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Abstract This paper assesses the quantitative impact of monetary policy in heterogeneous agents models with incomplete markets. The introduction of credit constraints is found to significantly challenge the traditional results of the neutrality of money. Moreover, this heterogeneous agents framework opens new scope for the analysis of the eﬃciency-equity trade-oﬀ raised by monetary policy.
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Introduction



Since Sidaursky (1974) at least, it is well-known that in textbook macroeconomic frameworks with infinitely living agents, long run inflation has no eﬀect on real variables but it has an unambiguous negative eﬀects on the welfare of a representative agents (Lucas (2000)). This article provides theoretical and quantitative evidence that these results no longer hold when private agents face credit constraints. Indeed, with a realistic amount of credit constraints agents, inflation aﬀects capital accumulation and has diﬀerent welfare eﬀect depending on the level of wealth of each household and on the stringency of credit 1



constraints. The fact that inflation aﬀects real variables when credit constraints are binding should not come up as a surprise. Indeed, in this case, agents cannot smooth optimally their consumption. Hence, the inflation tax aﬀects directly credit constrained households who modify their consumption and money holdings. Then, all households, who anticipate this eﬀect, modify their saving behavior. Since Weiss (1980) and Weil (1991), it is known that inflation aﬀects real variables in the long run in non Ricardian OLG framework for the very same reason. Our paper extends and quantify these results in a framework based on heterogenous agents facing credit constraints. The model is basically a framework à la Aiyagari (1994), where money demand is modeled by the introduction of money in the utility function, with the standard expression used by Chari, Kehoe and McGrattan (2000). We make new inroads on both the positive and the normative side of monetary policy. On the positive side, we disentangle two new channels through which inflation aﬀects long run savings and economic variables, and which only arises from the presence of credit constraint. The first one is the so-called Tobin eﬀect (Tobin, 1965), according to which higher level of inflation induces people to increase their level of asset holdings at the expense of real money balances whose purchasing power decreases. This first eﬀect was expected by Tobin to increase the average capital stock but has not been quantified so far in the presence of credit constraints. The second eﬀect comes from the redistribution of revenue of the inflation tax. If it is redistributed such that it provides some revenue to credit constraints agents, it will aﬀect the saving behavior of all other households. This eﬀect will be all the more important that credit constraints are tightening. In addition to these two new eﬀects due to borrowing constraints, inflation might have a long run eﬀect stemming from distorting tax on capital. Indeed, if the revenue from the inflation tax is used to decrease the revenue from distorting taxes on capital, it aﬀects the saving behavior of households in the long run. This eﬀect - which is not specific to credit constraints - has first been stressed by Phelps (1973) and has been studied in various frameworks (Chari, Christiano and Kehoe, 1996 among others). Because of these eﬀects, inflation aﬀects long run savings, and hence the equilibrium interest rate and real wages. Naturally such economic outcomes are not neutral in terms of welfare and might have key redistributive eﬀects. So far the literature has mainly focused on the average welfare by restricting to principal agent framework (Lucas, 2000 ) or abstracting from the eﬀect of credit constraints (Erosa and Ventura, 2002). Yet, inflation might have diﬀerent eﬀects depending whether agents are borrowing constrained and cannot make intertemporal transfers. Moreover, to the extent that inflation has general equilibirum price eﬀects on wages and interest rates, it is likely to have diﬀerent welfare eﬀects on
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households depending on the composition of their portfolio between real money assets and financial assets. To that regard, inflation aﬀects the income of the wealthiest which is mainly made up of asset holdings and the income of the poorest which mainly hinges on wages. Thus inflation has a direct eﬀect on inequality. This paper provides a quantification of these eﬀects by carefully calibrating the model on the United Stated and matching the observed wealth heterogeneity and the fraction of people borrowing constrained. The result of the benchmark calibration is that inflation increases private savings, because of the Tobin eﬀect and of the redistributive eﬀect of the inflation tax. It decreases the real interest rate and hence the income of the wealthiest, and increases real wages and the income of the poorest. Hence, inflation decreases inequality of wealth and consumption1 . As a direct consequence, inflation increases the static utility of the poorest and decreases the utility of the wealthiest. These results are the outcome of the various eﬀects presented above, which are quantitatively estimated. Section 2 presents the model and presents the expected eﬀect of inflation to be measured. Section 3 presents the result.
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The Model



The economy we consider builds on the traditional heterogeneous agents framework à la Aiyagari (1994). This is an incomplete markets economy with stochastic individual risks and borrowing constraints. The key new feature is the introduction of money demand and monetary policy in this framework.



2.1



Household problem



The economy consists of a unit mass of ex ante identical and infinitely-lived households. Individuals are subject to idiosyncratic shocks on their labor productivity et . Markets are incomplete and no borrowing is allowed. In lines with Aiyagari (1994), they can self-insure against employment risks by accumulating a riskless asset k which yields a return rt . But they can also accumulate real money assets m,which introduces a new channel compared 1



Some empirical papers have already tried to quantify the empirical eﬀect of inflation on inequality



with mixed result (see the survey by Galli and Hoeven (2001)). In the US, inflation seems to have been a progressive tax during the last 5 decades (Mocan, 1999). On the theoretical side, the results heavily depend on the assumption regarding the progressive or regressive nature of the inflation tax (Erosa and Ventura,2002).
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to the previous heterogeneous agent literature. For the sake of generality, we follow the literature which introduces directly money in the utility function of private agents to summarize the liquidity services it oﬀers. If the price level of the final good at period t is denoted Pt , the gross inflation rate between t . If an household holds a real amount mt of money period t − 1 and period t is Πt = PPt−1 t . As long at the end of period t − 1, the real value of her money balances at period t is m Πt 1 as Πt > 1+rt , money is a strictly dominated assets, but which will be demanded for its liquidity services. Households are not allowed to borrow and can not issue some money. As a consequence, the demand for final goods, the demand for financial assets and for money satisfies at each period t, ct ≥ 0, at ≥ 0, mt ≥ 0 The preferences over the streams of consumption of final good and of money is given by E0



