms operating in S can only
cover their operating costs. Qis the level of expected profits at which the market
finds the chances of a number of firms operating in S going bankrupt just ac-
ceptable. It is illustrative to view Q as a safety-net to the financial sector. If ex-
pected profits fall below this level then the number of financial firms that may go
bankrupt is high enough to create instability in the sector.

From (1), (2), and (3) we can describe (8) as follows:

P=2R-iy—r' —Ez—(f-1)x-¢. (10)

As is evident from (10), P varies with x and & Therefore, it is appropriate to
define a minimum level for expected profits in terms of the variability of 2.
Choosing from the measures of dispersion of a distribution of a random variable
over its population mean we contend that the standard deviation is the most
convenient one to use. The standard deviation in contrast especially to the va-
riance is a useful measure of spread of a distribution in part because it is ma-
thematically tractable.

Describing, thus, Q in terms of the variability of 7, we model it as a function
of the standard deviation of P. In detail, let o, denote the standard deviation
of P, the profits obtained by S, then

Q=ko, (k>0). (11)

Coefficient & in (11) describes any structural features of the financial sector
affecting its competitive level of profits, like administrative costs, psychological
factors, or the presence of economies of scale. Since by construction Qis positive,
aswell as o, kis assumed to be positive.

As the variability in S’s profits in this model stems from the monetary policy
reaction, x, and the shock to inflation, & letting “var” denote variance, we note,
from (1), (2), (3), (4) and (8), that:

K2
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var (P) =var(i)=var(r+z)=var[(B-1)x+¢]. (12)

We assume competition drives the expected value of Pto Qas in (11), so the

assumption is for:

EP=Q=ko, (k>0). (13)

Therefore, (13) determines the optimal level of R under competition, as a
function of i, r, Em, x, and &.
Turning to the objective function of the central bank, B, we define B as

choosing x’ by optimizing over the following utility function:
U=—(z-7") —a(P-P") (a>0), (14)

where 7 and P are targets for the rate of inflation and profits, respectively. The
central bank has two concerns: (i) the value of the currency and (ii) the stability
of the financial system.

The financial stability objective is defined in terms of the level of profits in the
financial sector (as in (8)) and a corresponding target faced by the central bank.
We take a low value for P (with reference to the target) to mean insolvency in
the financial sector, and too high a value to imply a “bubble” in asset prices,
namely the accommodation of speculative behaviour from certain financial sec-
tor participants in excess to the market fundamentals. As the financial sector is
modelled in aggregate terms, the former is not desired as too low a value of P
could even imply a collapse of the financial system, namely that a considerably
high number of financial firms would seize operation. On the other hand, nei-
ther the latter is desired since the level of P that is justified by fundamentals is
the one set as the target. The higher the level of P above its target the more a
bubble would be accommodated causing strains in the economy and, thus, in-
creasing the likelihood of acute economy-wide instability after the bubble col-
lapses.

Replacing the traditional output gap objective by a financial stability objective
is justified by the skepticism expressed about the inclusion of an output gap
measure in a central bank’s objective function. Meltzer [38], for example, claims
that “using the output gap as an objective of the central bank is problematic”
since, primarily it can “arise for reasons unrelated to monetary policy actions,
for example, an oil shock, reductions in employment and output resulting from
provisions of the welfare state, or other real events”. He also contends that the
way to overcome this problem as proposed by McCallum [39], namely to rede-
fine the natural rate so as to take account of non-monetary effects, can be done
in principle, but is difficult to do accurately in practice (Meltzer [38], p. 122).
The difficulty of the precise measurement and the lack of agreement on the value
of the natural rate of output and the related problems posed to policymakers
have been stressed, among others, by McCallum [39], Orphanides [40], Orpha-

"We work through the model using x as B’s choice variable. Even though the use of r or 7 instead
could have been equivalent, it is deemed rather inappropriate because the actual strategic action of a
central bank is the “level” of control over inflation, while changes in the policy rate as a lever on an
array of interest rates are the workings of the instrument employed.
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nides and Williams [41] and FRB of Cleveland ed. [42].

