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Introduction



In our previous lecture, we looked at the Real Business Cycle model. In that model, we had complete information, perfect competition, and the lack of any sort of friction that would have generated a role for policy. In this lecture, we would like to discuss the New Keynesian model. The model gets its name because of the familiar structure of the equilibrium conditions. The equilibrium consists of a dynamic IS equation, a New Keynesian Phillips curve, and a monetary policy rule. The model therefore resembles earlier linear, IS-LM-type rational expectations models. But what is diﬀerent about this model? The main diﬀerence between the New Keynesian model and the RBC model is the introduction of monopolistic competition. The representative perfectly competition ﬁrm a RBC theory is replaced by a continuum of ﬁrms with unit mass who each produce their own unique brand of a consumption good. Since the ﬁrms sell diﬀerentiated products, they have some control over the price that they are able to charge. The standard assumption in New Keynesian models is that prices are slow to adjust. There are a couple of possible explanations for this. One is that prices are set by contracts and therefore cannot be changed until the terminal date of the contract. A reduced form approach to this sort of idea is what is known as Calvo (1983) pricing, in which we assume that only a fraction of ﬁrms can change their prices in any given period. Another explanation for the slow adjustment of prices is the assumption that price adjustments are costly. In other words, there is some sort of adjustment cost or menu cost to changing prices and therefore ﬁrms would prefer to wait to change prices. One way to model this is through an (s, S) model in which ﬁrms set bounds for action. This is similar to the option approach to investment. Firms prefer inaction (not changing their price) until they hit some critical threshold at which it is optimal to adjust their price. An alternative is to assume a quadratic adjustment cost, as in Rotemberg (1982). We will pursue this approach in the notes. The solution to the ﬁrm’s pricing problem can be used to generate a relationship between aggregate output and inﬂation. This relationship resembles an expectations augmented Phillips Curve. New Keynesian prefer to see it as a more updated version of the traditional Phillips curve with inﬂation on the left-hand side of the equation and the output gap on the right-hand side. In reality, this is just an equilibrium condition. Causation isn’t running in one direction or the other. Regardless, this equation has come to be known as the New Keynesian Phillips Curve. The slow adjustment of prices creates an ineﬃciency. Without this cost, prices would immediately adjust. The fact that they do not adjust like they should suggests a potential role of policy. Since this involves prices, one potential policy prescription involves monetary policy. If adjusting prices is costly and prices do not respond as quickly as they should to exogenous shocks, then one potential policy prescription is to have zero inﬂation. This implies that prices, on average, are not changing. This minimizes the ineﬃciency associated with costly price adjustments. Despite the focus on monetary policy, one distinct feature of the New Keynesian model is the absence of money. Instead monetary policy is conducted solely by changing the short term nominal interest 1



rate. This idea originated with Michael Woodford (1999), who was thinking about how monetary policy might look in a world in which the demand for cash all but disappeared and in which banks had reserve balances near zero. While this research was initially about a hypothetical “cashless”, a number of researchers showed that the model could apply to an economy with money as well. For example, they showed that by putting money in the utility function could add a money demand curve to the model, but if the central bank conducted policy solely by changing the interest rate then money was redundant in the sense that you could solve the standard New Keynesian model without the money demand equation. What is needed to close the model is a monetary policy rule. We need an equation that can summarize how the interest rate responds to other economic variables in the model. Given the desirability of zero inﬂation, one possibility is that the central bank simply adjusts the nominal interest rate to changes in the rate of inﬂation. To know whether this is suﬃcient, we need some type of formal welfare criteria to determine what type of rule would be optimal. We will discuss how to derive this welfare criteria in the context of the model. Nonetheless, we will initially assume that the central bank follows a Taylor-type rule (Taylor, 1993). John Taylor developed the Taylor rule, in which the central bank adjusts the nominal interest rate positively to increases in inