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Optimal Central Banker Contracts and Common Agency: a Comment Juan Cristóbal Campoy and Juan Carlos Negrete Universidad de Murcia



We explore a setting where the central bank is oﬀered an incentive scheme by an interest group, in addition to the contract designed by the government. We prove that the inflation bias can be eliminated when principals do not cooperate and have diﬀerent output or inflation objectives. These conclusions contrast with those of Chortareas and Miller (2004). The reason is that our analysis takes into account the participation constraints of the central bank. We also show that, if principals cooperate, the inflation bias is eliminated when their output target is diﬀerent but not when they disagree over the inflation objective.
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Introduction



Central bank independence is a well-known remedy to the inflation bias arising when a time-inconsistency problem of discretionary monetary policy is present. Walsh (1995) modelled this process of delegation to independent monetary authorities as a contract within a principal-agent framework. He showed that the inflation bias can be eliminated without incurring any output stabilization loss if the government (principal) oﬀers the central bank (agent) an incentive scheme (an inflation contract) that penalizes the latter for creating inflation. Chortareas and Miller (2004), in what follows C-M, have extended Walsh’s (1995) model to allow for two principals. They assume that the central bank (the agent) enters into two agreements, namely, a formal inflation contract à la Walsh (1995) with the government; as well as an informal contract with another principal labelled generically as “the interest group”. On the other hand, C-M assume that incentive schemes imply costs to the principals who behave in a non-cooperative way. The aim of this paper is twofold. First, we explore how this common agency scenario is aﬀected 1



if the participation constraint of the central bank is fully considered when solving for all the strategic variables of the principals. Second, we extend the analysis to a cooperative scenario between the government and the interest group. Our paper is also related to those of Candel-Sanchez and Campoy-Miñarro (2004) and Chortareas and Miller (2007). However, in contrast to our study, these articles do not carry out their analyses in a common agency framework. As a result, they do not address the issue of contract competition among principals, which will be shown below to have a key influence on the inflation bias. We show that, in the non-cooperative context, the main conclusions of C-M do not hold and discuss how their assumptions may be changed so as to salvage their results. More specifically, we prove that the inflation bias is eliminated when both principals disagree over the output objective and the central banker is oﬀered an inflation contract by the government and a competing output contract by the interest group. This result is in sharp contrast with the one obtained by C-M, who claimed that, in this setting, the bias could not be removed. On the other hand, we show that when the government dislikes inflation but the interest group has a positive inflation target and both of them design competing inflation contracts, the inflation bias may be positive, negative or null. This also contrasts with the conclusion of C-M who stated that, in this context, the sign of the bias would unambiguously be positive. We propose a new mechanism as a way out of this (positive or negative) bias. It consists of the government designing a Walsh inflation contract together with an inflation target à la Svensson (1997). Our extension of the analysis to the regime where both principals cooperate concludes that the inflation bias is eliminated when they disagree over the output objective. However, when the government’s inflation objective is null but the interest group’s is positive, this bias is also positive but smaller that the latter’s inflation objective.



2



2



The model



As in C-M (and following their notation for ease of comparison), the working of the economy is summarized by the following equations: y = y n + α(π − π e ) + ε, π = m + ν − γε, £ ¤ LG = (y − y ∗ )2 + βπ 2 + φ[t0 − tπ], i h LIG = (y − yg )2 + b (π − π b)2 + ψ[τ ρ(.)], £ ¤ ΛCB = (y − y ∗ )2 + βπ 2 − ξ [(t0 − tπ) + τ ρ(.)] ,



(1) (2) (3) (4) (5)



where yn , α, β, φ, b, ψ, ξ > 0 and z ≡ y∗ − y n > 0; and superscripts, “G”, “IG”, and “CB”, respectively, stand for “Government”, “Interest Group” and “Central Bank”. Equation (1) shows that the economy possesses a Lucas supply function, so that the diﬀerence between output (y) and its natural level (y n ) depends on the deviations of inflation (π) from its rationally expected value (π e ) and ¡ ¢ on a supply shock (ε) with zero mean and finite variance σ 2ε . Expression (2) states that inflation is a



function of: a) the growth of a monetary aggregate determined by the central bank (m); b) a velocity shock or a control error (ν), with zero mean and finite variance σ 2ν , which is uncorrelated with ε; and c) the supply shock (which also appears in (1)), where γ picks up the eﬀect of this shock on inflation. Equations (3), (4) and (5) represent the loss functions of, respectively, the government, the interest group and central bank. Each of these three expressions consists of two terms. The first term means that they all care about deviations of inflation and output from some desired levels. The first term of the interest group’s loss function diﬀers from the one shared by the other two players in the concern about inflation deviations from desired levels (β > b) and in the value of some of the target values (for inflation or output). More specifically, Subsections 3.1 and 4.1 (Subsections 3.2 and 4.2) consider the case where the interest group and the government disagree over the output (inflation) objective, i.e., π 6= 0). In section 3, a common agency framework is considered. Namely, the central bank y g 6= y ∗ (b (i.e., the agent) is oﬀered two competing contracts by the government and the interest group (i.e., the two principals) in order to influence the course of monetary policy. The government’s contract will be à la Walsh (1995), i.e., t0 − tπ. However, the incentive scheme oﬀered by the interest group, τ ρ(.), may link incentives to output (Subsection 3.1) or inflation (Subsection 3.2). Section 4 compares this
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common agency scenario with another regime where the central bank is oﬀered an incentive scheme that is collectively designed by the government and the interest group. The interactions between the government, the interest group, the central banker and the private sector are modelled through a multi-stage game. In Section 3, the sequence of events is as follows: a) The government and the interest group oﬀer, simultaneously and in a non-cooperative fashion, two contracts to the central banker; b) the private sector observes both incentive schemes and then forms its expectations on inflation; c) the realization of the output shock (ε) becomes common knowledge; d) the central banker selects the level of the policy instrument (m); and e) the stochastic control error or velocity shock takes place (ν). The same timing is assumed in section 4 but, in the first step, principals behave in cooperative fashion.
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Non-cooperative design



3.1



Disagreement over the output objective



We begin by analyzing the case where the government and the interest group share the same inflation target but have diﬀerent output objectives. Formally, with reference to (3), (4) and (5) the following applies: π b = 0, y g 6= y ∗ and g ≡ yg − yn > 0. On the other hand the interest group oﬀers the central bank the following output contract: τ ρ(.) = τ 0 − τ (yg − y).



