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1. Introduction
The welfare analysis of the monetary policy has been in the centre of macroeconomics since the Great Depression. Empirical observations of the Phillips curve suggest that prices are sticky in the short run and, therefore, the monetary policy may be used to smooth the business cycle and increase social welfare. 

In an open economy where foreign shocks may be passed into the domestic economy the task of the monetary policy becomes even more complicated. Under high pass-through of exchange rate onto the domestic prices, monetary policy stops to be independent and should adjust to exchange rate shocks. Such a policy of smoothing exchange rate fluctuations is common in western economies (e.g. [Parsley, Popper, 1998]).

The problem of optimal monetary policy is extremely relevant for Russia. Although the monetary authority claims that inflation targeting is the main goal of the monetary policy, empirical finding suggest that the real exchange rate targeting is of major importance [Vdovichenko, Voronina, 2004]. Due to the rising flow of petrodollars, Rouble is experiencing significant real appreciation recently. But the fear to loose exports makes the monetary authority respond to this real appreciation by accumulating dollar reserves and increasing the money supply, thus preventing the nominal appreciation. Such policy leads to high inflation and benefits of some interested groups at the expense of others. That is why the optimal degree of intervention is in the centre of all political and economic discussions nowadays. 

Recent empirical literature finds that prices are more sticky downwards than upwards. This effect it called «asymmetric price rigidity» and may result from money illusion of workers, collusive behaviour of firms or search behaviour of consumers. Therefore, in this paper we propose a model in which we assume downward price rigidity and determine the optimal monetary policy in case of positive and negative exchange rate shocks. We claim that while depreciation of the domestic currency should be accompanied by a significant rise in the interest rate, its appreciation of the same size should be accompanied by a much smaller cut in the interest rate. Then we test this claim on the Russian data.

2. The Model of the Optimal 
Monetary Policy
2.1. Set-up of the Model
In this section we lay out a simple stochastic sticky price model for a small open economy which is similar to the New Keynesian closed economy model popularized by Clarida, Gali and Gertler (1999).

The demand side of an economy is represented by a forward-looking IS-type equation of the following form:
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where yt is the output gap, it is the nominal interest rate, qt is the real exchange rate, an increase in which means real depreciation of the domestic currency, (1t is a demand shock (e.g. government expenditure shock), which is assumed to be normally distributed with the mean of zero, and a, b and c are positive coefficients. 

The supply side of the economy is presented by a New Keynesian Phillips curve. In order to derive it, we distinguish between two types of firms in the economy. 

Firms of the first type are importing firms and they set prices according to the Law of One Price:
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where Pit and Pit* are domestic and foreign prices of the i-th import good respectively and St is the nominal exchange rate. Aggregating (2) over all such firms and log-linearizing, we obtain the following relationship for the inflation in this «full pass-through» (FPT) sector of the economy:
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Firms of the second type are either local firms or importing firms, which adopt a pricing-to-market strategy. This means that the pricing decisions of these firms are not affected by exchange rate considerations, implying zero pass-through, but are affected solely by local economic conditions. We assume that these firms set prices in a staggered fashion a la Calvo model (1983). Aggregating the pricing decisions of the firms of the second type and log-linearizing about the steady state, we obtain the relationship for inflation in this «pricing-to-market» (PTM) sector of the economy: 
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where the parameter d depends negatively on ( and, hence, captures the degree of price stickiness. 
To derive a Phillips curve for our economy with two types of firms we assume that there is a share e of the firms of the first type and a share (1 – e) of the firms of the second type. Then the overall inflation is:


[image: image5.wmf].

)

1

(

PTM

t

FPT

t

t

e

e

p

p

p

-

+

=




(5)

Substituting (3) and (4) into (5) and using the following relationship for the real exchange rate:
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we obtain the following version of a New Keynesian Phillips curve for the eco-nomy:
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(6)

This Phillips curve is different from the ones used in the literature since it explicitly shows the degree of pass-through onto the domestic inflation, measured by the coefficient e/(1 – e). The higher is the share of first-type firms e, the higher is the pass-through effect in an economy. 

So, there are two reasons for price stickiness in our model: incomplete pass-through measured by parameter e (the higher is e, the further the curve shifts as a result of exchange rate changes) and staggered pricing measured by parameter d.

The equilibrium in the economy is described by the system of IS and Phillips curves holding simultaneously.

To complete the model, we assume that the real exchange rate follows non-stationary AR(1) process (a random walk):
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where (t is a normally distributed shock with the mean of zero. Such specification is close to reality, since real exchange rates are often observed to be non-stationary. For example, a unit root test for the real exchange rate of Russian rouble did not allow us reject the null hypothesis of a unit root even on 1% confidence level.
2.2. Optimal Monetary Policy 
under Discretion
As has become common in the literature on optimal monetary policy, we assume that the monetary authority minimizes the following loss function:
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Substituting the Phillips curve (6) into the loss function (8) and making use of (7) and minimizing with respect to (t we obtain the following reaction function of optimal inflation to expected inflation:
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Taking expectations of both sides of (9), solving for expected inflation and substituting it back into the reaction function, we obtain the expression for the equilibrium inflation, which minimizes the losses of society:
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We see that in order to minimize social loss, inflation should be adjusted to exchange rate and supply shocks. It should be noticed that there is no dynamic inconsistency here since expected inflation equals the target inflation and there is no incentive to deviate from this target unless there are some unexpected shocks.