In addition, while Jordan [5] claims that real rapid growth and low unem-
ployment cannot cause inflation and that there is no trade-off between inflation
and employment, Bernanke [4] and Poole [43] claim that price stability supports
both strong growth and stability in output and employment not only in the
long-run, but also in the short run. Meltzer [38] further points out that central
banks aiming mainly and principally at price stability should not preclude con-
cern for the cost of achieving the target rate of inflation and that this cost should
appear in the objective function replacing the output gap. This implicit cost
function should include the costs of maintaining or restoring financial safety or
solvency, avoiding a credit crunch, or increasing unemployment. The above
helps motivate the use of (14) as the objective function of B.

We also conjecture that a model of the strategic interaction between the
monetary authorities and the financial sector incorporates per se elements of the
nonlinearities exhibited in the dynamic behaviour of the economy and renders
unnecessary the inclusion of ad hoc financial frictions from the borrowers’ or
the lenders’ side of credit markets (see e.g. Gambacorta and Signoretti [25] that
use a Dynamic Stochastic General Equilibrium model with both firms’ balance-
sheet and bank-lending channels or Iacoviello [44] and Curdia and Woodford
[19], [20] for separate accounts of the above channels).

5. Equilibrium Outcomes

We derive Nash equilibria in that players are assumed to behave optimally with
regard to their beliefs about their opponents’ behaviour, and in equilibrium
these beliefs have to be correct. They are also sub-game perfect equilibria in that

players carry out their planned strategies without error.

5.1. The Case of Monetary Policy under Discretion (T'1)

Choice of x
It is convenient and inessential as stated above, to regard B as choosing x ra-
ther than i, on observing E7, &, iy, r, fand R. Substituting from (1), (2), (3) and
(10) into (14):
2

U=—(Exr+s-x-7") —a(2R-iy 1" - px-Ex-s+x-P ).  (15)

Differentiating (15) with respect to x and equating to zero and, since in equi-

librium EP = Q, using (9), we get:
[1+a(B-1) |x=Er+e-7"+a(B-1)(Q-c-P"). (16)
Let
H=1+a(g-1). (17)
Then, from (9), (14) and (15):

Ex—7n" . [1—05(5—1)}5 N a(ﬁ—l)(Q_ P*)
H H H '

X= (18)
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This is the value B chooses for x under discretion. Note that x tends to Ex + ¢
— 77 as atends to 0 or as Stends to 1, so in the limit, 7= 7. The rate of inflation
equals its target value when B does not care about the profitability of the finan-
cial sector (ie. when a tends to 0), and also tends to this value as the power of
the instrument, 7 goes to infinity (ie. when Stends to 1).

Taking expectations in (18), using (4):

Er=n"+a(B-1)(P"-Q) (19)
X:[l_a(Hﬂ:wd& (20)

Note that: (i) although inflationary expectations are given when B chooses j
they are in fact endogenous, formed, prior to B’s choice of j on the basis of ra-
tional beliefs about future monetary policy. (ii) If, in particular, P = Q, then,
from (19):

*

Ex=rn (21)

Choice of R
Let o, denote the standard deviation of P, the profits obtained by S. We as-
sume competition drives the expected value to Q = ko, so
EP=Q (22)
EP=ko, (k>0). (23)
At this level for expected profits, the market finds the chances of bankruptcy

just acceptable.
From (9), (19), (22) and (23), choice of Ris governed by:

. i+ + 7 +a(B-1)P +[1-a(B-1)]|ko,

) (24)
From (11) and (20):
Op = éo;. (25)
From (20), (24) and (25) we get:
R, = A+£k/3a)d0'£,
2 (26)

where A:%[io +r'+7" +a(f-1) P*] (A>0).

In choosing R under discretion, which we term as R, S takes into account the
effect of B’s choice of x on Emand, through o, on Q. Note that, because the fi-
nancial sector is consolidated, the optimisation process is implicit rather than
modelled. Informally, we suppose the choice of R is optimal for individual fi-
nancial institutions. In other words, because of competition, they cannot do bet-
ter than adopt this value for R.

In I, the equilibrium (Ry,e,) is as in (26) and (20). As both represent
unique solutions to the pertinent optimisation problems, both (26) and (20) are

undominated, representing, thus, a sub-game perfect equilibrium.
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5.2. The Case of Commitment to an Instrument Rule (T';)

Under rules, B pre-sets the way x will be determined at #= 1 and, in choosing the
rule, takes account of the effect the rule will have on S’s choice of R. In choosing
R, S takes the rule for xas fixed.

We define the rule® as:

x=w +0,Er+we (w,>0). (27)

The rule aims at affecting inflation by controlling S’s expectations and by ac-
commodating perceived shocks to inflation at a constant rate. The choice of a
rule as in (27) is justified by (1) the equation driving inflation.

Taking expectations in (27), using (4):

Er=-2_a, (28)

Thus, inflationary expectations are again endogenous and controlled by the
monetary policy rule. The constant term w, qualifies for a definition of a degree
of smoothing in the adjustment of the monetary policy instrument. From (27)
and (28):

X = we. (29)

Under the commitment of a rule B is actually making the first move by an-
nouncing and committing to a rule as in (28) and (29). Then S forms Ex with
respect to (28), anticipates xas in (29) and determines R accordingly. Then at ¢=
1 B applies xas in (29).

Choice of R

From (9), (11), (22), (23), (28) and (29), Ris now, under rules, given by:

2R—iy 1"~y =Q (30)

n i0+r*+a)0+k[(ﬂ—1)a)+l]ag.

r > (31)

In supposing S’s choice of R is determined by (31), we take it that B is com-
mitted to the rule, and S is rational in believing the rule will be enforced.
Choice of x

B maximises expected utility, which from (14) is:
EU=-E(Ex+e—x-7") ~aE(2Riy—1" ~ px—Ex—e+x-P) . (32)

Suppose P is fixed, ie. does not, like Q, vary with w. Substituting again from
(28), (29) and (30) into (32):

EU=—E[a,+(1-0)e-7| ~aE{[(B-1o+1](ko, ~¢)-P}". (33)

Differentiating (33) with respect to w, and w, and equating to zero:

W, = i (34)

8This is an instrument rule since from (3), Equation (27) can be written as a rule for the short-term
nominal rate, 7.
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~ o’ —a(ﬂ—l)[(kz +1)G£2 —kO’EP*:|

. (35)
[1+a(p-1) (K +1) o7
Let
P =kfo, (620), (36)
and define:
H=1+a(B-1)"(k*+1). (37)
Substituting (36) and (37) into (35):
1- -1)(k?+1-k?6
w= a(ﬁ )|<:| i ):a)r. (38)

In T, the equilibrium (Rr,a)r) is as in (31) and (38). Similar to the reasoning
in T}, since both equilibrium strategies show unique solutions to the pertinent
optimisation problems in each sub-game, both (31) and (38) are undominated,
representing, thus, a sub-game perfect equilibrium.

Under rules if 7 = Q, substituting from (27), (28) and (29) into (32):

EU=—(0,-7") ~(1-0) *~a[(B-Lo+1] o (39)
Differentiating (39) with respect to w, and w, and equating to zero:
w, =7 (40)
1- -1
w=""2P"7) (Hﬂ ) (41)

Comparing (40) and (41) with (19) and (20), noting (28) and (29), we see that,
in this case, the results under rules are the same as under discretion.