We look for a subgame perfect equilibrium. Therefore, we apply backward induction to the game outlined in Section 2, for the particular case of an output contract. In the last stage of the game, the central banker selects the value for m that solves the following program: M in {m}



s.t.



£ ¤ (y − y ∗ )2 + βπ 2 − ξ [(t0 − tπ) + (τ 0 − τ (y g − y))] ⎧ ⎨ y = yn + α(π − π e ) + ε, ⎩ π = m + ν − γε.



The solution yields the following reaction function of the monetary authorities: ¶ µ ¶ ¶ µ µ α2 ξ α α e ε+ m + z+ (τ α − t) . m= γ− 2 2 2 2 α +β α +β α +β 2 (α + β)



(6)



Anticipating this behavior, the private sector forms its rational expectations on inflation as follows (since me = π e ): π e = me =



µ ¶ ξ α z+ (τ α − t) . β 2β 4



(7)



Plugging expression (7) into equation (6), substituting the resulting expression into (2) and solving for π, one obtains:



µ ¶ α ξ ε π= z+ (τ α − t) + v − α 2 . β 2β α +β



(8)



Our analysis so far has been equivalent to that of C-M.1 However, the way in which we solve the first stage of the game is diﬀerent theirs. In order to find the solution to this initial stage, we need to express the expected loss functions of the principals and the agent in terms of t0 , t, τ 0 and τ . Therefore we modify equations (3), (4) and b = 0, (5) following this sequence of computations: i) substituting τ ρ(.) = τ 0 − τ (y g − y) and setting π



y g 6= y ∗ and g ≡ yg − yn > 0; ii) plugging (1); iii) substituting the values for π e and π (appearing in



equations (7) and (8)); and, finally, iv) taking expectations. This yields: £ ¤ α2 ξ 2 2 (ξ + φ) αz (ξ + 2φ) ξ 2 (ξ + φ) αξ α2 zξ E LG (t, t0 , τ , τ 0 ) = φt0 + τ+ τ − t+ t − tτ + C(9) 0, β 4β β 4β 2β ¢ ¡ £ IG ¤ bzξα2 − ψβ 2 g bα2 ξ 2 2 bαzξ bξ 2 2 αbξ 2 E L (t, t0 , τ , τ 0 ) = ψτ 0 + τ + τ − t + t − tτ + C1 , (10) β2 4β 2 β2 4β 2 2β 2 ¡ 2 ¢ ¤ £ CB zα + gβ ξ α2 ξ 2 2 ξ 2 2 τ+ τ − t + C0 , (11) E Λ (t, t0 , τ , τ 0 ) = −ξ (τ 0 + t0 ) + β 4β 4β ´ 2 2 2 ¡ ¢³ ¡ 2 ¢ 2 bα2 z 2 2 2 2 + (β +α b)σε . ε + g where C0 = α2 + β σ 2ν + zβ + αβσ 2 +β and C1 = α + b σ ν + 2 2 β (α2 +β) Proposition 1: Consider the scenario where the two principals behave in a non-cooperative way, have diﬀerent output objectives but share the same inflation target. When the central banker is oﬀered an inflation contract by the government and an output contract by the interest group, the inflation bias is eliminated. Proof: Each principal chooses the value of the strategic variables that shape its contract taking the other principal’s choice as given. In doing so, each of them bears in mind that any contract will be accepted 1



α α2 +β



Notice that there is an erratum in their expression (5) since the term multiplying z should read



α2 α2 +β



instead of



. On the other hand, in order to facilitate comparison between our results and the ones obtained by C-M, the



following additional errata in the paper by these authors need also be taken into account. To wit, on page 141, it should read: Ω = of: tN = α2 α2 +β



ξ+φ ξ+2φ Ω 1−Ω



instead of Ω = 2β α



ψβ βξ2



ξ+ψ ξ+2ψ ;



on page 142 (expression (12)) it should read: tN =



Ω 1−Ω



2β α



g; and on page 145 (expression (21)) the term multiplying z should read



.
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ψβ bξ2 α α2 +β



g instead instead of



only if the central bank finds if it suﬃciently attractive. This “participation constraint” states that, for each contract, the expected loss obtained by the central bank when signing it must be lesser or equal to the one it would obtain if it did not accept the incentive scheme. It should be emphasized that C-M “unambiguously” claim to assume that this participation constraint holds (p. 140, 1st paragraph). However, as will become apparent in what follows, C-M fail to appropriately incorporate this crucial constraint into their analysis. We begin by considering the contract oﬀered by the government. With this aim, let (t∗ , t∗0 , τ ∗ , τ ∗0 ) denote a set of equilibrium contracts. Taking as given the incentive scheme designed by the interest group (i.e., the values, τ ∗ , τ ∗0 ), the government solves the following problem: Therefore, the government solves: £ ¤ E LG (t, t0 , τ ∗ , τ ∗0 ) £ ¤ E ΛCB (t, t0 , τ ∗ , τ ∗0 ) ≤ C G ,



M in {t0 ,t}



s.t.



where C G is the expected loss obtained by the central bank if it rejects the incentive scheme designed by the government. The Kuhn-Tucker first order conditions of this problem are: ∂£ ∂t0 ∂£ ∂µ



=



∂£ = 0, ∂t



≥ 0 and



µ



∂£ = 0 if ∂µ



µ > 0;



∂£ > 0 if ∂µ



¶ µ=0 .



Solving the initial two first order conditions for the Lagrangian multiplier, µG , and equating yields: µG =



∂E (LG ) ∂t0 − ∂E(Λ CB ) ∂t0



=



∂E (LG ) ∂t − ∂E(Λ CB ) . ∂t



(12)



Now, rearranging, we obtain the equality of the marginal rates of substitution between t and t0 (stated in (12)) of the government and the central bank: ¯ ∂t0 ¯¯ = ∂t ¯E(LG )=E(LG )



∂E (LG ) ∂t ∂E(LG ) ∂t0



=



∂E (ΛCB ) ∂t ∂E(ΛCB ) ∂t0



¯ ∂t0 ¯¯ = . ∂t ¯E(ΛCB )=E(ΛCB )



(13)



Therefore, calculating both marginal rates of substitution (from (9) and (11)):



¯ ∂t0 ¯¯ (ξ + φ) (2αz + αξτ ) − ξ (ξ + 2φ) t , = ¯ ∂t E(LG )=E(LG ) 2βφ ¯ ∂t0 ¯¯ ξt = − , ¯ ∂t E(ΛCB )=E(ΛCB ) 2β 6



(14) (15)



equating them and rearranging, one finds the government’s best response penalty on inflation: t∗ =



2αz + ατ ∗ . ξ



(16)



Similarly, the Kuhn-Tucker first order conditions of the problem solved by the interest group imply: µIG =



∂E (LIG ) ∂τ 0 − ∂E(Λ CB ) ∂τ 0



=



∂E (LIG ) ∂τ − ∂E(Λ CB ) . ∂τ



(17)



Therefore, we apply to (17) the same procedure used to find the solution of the government’s problem, namely, we work out both marginal rates of substitution (from (10) and (11)): ¯ ∂τ 0 ¯¯ αbξ 2 t + 2ψβ 2 g − α2 bξ (ξτ + 2z) , = ∂τ ¯E(LIG )=E(LIG ) 2β 2 ψ ¯ ∂τ 0 ¯¯ α2 (ξτ + 2z) + 2gβ , = ¯ ∂τ E(ΛCB )=E(ΛCB ) 2β



(18) (19)



and equating (18) and (19) yields the best response marginal incentives on output selected by the interest group: τ∗ = −



bξt∗ 2z + . ξ α (bξ + βψ)



(20)



Solving simultaneously (16) and (20) yields: t∗ = 0,



τ∗ = −



2z . ξ



(21)



The inflation bias is eliminated since substituting (21) into (7) yields a null value for expected inflation. On the other hand, the Lagrangian multipliers are: µ∗G =



φ > 0, ξ



µ∗IG =



ψ > 0. ξ



(22)



The fact that these multipliers (in (22)) are strictly positive implies that the participation constraint associated with each principal’s problem holds as an equality. Notice that the fact that the participation constraint is binding is not a diﬀerent assumption with respect to the ones contained in the framework used by C-M. On the contrary, we have shown that it is a conclusion derived from solving the very same model (containing the very same assumptions) used by C-M. As for the vectors of equilibrium values of the fixed parts of the contracts, (t∗0 , τ ∗0 ), they are the ones that make the participation constraints hold (as equalities), taking as given the values of (t∗ , τ ∗ ) 7



appearing in (21). Appendix 1 characterizes the set of such equilibrium vectors and shows that this set is not unique. Notice, however, that this feature does not imply that the variable which is the focus of our paper, i.e., inflation bias (to which Proposition 1 refers), is indeterminate. Namely, as expression (7) shows, this bias does not depend on the vector of the fixed parts, (t∗0 , τ ∗0 ), but on the vector of the penalization rates, (t∗ , τ ∗ ) which does satisfy the property of uniqueness. Our result is in sharp contrast with that of C-M who, in the context studied in this subsection, claimed that the inflation bias could not be eliminated.2



These authors reached this conclusion



because they failed to take account of the fact that principals face constraint optimization problems when solving for the penalization rates (t∗ and τ ∗ ).3 Or, which is equivalent in terms of calculus, for each principal’s problem, C-M worked out the corresponding penalization rate as if the associated participation constraint of the agent were not binding, i.e., as if the related Lagrangian multiplier were zero. However, this way of solving the model is inappropriate since expression (22) shows that these multipliers are strictly positive. The reason why the participation constraint is binding is that, otherwise, each principal would not be behaving optimally since it would be better oﬀ by lowering the fixed part of its contract so that the central bank still accepted it. To sum up, when the incentive schemes involve a cost to the principals, as assumed by C-M (i.e., φ, ψ > 0), the agent’s participation constraint has to be taken into account to solve for the penalizations rates of both contracts. In other words, it is incorrect to solve each principal’s program as if it were a free optimization problem. As a result, the contracts obtained by C-M are not derived from optimizing behavior on the part of both principals and their conclusions regarding the inflation bias are invalid.4 ψβ g. In C-M, the inflation bias appears in their expression (13), taking the positive value bξα 3 That is, they solve for the values of the penalization rates (t and τ ) as if both principals were facing free optimization 2



problems, i.e., overlooking the participation constraint of the central bank. Formally, C-M solve a system of equations made up of the following first-order conditions: ⎫ = 0, ⎬ ∂E(LIG ) = 0, ⎭ ∂E(LG ) ∂t ∂τ



which yields their claimed equilibrium values of t and τ (appearing, respectively, in their expressions (12) and (11)). 4 We have focused on the consequences for the inflation bias of this common agency scenario. However, by using a similar procedure as the one applied above, the reader can check that the inflation bias is also eliminated in a setting where only one of the two principals oﬀers a contract, that is, when either the government designs an inflation contract or
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3.2



Disagreement over the inflation objective



This section explores a setting where the interest group’s inflation objective is diﬀerent from the government’s but their output targets coincide, i.e., in (3), (4) and (5) we have that yg = y ∗ and π b > 0. The following proposition states how the inflation bias is aﬀected if the interest group oﬀers



the monetary authorities a contract which links incentives to deviation of inflation from the former’s π − π). target. Formally, the incentive scheme oﬀered by this second principal is τ ρ(.) = τ 0 − τ (b Proposition 2: When the government and the interest group behave in a non-cooperative fashion, disagree over the inflation objective but share the same output target, if each of them oﬀers the monetary authority a contract, the inflation bias may be positive, negative or null. Proof: See Appendix 2. Proposition 2 contrasts with C-M’s, who claimed (in their proposition 2c) that, in the same setting, the sign of the inflation bias would always be positive. Once again, their conclusion cannot hold if the two contracts are derived from optimizing behavior on the part of the principals which, again, requires that the participation constraint be taken into account when solving for all the variables chosen by them. We have concluded that the inflation bias may be negative (deflation bias) even if the inflation objective is positive for the interest group and null for the government. To understand the intuition why this may happen, first consider the reference case where the interest group shares with the government a desirable level of inflation equal to zero (i.e., π b = 0). In this case, we explain why the



non-cooperative behavior of the principals (who want to save on incentive costs) brings the economy into deflation. We do so by making use of the intuition provided by the envelope theorem. In such a reference setting, why does each principal have incentives to deviate from the scenario where the inflation bias is null and move into an equilibrium in which a deflation bias is present? The reason is that if, for instance, the government increased its penalty on inflation by a “small” amount, deflation would arise and, as a result, it would: (a) increase its expected stabilization loss the interest group selects an output contract. This also contrasts with the results of C-M, which points to the dominance of only one of the two contracts considered.
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in terms of inflation and output (first term in (3)); and (b) increase its expected incentive transfer (second term in (3)) by an amount E{∆tr} > 0. However, the central bank: (i) would suﬀer the same stabilization loss (first term in (5)); but it would increase not only the incentive reward received from the government (by the amount E{∆tr} > 0), but also the one provided by the interest group (by the amount E{∆τ ρ} > 0). Therefore, ignoring (a) and (i) since, in terms of the envelope theorem, they are only second-order eﬀects (because we depart from an optimal stabilization of output and inflation), the total increase in the incentive rewards received by the central bank would exceed the increase in the incentive cost borne by the government (E{∆tr} + E{∆τ ρ} > E{∆tr}). Since that would relax the central bank’s participation constraint, the government could take advantage and decrease the fixed part of its contract, t0 , by an amount greater than E{∆tr} (approximately, E{∆tr} + E{∆τ ρ}) so that the participation constraint held, again, as an equality. To sum up, by increasing ‘a little’ the penalty on inflation and readjusting the fixed part of its contract, the government could save on incentive costs. Applying analogous reasoning, the interest group would also find it advantageous to deviate in the same direction from the ideal scenario with neither inflation nor deflation bias. To sum up, deflation arises in this scenario since, even though it implies a poor macroeconomic stabilization, this harmful eﬀect is outstripped by each principal’s temptation to act strategically so as to save on incentive transfers to the central bank. In what follows, this attempt by each principal to pass these transfer costs on to its rival will be referred to as the “competition eﬀect”. This eﬀect can be considered as an externality arising from the noncooperative behavior of the principals. Notice that deflation could never occur: a) in a basic model where the incentive transfers do not represent a cost to the principals since, in such context, this “competition eﬀect” is absent; b) in a setup where principals cooperate, because externalities arising from the competition eﬀect are internalized (this is analyzed in section 4 below). By continuity, this intuition can be applied to understand why a deflation bias could also arise, even in a scenario where the desirable level of inflation for the interest group is not null. Namely, as long as it is “suﬃciently small”, i.e., provided that π b is smaller than



ψαz bξ



(as the reader can check



from an inspection of (53)). However, when the interest group’s inflation objective is suﬃciently high



(b π is greater than



ψαz bξ ,



as stated in the Proof of Proposition 2) a positive inflation bias arises, since



this principal’s desire to drive the economy into (positive) inflation outweighs the “competition eﬀect” between principals just described.
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It is worth noting that such cost-saving competition between principals cannot take place in the context considered in the previous subsection, since in that scenario the contract oﬀered by the interest group does not link incentives to inflation but to output. That is, by altering the penaly on inflation, the government cannot save on incentive costs since, in that setting, this kind of manoeuvre does not aﬀect the interest group’s transfer costs. Why? Because for the interest group these costs are related to output whose expected value is invariant (and equal to the natural level).5 The analysis carried out so far in this subsection leaves open the question (unaddressed by CM) of whether, when principals disagree over the inflation objective, there is an alternative regime of interactions between both principals that eliminates the inflation (or deflation) bias. In order to answer this question, consider that delegation of monetary policy from the part of the government takes place by means of a mixed mechanism. To wit, one which consists of a Walsh inflation contract coupled with an inflation target à la Svensson (1997). More specifically, this alternative way of delegation together with the incentive scheme designed by the interest group considered in this subsection transforms the central bank loss function into: i h π − π))] . ΛCB = (y − y ∗ )2 + β (π − π T )2 − ξ [(t0 − tπ) + (τ 0 − τ (b Notice that, the choice variable π T (appearing in the previous expression) is the Svensson inflation target.The following proposition provides the solution to price instability in the context referred to in this subsection: Proposition 3: Consider a context where the two principals behave in a non-cooperative way and disagree over the inflation objective but share the same output target. When each of them designs an inflation contract and, in addition to that, the government sets a Svensson inflation target no inflation (or deflation) bias arises.6 5



An analogous remark to the one appearing in footnote 4 applies to this Subsection 3.2. Namely, it can be checked



that, when the only principal is the government (the interest group) and it designs an inflation contract, the inflation bias is eliminated (equal to the interest group’s inflation objective). This also contrasts with the results of C-M, who state that, in this setting, one contract dominates the other. 6 The inflation (or deflation) bias is also null when the contracts designed by the government and the interest group continue to be, respectively, t0 − tπ and τ 0 − τ (π − π), but the govenment also selects a central banker whose weight on the incentive scheme is ξ =



zψα be π



(i.e., substituting this proposed value of ξ into (53) and taking expectations results a



null expected inflation).
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Proof: See Appendix 3.
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Cooperative design



In this section, we extend the above analysis to the case where principals do not behave in a noncooperative fashion. Instead, we assume that they collectively design a Walsh contract, C(.) = c0 −cπ, so as to minimize their expected joint loss. Formally, the problem to be solved is: M in



{c0 ,c}



s.t.



i h£ i ¤ h E (y − y ∗ )2 + βπ 2 + (y − y g )2 + b(π − π b)2 + [c0 − cπ] ¤ £ E ΛCB ≤ C C ,



where C C is the expected loss obtained by the central bank if it rejects the contract.