Substituting (10) into (6) we find the equilibrium output gap:
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The final step is to derive the optimal instrument rule where the real interest rate serves as an instrument for monetary policy. To do this we substitute (11) into the IS curve (1) and solve for r:
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This rule states that in order to minimize the social losses the real interest rate should be adjusted to all types of shocks in the economy: exchange rate shock, supply shock and demand shock – with positive coefficients. This means, for example, that positive shocks, being inflationary, should be accompanied by a contractionary monetary policy, leading to negative output gap and lower equilibrium inflation, than what would be without intervention.

Fig. 1 illustrates the optimal reaction of the real interest rate to a positive exchange rate shock (t, assuming that demand and supply shocks equal zero.
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Fig. 1. Monetary policy reaction to a positive exchange rate shock
Assume that initially the economy is at point A with the target inflation and zero output gap. The corresponding interest rate is r0. An unexpected positive exchange rate shock (depreciation of the domestic currency) shifts the Phillips curve upwards due to pass-through effect and shifts the IS curve rightwards due to higher net export. If the interest rate is not adjusted, the economy will move to point B with positive output gap and very high inflation. The corresponding losses of society can be illustrated by the circle coming through point B. We can see that in order to minimize social losses the interest rate should be increased to r1 so that the economy comes to point C. So, a contractionary monetary policy is desirable in case of depreciation of domestic currency. By the same logic, a negative exchange rate shock should be accompanied by a reduction in the interest rate meaning expansionary monetary policy.

Proposition 1. The optimal monetary policy should react to the exchange rate movements and should counteract the exchange rate changes reducing pass-through onto domestic prices. The adjustment in the interest rate should be more significant if:

· pass-through effect is higher (parameter e/(1 – e) is higher);

· prices are less sticky (parameter d is higher, provided that 
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);

· elasticity of consumption with respect to interest rate is lower (parameter b is lower);

· the government cares less about output gap (parameter ( is lower).
Proof. To prove this we differentiate the coefficient in front of the exchange rate shock in equation (12) with respect to each of the parameters and determine the signs of the corresponding derivatives. 

The above analysis assumes that prices are symmetrically rigid upwards and downwards. But the empirical evidence convincingly suggests that prices are more rigid downwards than upwards. Such asymmetric price rigidity can be captured by two parameters in our model: d and e. First, parameter d may be higher for upward changes in prices than for downward ones. This will result in a kink of the Philips curve at zero level of inflation. Secondly, pass-through may be lower in cases of appreciation of domestic currency than in cases of depreciation (as reported in [Dobrynskaya, Levando, 2005]) as more firms may adopt pricing-to-market strategy instead of reducing their prices. Also the model of Devereux and Yetman (2003) suggests that lower pass-through is associated with higher price stickiness and visa versa. Asymmetric pass-through will result in unequal shifts of the Phillips curve due to a positive and a negative exchange rate shocks of the same size. 

So, the expression for the Phillips curve under asymmetric price rigidity will be the following:
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where 
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Minimizing the social loss function (8) subject to the Phillips curve (14) and using the IS curve (1) we obtain the following optimal interest rate rule assuming zero target inflation:
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Fig. 2 analyses the optimal monetary policy in cases of a positive and a negative exchange rate shocks of the same size under asymmetric price rigidity.
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Fig. 2. Monetary policy reaction under asymmetric price rigidity
The kinked Phillips curve shifts further as a result of a positive exchange rate shock than a negative one due to asymmetric pass-through effect. In case of a positive shock the loss minimizing point is point C, which corresponds to an increased interest rate to ru. In case of a negative shock the optimal point is point D. To reach this point interest rate should be reduced, but the magnitude of the change should be much less. The same conclusion will be true for positive target inflation, although the difference in required interest rate changes will be less significant.

Proposition 2. Under some conditions, the optimal monetary policy is asymmetric depending on appreciation or depreciation of the domestic currency. The degree of monetary intervention should be higher in case of a positive exchange rate shock than in case of a negative one of the same size due to higher downward price rigidity and lower downward pass-through. 

Proof. Recall from the proof of the proposition 1 that the derivative of the coefficient in front of the exchange rate shock in equation (12) with respect to pass-through effect (e/(1 – e)) is positive and the derivative of the same coefficient with respect to price flexibility (d) is also positive, provided that 
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. Since is it assumed that pass-through effect and price flexibility are higher in case of an inflationary shock than in case of a deflationary one, the adjustment in the interest rate should also be higher. 

This result is new to the Keynesian literature and has interesting practical implications for the conduct of the monetary policy. It predicts that in order to minimise the social losses, the monetary authority should determine not only the direction of the required policy instrument change, but also its magnitude depending on the sign of a shock. If the monetary policy rule is specified so that it does not take into account such asymmetries, then following this rule may result in the equilibrium inflation and output gap, which are far from optimal. 

Our model predicts that in a country with high pass-through, rather flexible prices and low sensitivity of consumption to interest rate monetary policy should adjust to exchange rate changes asymmetrically in order to minimize the losses of society. The next section of the paper is devoted to empirical tests of the prescriptions of the model on the Russian data.

3. Empirical Estimations
3.1. Data
We perform our analysis for Russia during the period from January 2003 till May 2005. The following monthly logarithmic time series are used: 

Endogenous variables:

Consumer prices (p). This is Laspeyres-type CPI. The source of the data is monthly journal «Socio-economic performance of Russia» published by Rosstat (State Statistical Committee of Russian Federation).

Money supply (m) is aggregate M2, provided by Rosstat.

Nominal effective exchange rate (neer) is trade-weighted exchange rate of rouble, an increase in which means depreciation of rouble against a bucket of currencies. The source is International Financial Statistics.

Exogenous variables:

Real income (ry) is seasonally adjusted real money income of population, published by Rosstat. The base period is December 1992.

Price of oil (oil) is the price of crude oil in USA, measured in cents per barrel. Source: Energy Information Administration Monthly Energy Review, July 2005.

All time series have been tested for stationarity. ADF test has not allowed us reject the hypothesis of a unit root. But the unit root hypothesis has been rejected for the first differences. Therefore, we treat the data as non-stationary I(1) processes.

3.2. Monetary Policy Analysis
According to our model, monetary policy should react to exchange rate changes and a real appreciation of the domestic currency should be accompanied by expansionary monetary policy, while a real depreciation should be accompanied by a contractionary one. Moreover, our model predicts that the change in the instrument should be higher in case of depreciation of domestic currency than in case of appreciation due to asymmetric price rigidity.

To perform a formal test of asymmetric monetary policy, we include a dummy variable d, which equals 1 in case of rising exchange rate (depreciation) and 0 otherwise, into the following VEC model:
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where yt is a vector of endogenous variables (p, m, neer), xt is a vector of exogenous variables (ry, oil), (t-1 is a series of lagged residuals obtained from cointegration of the endogenous variables, (t is an error term and A, B, E, C and D are coefficient matrices.

We are primarily interested in the sign and significance of the coefficient of d∆neert–1 in the equation for money supply. This coefficient was estimated to be positive with t-statistics of 1,78. This means that monetary policy is indeed asymmetric and inflationary. 

The next step is to estimate responses of money supply to exchange rate impulses. We build impulse response functions separately for a positive shock, taking into account the dummy coefficient, and a negative shock. Each shock is normalised to 1 by absolute value. We find that money supply is increased by 3 after a negative shock. This confirms our hypothesis that Rouble appreciation is accompanied by an increase in money supply. But after a positive shock money supply also rises by 2,18 while in the symmetric case it should fall by 3. 

The test formally shows that monetary policy of the Central Bank of Russia is asymmetric: money supply rises irrespectively of a change in the exchange rate. Such policy is too inflationary and leads to higher social losses in case of depreciation of Rouble. In order to fight inflation and increase social welfare money supply should fall significantly in cases of Rouble depreciation, but rise insignificantly in case of Rouble appreciation. The extent of the optimal intervention depends on the degree of price stickiness in the economy. But since prices are more sticky downwards than upwards, it is not so important to intervene the FOREX market in cases of Rouble appreciation. Since at present Rouble is experiencing significant real appreciation, Central Bank of Russia should not take that much attention to its targeting as it does. If the Central Bank continues its present policy of preventing nominal appreciation of Rouble by accumulation of foreign currency reserves, rising money supply will only lead to persistent inflation and higher social losses.

4. Conclusion
In the environment of rising oil prices and appreciating Rouble, Russian monetary policy faces a clear trade-off between loss of export and inflation. Therefore, the debate on to what extent monetary policy should be employed in managing nominal exchange rates has been in the centre of many political and economic discussions in Russia recently. 

According to our model, the optimal degree of intervention should be different in cases of positive and negative exchange rate shocks under asymmetric price rigidity. We claim that currency appreciation should be paid less attention than its depreciation since prices are more sticky downwards. We estimate that monetary policy in Russia indeed responded to currency appreciation by increasing money supply, but it responded to Rouble depreciation in the same way, being inflationary all the time. 

So, based on our theoretical model and empirical estimation results, we have a couple of propositions for the Russian monetary policy. First, the degree of intervention during periods of Rouble appreciation should be reduced gradually. On the other hand, in case of a drop in oil prices or some other exogenous shocks which may affect exchange rate of Rouble adversely, tight monetary policy should be employed in order to reduce the impact of exchange rate changes on prices. 
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