The fact that B sets P* = Q indicates that it accepts the “safety net” S imposes
on itself, ie. the competitive outcome at which the levels of bankruptcy of firms
in the financial sector are just acceptable. In this case, any perceived risks to fi-
nancial stability are encountered almost solely by S, so long as B identifies and
announces the presence of an explicit objective for financial stability (a > 0). The
level of Qis a function of w and, therefore, B’s concerns for financial stability are
incorporated in the behaviour of S. As a consequence S’s expectations of infla-
tion are anchored to B’s target 77 even when B is acting with discretion. This is
the case when B contends that S can impose a discipline on itself through pure
competition. We contend that for the particular case of P = Q our model yields
similar results to the literature assessing monetary policy against financial im-
balances.

If B finds the level of Q as too lax, it sets P* > Q. Since we model B as con-
ducting monetary policy in order to restrain the growth of imbalances in the fi-
nancial sector that are perceived and have not yet been reflected in the relevant
indicators used, which, nevertheless, carry the potential of large detrimental
economy-wide effects, then by assumption B can view the discipline S imposes
on itself through pure competition as insufficient. This can be interpreted as a

level of Q that is lower than the level B views as more appropriate. We view this
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case as the presence of significant risks to financial stability that B is aware of
and is trying to address. Therefore, B sets its target for S’s profitability 7" at a
level higher than Q.

6. Discussion

An initial evaluation of the two styles of policy determined by the equilibria as
analysed in I'; and T, is that commitment to a rule (T,) is better than discretio-
nary monetary policy (I';) in terms of better control of inflation expectations and
effectiveness of policy. Comparing Er from (19) and (34), and for P" > Q, it is
evident that by following a rule as in (27) B can anchor inflation expectations to
its target for inflation 7.

This result in favour of the commitment to a rule is reinforced by the fact that
LATW monetary policy as described by our model is more effective in affecting
inflation under commitment to a rule.

Definition 1: Monetary policy is more effective in controlling inflation when
it results in a higher level for x.

From (29) Definition 1 can be expressed in terms of w, the proportion of B’s
offsetting &.

Proposition 1: For a > 0 and B> 1, monetary policy is more effective in con-
trolling inflation under commitment to a rule as in (27) than under discretion if
and only it P > Q.

Proof: On comparing w, in (38), obtained under rules, to w, in (20), which is

optimal under discretion, and for Definition 1, w,> w,is equivalent to:

1-a(p-1)(k*+1-k%*0) 1- -1
% )(~ )2 a(BY)_ 45 B. (42)
H H H
From (11), (25) and (36), the result in (42) is equivalent to 7 > Q. Both cases
give identical results, @, =w,,when 6= é or equivalently when P™ =Kk éag .

The later can be expressed as P"=k[(8~-1)w; +1]o,, which is the level of Q

when w is equal to w, as in (20), or in other words when ®, =@, . Therefore,
monetary policy is more effective under rules than under discretion if and only if
P>Q

From the proof of Proposition 1, we can also show that under rules B can ex-
ercise more discipline to S by inducing a higher level for Q. Since Qis a function
of w and w is higher under rules than under discretion, then the level of Q is
higher in the former case driving, thus, expected profits £P to a higher level as
well.

These results in favour of commitment to a rule in cases of monetary policy
with risks to financial stability contrast the main result in the literature that calls
for more flexibility in the conduct of monetary policy.

Finally, in order to evaluate the behaviour of S and B, namely whether they
will actually play their equilibrium strategies when they are to take an action, we

need to discuss their pay-offs in turn.
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The expected pay-offs to B are computed using the following:
Substituting (29) into (32), using (9) and (22):

Eu:—(En—ﬂjz—a—wfof—aﬂﬂ—nanifof—a(q—pjf (43)
From (30) and (36):
P -Q=kbo, —k[(B-1)w+1]o, =k[0-(B-1)0-1]o,. (44)
Substituting (44) into (43) yields:
EU :—<E7r—7r*)2—(1—a))zdf—a[(ﬁ—l)a)+1]zaj (45)
—a[(ﬂ—l)awl—@]z k’c?.

In addition, for (29), (36) and for w,as in (20) and for Q, =k [( B-1) o, +l] o,
the following result holds:

. 1- -1
P -Q, =kfo, -k (ﬂ—l)L)z+l a€=k[6’—£jo;. (46)
L+a(f-1) H
The expected pay-offs to S are computed using: EP =Q
From (29) and (30), in both games:
EP=k[(B-1)o+1]o,. (47)
Let

_a(f-1(P -Q)

’ H

where Q, =k[(8-1)m, +1]o,.

We can cluster the expected pay-offs to each player, with respect to P*>Q,
for each of I', and T,

From (47), we can present the expected pay-offs to S in the four distinct cases
under consideration in Figure 2.

From (47) and for w, as in (38) we determine A,. Turning to A,, if S believes
the rule and B acts with discretion, S perceives the pay-off to be A, but the true
pay-off is A,. Q is determined at ¢t = 0 by S’s beliefs about future policy (the
choice of w or xat t=1). Since Er differs from the level defined in equilibrium
under discretion [ie. Ex=x" +a(,8—1)(P* —Q) ] then x in this case differs
from x = w,e, for w, as in (20) (the level of x defined in equilibrium under dis-

cretion). In particular, from (18), in this case X=w,&—¢. Moreover, this case

S B Rules Discretion
Er=nr
A =k -NHo, +1|o A =k -Na, +1|o, +(B-1
(S believes the rule) ' [(ﬂ ) ’ ] ¢ : [(ﬂ ) :I (ﬂ M
E/r:;z-*+a(ﬁ—1)(P*_Q) . 45 A4:k|:(ﬁ71)a)d+1]o;
(S does not believe the rule) (indeterminate)

Figure 2. Financial sector (S) Pay-Offs.
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does not constitute an equilibrium and, therefore, (4) does not hold, ie. Ex # 0.

Thus, from (10) the expected profits to S are:
EP=2R—i,—r —Ez—(B-1)Ex.

For Ex=7" and Xx=w,e—¢, EPin A, takes the following level displayed
in Figure 2:

EP=2R-i,—r" —z"—(f-1)¢
=k[(B-1)o, +1]c? +(B-1)4,

A; in Figure 2 is indeterminate because the rule is indeterminate in the case
described. If S does not believe the rule, then it perceives A4, as the true pay-off.
Since B wants to enforce the rule through the optimisation process it can only
determine the ratio of @, to w,. Finally, from (47) and for w, as in (20) we de-
termine A,.

For P’ > Q, from Proposition 1 we have w, > w,and since ¢ > 0 and > 1, then
A, > A, > A,. Therefore, S will always believe the rule if a rule is announced and
play as in the interaction described by game I',. In this model S would prefer B to
commit to a rule of the style proposed than act with discretion.

Figure 3 gives the expected pay-offs to B in the four distinct cases’.
From (45), for Ez=7" and for w,as in (38) we define A4, as:

EU=-(1-o,) 02 ~ak?[(f-1)o, +1-0] o7 —a[(f -1 o, +1] o2
From (43), for Ex=7", X=w,e—¢ and for w,as in (20) we define A; as:
EU=—¢~(1-0,) o ~a{k[(f-Do, +1-0]c, +(A-1)¢}
~a[(p-1)w, +1] .
From (46) the formula above becomes:
EU=—¢*-(1-a,) o? —akz{[(ﬁ—l)a)r +1-0]+(H —1)(9—5}2 o?

—a[(f-)a, +1] o2

A, is indeterminate for the same reason as A, explained above.

S B Rules Discretion
Ex=m 45 4q
(S believes the rule)
Ex=z"+a(p-1)(P"-Q) 45 y
. . 8
(S does not believe the rule) (indeterminate)

Figure 3. Central bank (B) Pay-Offs.

°It is important to stress that Figure 2 and Figure 3 are not “pay-off matrices” of a game, since each
displays expected pay-offs for each player in two different games. We only use the two tables to pre-
sent our main results in a compact, illustrative way. We contend that since the two games (I, and T,),
different though they may be, possess several fundamental similarities; we can make comparisons in
the resulting behaviour for each player created from the distinct forms of interaction.
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From (45), for Ex=7"+H¢ and for w,as in (20) we define A4 as:
EU =—H* —(1-0, )’ 02 —ak?[(f-L) o, +1-0] o7
~a[(B-1)o, +1}2 o’

Comparing B’s expected pay-offs in Figure 3, we conclude that A > A; > A,.
This implies that even though B does better when facing the interaction de-
scribed in game I, as opposed to T'), it prefers at £= 1 to deviate from applying
optimal x as determined in equilibrium by the rule but act instead with discre-
tion applying x as in (20), the optimal outcome under discretion.

In game I, the rule is always believed under the assumption of common
knowledge (of rationality). Since the beliefs of S about B’s behaviour have to be
consistent with B’s actual behaviour in equilibrium (as the second basic assump-
tion for the definition of a Nash equilibrium postulates), B’s choice of w,when S
anticipates a rule does not constitute an equilibrium and, therefore, cannot be
maintained in future periods.

In particular, for 7 > Qand for play as in T, (which is preferred to T,) the re-
sulting policy is time inconsistent similar to the type of models of monetary pol-
icy that initiated with the work of Barro and Gordon [25].

A policy is time consistent if an action planned at time ¢ for time ¢+ jremains
optimal to implement when time ¢+ 7 actually arrives. Irrespective of state con-
tingency (namely that policy can depend on the realisations of events unknown
at time ¢ when policy is originally planned) a time consistent policy gives rise to
a planned response to new information that remains the optimal response once
the new information arrives. A policy is time inconsistent if at time ¢+ 7 it will
not be optimal to respond as originally planned (Walsh [45], p. 321).

Our results show that when there is substantial threat of financial instability,
the central bank has sensitivity over signs of financial fragility and it is believed
by the central bank that the financial sector cannot guarantee stability (since a
number of financial firms that should have exited the system are still under op-
eration to the detriment of the sector itself and the economy as a whole), the op-
timal policy is time inconsistent. In T',, S will anticipate the announced rule for
monetary policy, anchoring its expectations around the central bank’s target for
inflation. Then for Ex=7z", S determines the competitive level for the long-
term interest rate accordingly. If, however, B anticipates that and has an objec-
tive function that (under risks to financial stability) reveals the willingness to
induce some prudence in S by setting the target for financial stability as 7 > Q, B
will not follow the rule and apply the optimal policy under discretion instead in
order to yield a higher pay-off . If the same two-period game is played again
(starting straight after ¢ = 1), S, after learning from this experience of ¢ =1, will
not believe the announced rule. If in game I', B deviates from the equili-
brium-path and chooses w, instead, then when the game is repeated B cannot
induce S to believe that the rule will be enforced in the next period irrespective
of the fact that both players yield higher pay-offs in this case. S will expect dis-

cretionary monetary policy from B, Ze. play as in I';, and, therefore, give rise to a
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sub-optimal outcome, since in equilibrium both players receive lower pay-offs
compared to the equilibrium outcomes in T',.

The main policy implication of our model is that this dynamic inconsistency
of LATW monetary policy justifies the necessity of the commitment to a rule by
the central bank in a similar fashion to the extant literature on time inconsistent
monetary policy that initiated with the seminal contribution of Barro and Gor-
don [1], [2].

Nevertheless, our analysis is limited in that it addresses the rules versus dis-
cretion argument pertaining solely to LATW monetary policy. It does not in-
clude a choice of a central bank’s not containing a perceived financial imbalance
and using monetary policy to “clean up” after the “bubble” bursts. The latter

warrants further research.