4.1



Disagreement over the output objective



The following proposition refers to the setup studied in Subsection 3.1 but with the exception that now both principals cooperate. Therefore, as in Subsection 3.1, principals disagree over the output objective but not over the inflation target (i.e., in (3), (4) and (5) we have that: π b = 0, y g 6= y ∗ and g ≡ yg − yn > 0).



Proposition 4: Consider the scenario where the government and the interest group collectively design a Walsh inflation contract. If the two principals have diﬀerent output objectives but share the same inflation target the inflation bias is eliminated. Proof: See Appendix 4. Therefore, we have concluded that, when principals disagree over the output objective, the same result regarding the inflation bias is obtained irrespective of whether or not cooperation among principals exists, i.e., this bias is eliminated in both cases (as stated in this Proposition 4 and in Proposition 1). The reason is that when the principals disagree over the output target, even in the non-cooperative case there is no “competition eﬀect” (as just explained at the end of the previous section). This implies 12



that the spillovers associated to this kind of strategic eﬀect are absent too. Thus with no externalities to be internalized, cooperation among the government and the interest group has the same eﬀect on the inflation bias as in the case where there is no such cooperation.7



4.2



Disagreement over the inflation objective



The case where the interest group’s inflation objective is diﬀerent from the government’s but their b > 0) is also reexamined, output targets coincide (i.e., in (3), (4) and (5) we have that yg = y ∗ and π for the cooperative scenario, in the following proposition:



Proposition 5: Consider a context where the two principals collectively design a Walsh inflation contract. If they share the same output target and the government’s inflation objective is null but the interest group’s is positive, the inflation bias is also positive but smaller that the latter’s inflation objective. Proof: See Appendix 5. The intuition why, when principals disagree over the output objective, the inflation bias is always positive in the cooperative case (Proposition 5) in contrast with the non-cooperative setting where this bias can even be negative (Proposition 2) is also related to the “competition eﬀect”. Namely, recall that the “competition eﬀect” is the only force that can push the economy into deflation. Therefore, deflation is ruled out when principals cooperate since in this case no such “competition eﬀect” exists (because the externalities are internalized). On the other hand, Proposition 5 also states that the inflation bias takes an intermediate value between the inflation objective of the government and that of the interest group. The reason is that this bias is the result of a bargaining process among both principals and, therefore, it will lie between the inflation objectives of these two players.8 7



It can be checked that the inflation bias is also eliminated if principals collectively design an output contract:



(c0 − c (y g − y)). 8 The reader can check that the same inflation bias arises if the incentive scheme takes the form: c0 − c (π − π).
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5



Conclusions



Walsh (1995) modelled the government’s delegation of monetary policy to an autonomous central bank in a principal-agent framework. Chortareas and Miller (2004), C-M, extended this setting to allow for another principal, namely, a generic interest group. We have shown that the main conclusions by C-M cannot be derived from the very assumptions explicitly made by C-M. The reason is that their analysis fails to take into account the participation constraint of the agent when solving for the penalization rates of the contracts. We have proved that inflation bias is eliminated when both principals disagree over the output objective and the contracts designed by the government and the interest group link incentives, respectively, to inflation and output. This result is in sharp contrast to the one obtained by C-M, who claimed that the bias could not be removed in this setting. On the other hand, we have established that when both principals do not share the same inflation objective and design competing inflation contracts, the inflation bias may be positive, negative or null. This also contrasts with the conclusion of C-M who stated that, in this context, the sign of the bias would always be positive. We have explained that this (somewhat paradoxical) deflation bias, obtained in this last setting, can be explained in terms of what we have labeled the “competition eﬀect”. Namely, the attempt by each principal to pass the transfer costs on to its counterpart. This has prompted us to consider a regime where the competition eﬀect is oﬀset by providing the government with an additional strategic variable, namely, an inflation target à la Svensson (1997). We have also explored the case where both principals collectively design an incentive scheme, which has helped understand the results for the non-cooperative case and the role of the competition eﬀect. In this cooperative case we have concluded that the inflation bias is eliminated when principals disagree over the output objective. However, when the government’s inflation objective is null but the interest group’s is positive, this bias is also positive but smaller that the latter’. Finally, we discuss how the original assumptions of the model could be changed so as to salvage the results obtained by C-M. At first sight, one could be tempted to state that just by removing the assumption that the participation constraint is satisfied (and keeping the remaining assumptions of the model), the results claimed by C-M hold. However, this would imply that the fixed parts of both contract (t0 and τ 0 ) would be chosen to be minus infinity. The reason is that, in the paper by C-M, contracts are assumed to represent a cost to both principals. A way out of this unappealing result 14



requires changing more assumptions, for instance, that the fixed part of the contracts oﬀered by the government and the interest group (t0 and τ 0 ) are exogenous in the model. However, justifying this change of assumptions for the contract relation between the government and the central bank seems much easier than doing so for the incentive relation between the latter and the interest group. That is, even though it may seem reasonable to assume that in fact the central banker is not in a position to choose whether it participates or not in the contract oﬀered by the government and that the fixed part of this incentive scheme is exogenous for political reasons, applying these salvaging assumptions (in a symmetric way) to the contract oﬀered by the interest group seems more problematic. That is, additional arguments would be needed to explain: (a) why the central bank cannot choose whether it participates or not in the contract oﬀered by the interest group; and (b) why the fixed part of this contract is exogenous. However, a much deeper discussion about this (or an alternative) change of assumptions and its justification goes beyond the scope of this paper.
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6.1



Appendix 1



In Subsection 3.1 we saw that, when principals disagree over the output objective, the government solves the following problem: M in {t0 ,t}



s.t.