∞ X



β t u (ct , mt )



t=0



It will be assumed that the utility function has a simple form used by Chari, Kehoe and McGrattan (2000), among others ∙³ η ¸ ´ η−1 η−1 η−1 u (c, m) = ln ωc η + (1 − ω) m η where η > 0. The economic signification of all coeﬃcient will be made clear below. The budget constraint of households at each period is, ct + at+1 + mt+1 = (1 + rt ) at + wt et +



mt Πt



The value rt is the after-tax return on financial assets, et is the productivity level of the worker at period t, and wt is the after-tax revenue on labor. For the sake of realism, we assume that there is a linear tax on private government income. The tax rate on capital at period t is denoted χat and the tax rate on labor is ˜t and w ˜t are the revenue of capital and labor paid by denoted χw t . As a consequence, if r the firms, the returns for households satisfy the following relationship rt = r˜t (1 − χat )



wt = w ˜t (1 − χw t ) The solution of the problem of households is given by a sequence of function mt , at , ct which maximizes expected utility given the sequence of budget constraints, and the after tax wages wt , the real interest rate rt and the gross inflation rate Πt . There is no aggregate uncertainty. As a consequence, r and Π are deterministic. 4



Using standard dynamic programming arguments, the problem of the households can t+1 the total wealth be written in a recursive form. Denoting qt+1 = (1 + rt+1 ) at+1 + m Πt+1 of the household in period t + 1, we can rewrite the individual program in the following recursive way: v (qt , et ) =



max



{ct ,at+1 ,mt+1 }



u (ct , mt+1 ) + βE [v (qt+1 , et+1 )]



Subject to ct + at+1 + mt+1 = qt + wt et mt+1 Πt+1 ≥ 0, ct ≥ 0, mt+1 ≥ 0



qt+1 = (1 + rt ) at+1 + at+1



Since the eﬀect of inflation on individual behavior heavily depends on whether the credit constraints are binding, we distinguish two cases: • Not Binding credit constraints In this case, the first order condition reads as follows: u0c (ct , mt+1 ) = β (1 + rt+1 ) E [v10 (qt+1 , et+1 )] ¶ µ 1 0 um (ct , mt+1 ) = β 1 + rt+1 − E [v10 (qt+1 , et+1 )] Πt+1 Let define the real cost of money holdings γ t+1 by: γ t+1 ≡ 1 −



1 1 Πt+1 (1 + rt+1 )



This indicator measures the opportunity cost to hold money. When the after-tax nominal n n interest rate r˜t+1 , defined by 1 + rt+1 = Πt+1 (1 + r˜t+1 ) is small, then one can check that n . With this notation and the expression of the utility function given above, γ t+1 ' rt+1 the first order conditions yield ¶η µ 1−ω 1 mt+1 = ct ω γ t+1 The coeﬃcient −η represents the interest elasticity of money demand. The coeﬃcient ω scales the level of the money demand. An increase in γ yields diﬀerent eﬀect for unconstrained agents, because money is both “consumed” for liquidity services and it is also a financial asset. First, an increase in γ yields a substitution of consumption toward more final goods and less money. But, 5



a decrease in the return for money yields a decrease in revenue the next period. To understand the eﬀect of the cost of money on savings, first, assume that qt , rt and v are constant. In this case, everything else being equal, the financial savings at+1 increases with γ t+1. (see Appendix). This result is the Tobin eﬀect for unconstrained agents. This result is not at odds with the neutrality of money at the general equilibrium when changes in income are taken into account. In this case, the revenue of private agents is also aﬀected by inflation and oﬀset the former eﬀect, such that savings are invariant towards inflation. • Binding credit constraints When the household problem yields a value for financial savings which is strictly negative, credits constraints are binding and the first order condition reads u0c (ct , mt+1 ) > β (1 + rt+1 ) E [v10 (qt+1 , et+1 )] In this case, the problem of the households can be simplified as v (qt , et ) =



max u (ct , mt+1 ) + βE [v (qt+1 , et+1 )]



{ct ,,mt+1 }



ct + mt+1 = qt + wt et mt+1 qt+1 = Πt+1 which yields the following expression for the value function: ¶¸ ∙ µ mt+1 i ,e v (qt , et ) = max u (qt + wt et − mt+1 , mt+1 ) + βE v mt+1 Πt+1 t+1 The first order condition reads as follow u0c



(ct , mt+1 ) −



u0m (ct , mt+1 )



¶¸ ∙ µ ¡ ¢ mt+1 i 0 = 1 − γ t+1 (1 + rt+1 ) βE v ,e Πt+1 t+1



(1)



Money demand has no simple expression. The static trade-oﬀ between demand for money and demand for consumption appears at the left hand side. If money where not a store of value, this expression would be equal to 0. But, as money allows to transfer revenue to the next period, it creates an additional motive to demand money. Indeed, for very general values of the parameter the left hand side is increasing in mt , as it is proven in appendix. As a consequence, the additional motive to save is a decreasing function of γ t+1 .
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2.2



Firm Problem



We assume that all markets are competitive and the only good consumed is produced by a representative firm with an aggregate Cobb-Douglas technology. Let Kt and Lt stand for aggregate capital and aggregate employment rate respectively. It is assumed that capital depreciate at a constant rate δ. As there is no aggregate uncertainty, aggregate employment and, more generally, aggregate variables are constant. The output is given by 0 
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