7. Policy Implications

The analysis solely addresses monetary policy that is known to aim at restraining
the growth of perceived financial imbalances, positive or negative (present in the
financial sector), and the main policy implications generated refer both to the
design and the conduct of such monetary policy.

Considering the design of monetary policy, we show that when the monetary
policy-maker takes into account the effects of the strategic interaction and passes
forward clear announcements of this concern, the resulting policy is optimal
when it follows a rule contrary to the literature on LATW monetary policy
which (to our knowledge) does not take into account the crucial effect of such
interaction. A further implication of our work referring to the design of mone-
tary policy is the proposition of a financial stability objective in terms of the
profitability of the financial sector; the latter modelled with respect to the spread
between the rate on long-term financial instruments and rate of the instrument
of monetary policy. A robust definition of financial stability or the financial cycle
has not yet been commonly accepted in the literature. Therefore, the above point
demands further research.

Considering the conduct of monetary policy, we contend that discretionary
monetary policy when the central bank aims to restrain perceived financial im-
balances in the financial sector is not the optimal style of policy. A further policy
implication of our model is that the chosen LATW monetary policy (deviation
from the rule on the receipt of new information after the rule is believed) is time
inconsistent, which justifies the necessity of the commitment to a rule by the
central bank in a similar fashion to the extant literature on time inconsistent
monetary policy that initiated with the seminal contribution of Kydland and
Prescott [46] and Barro and Gordon [1]. The analysis highlights the well-articu-
lated during previous decades need of a central bank to build credibility, yet in
this context referring to the achievement and maintenance of financial stability,
as an explicit monetary policy objective.

Diamond and Rajan [47], Farhi and Tirole [48], and Smets [49] formally treat

certain additional aspects of time-inconsistent monetary policy addressing sepa-
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rate elements of the “financial cycle’. Borio [50] identifies the latter in that “...
policies that are too timid in leaning against financial booms but are then too
aggressive and persistent in leaning against financial busts, may end up leaving
the authorities with no further ammunition over successive financial and busi-
ness cycles”'® (Borio [50], p. 16). The end-result of a downward trend in policy
rates across cycles and the essential incessant resort to balance-sheet policies (yet
with minor gains in terms of financial and macroeconomic stability) is rein-
forced in a global level as the stance of monetary policy is transmitted from core

economies to the rest of the world.

8. Concluding Remarks

Following the debate on the inclusion or not of perceived financial imbalances in
the conduct of monetary policy before the forecasts to inflation are affected, we
evaluate monetary policy which is conducted in a way that explicitly addresses
financial instability in a simple model analyzing the strategic interaction between
a central bank and a financial sector.

We model the central bank as having the objectives of price stability and fi-
nancial stability, where the latter is a function of the profitability of the financial
sector against a benchmark. In line with the results proposed in the extant lite-
rature in favour of LATW monetary policy (for example as in Borio and Lowe
[16]; Bordo and Jeanne [6]; Cecchetti et al. [15]; White [17]; Farooq-Akram ef al.
[30]; Gambacorta and Signioretti [25]; Smets [49]) that (to our knowledge) calls
for more flexibility and the use of longer time-horizons in the conduct of mone-
tary policy, we assess monetary policy under discretion and under commitment
to an instrument rule.

In contrast to the relevant literature, we conclude that when a central bank
addresses financial stability as a main and systematic component of its decision
making process, namely as an explicit monetary policy objective, then policy
yields better results in terms of anchoring inflation expectations to the central
bank’s inflation target and enhancing financial sector profitability when con-
ducted under commitment to a rule. The latter stems from stronger monetary
policy reaction, thus, forcing the financial sector to face a higher level of mini-
mum expected profits that guarantee its sustainability. Therefore, a stimulus is
provided to the latter in order to increase their profitability and avoid seizing
operation. Under substantial threat of financial instability, the proposed policy

induces the financial sector to impose more prudence on its operation.
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