£ ¤ E LG (t, t0 , τ ∗ , τ ∗0 ) ¤ £ E ΛCB (t, t0 , τ ∗ , τ ∗0 ) ≤ C G ,



where C G is the expected loss obtained by the central bank if it rejects the incentive scheme. Doing so implies that the central bank either: ¤ £ i) only accepts the contract oﬀered by the interest group obtaining an expected loss E ΛCB (0, 0, τ ∗ , τ ∗0 ) . ii) or rejects both contracts, in which case its expected loss is normalized to zero (as in C-M). Therefore, since the central bank minimizes its expected loss, we have that: £ ¤ C G = min{E ΛCB (0, 0, τ ∗ , τ ∗0 ) , 0}.



(23)



Applying analogous reasoning to the problem faced by the interest group yields: £ ¤ C IG = min{E ΛCB (t∗ , t∗0 , 0, 0) , 0}, 15



(24)



where C IG is the expected loss obtained by the central bank if it does not accept the contract oﬀered by the interest group. On the other hand, we have shown that both participation constraints are binding (since the Lagrangian multipliers appearing in (22) are strictly positive). That is: ¤ £ E ΛCB (t∗ , t∗0 , τ ∗ , τ ∗0 ) = C G £ ¤ E ΛCB (t∗ , t∗0 , τ ∗ , τ ∗0 ) = C IG



(25) (26)



Therefore, from (25) and (26) we have that: C G = C IG = C



(27)



Now, in order to determine the equilibrium fixed part of both contracts, we need consider two cases: £ ¤ £ ¤ Case 1: C < 0, which implies that min{E ΛCB (0, 0, τ ∗ , τ ∗0 ) , 0} = min{E ΛCB (t∗ , t∗0 , 0, 0) , 0} =



C. Therefore, we have that in this scenario:



¤ £ E ΛCB (t∗ , t∗0 , τ ∗ , τ ∗0 ) = C £ ¤ E ΛCB (0, 0, τ ∗ , τ ∗0 ) = C £ ¤ E ΛCB (t∗ , t∗0 , 0, 0) = C



(28) (29) (30)



These three expressions can be transformed into (taking into account (11) and the values of t∗ and τ ∗ appearing in (21)): ¢ σ2 C σ2 z ¡ 2 + α +β ν − +β 2 ε , ξ ξ ξ (α + β) ξ ¢ σ2 C σ2 z ¡ , = (z − 2g) + α2 + β ν − + β 2 ε ξ ξ ξ (α + β) ξ ¡ ¢ z2 ¡ 2 ¢ σ2 σ2 C + α +β ν − +β 2 ε . = α2 + β ξβ ξ ξ (α + β) ξ



t0 + τ 0 = (z − 2g) τ0 t0



(31) (32) (33)



Since there is no vector (t0 , τ 0 ) that satisfies simultaneously conditions (31), (32) and (33), Case 1 cannot occur in equilibrium. £ ¤ C = 0. This condition implies that: a) min{E ΛCB (0, 0, τ ∗ , τ ∗0 ) , 0} = 0, that is, ¤ £ ¤ £ ¤ £ E ΛCB (0, 0, τ ∗ , τ ∗0 ) } > 0; and b) min{E ΛCB (t∗ , t∗0 , 0, 0) , 0} = 0, i.e., E ΛCB (t∗ , t∗0 , 0, 0) > 0. As Case 2:
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a result we have that: ¤ £ E ΛCB (t∗ , t∗0 , τ ∗ , τ ∗0 ) = 0 £ ¤ E ΛCB (0, 0, τ ∗ , τ ∗0 ) > 0 £ ¤ E ΛCB (t∗ , t∗0 , 0, 0) > 0



(34) (35) (36)



These three expressions can be transformed into (taking into account (11) and the values of t∗ and τ ∗ appearing in (21)): ¢ σ2 σ2 z ¡ 2 + α +β ν +β 2 ε , ξ ξ (α + β) ξ ¢ σ2 σ2 z ¡ , 6 (z − 2g) + α2 + β ν + β 2 ε ξ ξ (α + β) ξ ¡ ¢ z2 ¡ 2 ¢ σ2 σ2 + α +β ν +β 2 ε . 6 α2 + β ξβ ξ (α + β) ξ



t0 + τ 0 = (z − 2g) τ0 t0



(37) (38) (39)



Therefore, the equilibrium values of the fixed parts of the contracts are the ones that satisfy these three conditions (i.e., these fixed parts make the participation constraints hold as equalities given the values of t∗ , τ ∗ appearing in (21)). To sum up, any vector of equilibrium contracts, (t∗ , τ ∗ , t∗0 , τ ∗0 ), satisfies the following requirements: (a) the government’s (interest group’s) marginal rate of substitution between t and t0 (τ and τ 0 ) is equal to the central bank’s; and (b) the two participation constraints of the central bank are binding. In other words, since requirements (a) and (b) are obtained from the first-order conditions of the problems solved by the two principals, any vector of equilibrium contracts that satisfies expressions (21) and (37)−(39) is a Nash equilibrium. Namely, the variables that shape the contracts are optimally chosen by each principal taking as given the election made by the other principal. Notice that the equilibrium is not unique. However, since the all equilibriums contain the same vector of penalty rates, (t∗ , τ ∗ ) (whose coordinates appear in (21)) and this two-dimensional vector is unique, the result expressed in Proposition 1 is not ambiguous. To wit, contrary to the conclusion of C-M, when the central banker is oﬀered an inflation contract by the government and an output contract by the interest group, the inflation bias is eliminated. Notice that the analysis by C-M also yields multiple equilibriums, but they are not Nash equilibriums because the penalty rates are obtained by solving a free optimization problem (i.e., they do not fulfill the two requirements for an optimal solution referred to in the previous paragraph).
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Similarly, for each of the two settings analyzed in Subsection 3.2 it can be checked that, even though the vector of equilibrium values of the fixed part of the contracts does not satisfy uniqueness, the vector of the penalization rates does, which also gives precision to the results contained in propositions 2 and 3.



6.2



Appendix 2



Proof of proposition 2: π − π) into (4) and (5) and setting yg = y ∗ , we have that the objective Plugging τ ρ(.) = τ 0 − τ (b functions of the principals and the agent can be restated as: £ ¤ (y − y ∗ )2 + βπ 2 + φ [t0 − tπ] , i h = (y − y ∗ )2 + b (π − π b)2 + ψ [τ 0 − τ (b π − π)] , ¤ £ = (y − y ∗ )2 + βπ 2 − ξ [(t0 − tπ) + (τ 0 − τ (b π − π))] .



LG = LIG ΛCB



(40) (41) (42)



In this scenario, we apply reasoning analogous to the one used to solve the game considered in the subsection 3.1. Therefore, in the last stage, the central banker chooses the value for m that solves: M in {m}



s.t.



£ ¤ π − π))] (y − y ∗ )2 + βπ 2 − ξ [(t0 − tπ) + (τ 0 − τ (b ⎧ ⎨ y = yn + α(π − π e ) + ε, ⎩ π = m + ν − γε.



The solution to this problem is: µ ¶ µ ¶ ¶ µ ¶ µ α α2 ξ α e ε+ m + z+ (τ − t) . m= γ− 2 α +β α2 + β α2 + β 2 (α2 + β) Previously, the private sector takes rational expectations in (43) which results in: µ ¶ µ ¶ ξ α e e m =π = z+ (τ − t) . β 2β



(43)



(44)



Substituting expression (44) into equation (43), plugging the resulting expression into (2) and solving for π, we obtain: π=



µ ¶ µ ¶ µ ¶ α ξ α z+ (τ − t) + v − ε. β 2β α2 + β



(45)



Now, in the first stage, the government and the interest group choose the values of the variables that define the two contracts designed by them. In order to do so, we write the expected loss functions for 18



the government, the interest group and the central banker in terms of the strategic variables of the two principals, that is, t0 , t, τ 0 and τ . With this aim, first we substitute (1) into (40), (41) and (42). Then, we plug the values of π e and π (appearing in equations (44) and (45)) into the resulting three expressions for LG , LIG and ΛCB . The expected values of these loss functions are: ¡ ¢ ξ 2 2 (ξ + φ) αz (2φ + ξ) ξ 2 (ξ + φ) ξ αzξ τ+ τ − t+ t − τ t + C2 , (46) E LG = φt0 + β 4β β 4β 2β ¢ ¡ (zα − π bβ) (ξb + ψβ) (2ψβ + ξb) ξ 2 (zα − π bβ) bξ E LIG = ψτ 0 + τ+ τ − t+ 2 2 β 4β β2 bξ 2 (ξb + ψβ) ξ + 2 t2 − τ t + C3 , (47) 4β 2β 2 ¡ ¢ ξ2 2 ξ2 2 ξ2 τ − t + τ t + C0 , E ΛCB = −ξ (τ 0 + t0 ) + ξb πτ − (48) 4β 4β 2β ¶ µ ³ 2 2 3 ³ ´ ´ ¡ 2 ¢ z2 α2 (β+α4 +2α2 β ) 2α β +β +3βα4 +α2 β+α6 β 2 2 where C2 = σ ν + α2 +β σ ε + α + β β and C3 = b + (α2 +β)2 (α2 +β)2 ³ 2 2´ ¡ ¢ 2 α b+β σ 2ν + (α σ 2ε + α2 b + β 2 βz 2 − 2b πβe αz + π b2 b. 2 +β)2 Now, moving up to the first stage of the game, the problem to be solved by the government is : M in {t0 ,t}



s.t.



¡ ¢ E LG



0



E(ΛCB ) ≤ C G ,



From the Kuhn-Tucker first-order conditions one obtains the government’s reaction function: t=



ξ 2αz + τ. ξ φ+ξ



(49)



On the other hand, the interest group is faced with the following problem: M in



{τ 0 ,τ }



s.t.



¢ ¡ E LIG



0



E(ΛCB ) ≤ C IG ,



Solving the first-order conditions, yields the interest group’s best response penalty: τ =−



2βbb π ξb 2αz + + t. ξ βψ + ξb βψ + ξb



(50)



Therefore, reaction functions (49) and (50) intersect when: π ξbαzφ + ψβαzφ + βξ 2 bb , ξ (ξbφ + ψβφ + ξψβ) π − ψαzφ + qξ 2 b − zαξψ β φξbb . = 2 ξ ξbφ + ψβφ + ξψβ



t = 2



(51)



τ



(52)
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Now, substituting (51) and (52) into (45) yields: φ (ξbb π − ψαz) +v− π= ξbφ + ψβφ + ξψβ



µ



α α2 + β



¶



ε,



(53)



whose expected value may be positive, negative or null. More precisely, the inflation bias is eliminated ψαz bξ ;



when π b is equal to



6.3



Appendix 3



and this bias is positive (negative) when π b is greater (smaller) than



ψαz bξ .



Proof of proposition 3: In this case, solving the game as above results in the following value for expected inflation: E(π) = φ



π − ψαz βψπ T + bξb . ψβφ + ψβξ + bξφ



(54)



Now consider that the government sets the following inflation target for the central bank: π ∗T =



ψαz − bξb π . ψβ



(55)



In this case, plugging (55) into (54) shows that expected inflation is equal to zero, i.e., no inflation (or deflation) bias is present.



6.4



Appendix 4



Proof of proposition 4: Key expressions are obtained by setting in the relevant equations for the non-cooperative case ((7)-(11)): τ = τ 0 = 0 (since there is no output contract) and t = c, t0 = c0 (just for the sake of a change of notation of the inflation contract in cooperative case). Doing so yields: π



e



=



π = E[LC ] = £ ¤ E ΛCB =



µ ¶ ξ α z− (c) , (56) m = β 2β µ ¶ α ξ ε z− (c) + v − α 2 , (57) β 2β α +β £ ¤ £ ¤ αz (β (ξ + φ) + bξ) ξ (β (ξ + 2φ) + bξ) 2 E LG + E LIG = φc0 − c+ c + C0 + C(58) 1, 2 β 4β 2 ξ2 2 c + C0 . (59) −ξc0 − 4β e
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Taking into account that the expected loss obtained by the central banker if not being appointed to oﬃce is, as in C-M, normalized to zero (C C = 0) the problem to be solved is: £ ¤ £ ¤ E[LC ] = E LG + E LIG £ ¤ E ΛCB ≤ 0,



M in



{c0 ,c}



s.t.



£ ¤ £ ¤ where E LC and E ΛCB appear in (58) and (59). Solving the initial Kuhn-Tucker first-order



conditions for the Lagrangian multiplier yields: C



µ =



∂E (LC ) ∂c0 − ∂E(Λ CB ) ∂c0



=



∂E (LC ) ∂c − ∂E(Λ CB ) . ∂c



(60)



Rearranging: ¯ ∂c0 ¯¯ = ∂c ¯E(LC )=E(LC )



∂E (LC ) ∂c ∂E(LC ) ∂c0



∂E (ΛCB ) ∂c ∂E(ΛCB ) ∂v0



=



Now, we have that marginal rates of substitution are:



¯ ∂c0 ¯¯ = . ∂c ¯E(ΛCB )=E(ΛCB )



¯ ∂c0 ¯¯ αz (ξβ + βφ + bξ) (ξβ + 2βφ + bξ) ξc = − , ¯ ∂c E(LC )=E(LC ) β 2φ 2β 2 φ ¯ ∂c0 ¯¯ ξc = − . ∂c ¯E(ΛCB )=E(ΛCB ) 2β



(61)



(62) (63)



Therefore equating these two expressions and solving for c yields: c=



2αz . ξ



(64)



³ ´ Since the Lagrangian multiplier is positive µC = φξ > 0 , in order to obtain the value of c0 we equate £ ¤ to zero the expression for E ΛCB appearing in (59), substitute C0 for the expression appearing



inmmediately before Proposition 1 and plug (64) into the resulting equation which yields: ¡ ¢ ¡ ¢2 z 2 β + α2 + σ 2ν β + α2 + βσ 2ε c0 = . (α2 + β) ξ



(65)



Notice that in contrast to the non-cooperative case this fixed part of the contract is unique. However, as in that scenario, in the cooperative one this fixed part keeps on being irrelevant for determining the inflation bias (since c0 does not appear in (56)). Therefore, the inflation bias is obtained in this cooperative case by just plugging the value of the penalty c (appearing in (64)) into (56), yielding a null value. Hence, the inflation bias is eliminated. 21



6.5



Appendix 5



Proof of proposition 5: As in Appendix 4, some important expressions are obtained by setting in the relevant equations for the non-cooperative case ((44)-(48)): τ = τ 0 = 0 and t = c, t0 = c0 , yielding: µ ¶ µ ¶ ξ α e e z− (c) , (66) π = m = β 2β µ ¶ µ ¶ µ ¶ α ξ α π = z− (c) + v − ε, (67) β 2β α2 + β £ ¤ £ ¤ £ ¤ bξβb π − zα (ξβ + φβ + bξ) ((2φ + ξ) β + bξ) ξ 2 E LC = E LG + E LIG = φc0 + c+ c + C2 + (68) C3 , 2 β 4β 2 £ ¤ ξ2 2 c + C0 . E ΛCB = −ξ (c0 ) − (69) 4β Taking into account that the expected loss to the central banker of not being appointed to oﬃce



is, as in C-M, normalized to zero (C C = 0) the problem to be solved is: M in



{c0 ,c}



s.t.



£ ¤ E LC £ ¤ E ΛCB ≤ 0,



£ ¤ £ ¤ where E LC and E ΛCB appear in (68) and (69). Using a similar procedure as the one in Appendix 4, we obtain the marginal rates of substitutions: ¯ ∂c0 ¯¯ αz (ξ + φ) (αz − π bβ) bξ (ξβ + 2βφ + bξ) ξc − , = + ¯ 2 ∂c E(LC )=E(LC ) φβ β φ 2β 2 φ ¯ ∂c0 ¯¯ ξc = − . ¯ ∂c 2β CB CB E(Λ



)=E(Λ



(70) (71)



)



Therefore equating these two expressions and solving for c yields: c=



2 (αzβ (ξ + φ) − ξb (b π β − αz)) ξ (ξβ + bξ + βφ)



(72)



£ ¤ In order to obtain the value of c0 we equate to zero the expression for E ΛCB appearing in (69) (again,



because the Lagrangian multiplier is strictly positive) and plug (72) into the resulting equation which yields: c0 =



π (2αzβξ + 2αzβφ + 2bαzξ − bξβb π) C0 α2 z 2 bb − + . 2 ξ ξβ (ξβ + βφ + bξ)



(73)



The inflation bias is obtained by plugging the value of the penalty c (appearing in (72)) into (66), yielding: πe =



bξ π b>0 ξβ + bξ + βφ 22



This value is positive (since π b > 0) but smaller than π b (because



bξ ξβ+bξ+βφ



< 1). In other words, the



inflation bias is positive but smaller that the interest group’s inflation objective.
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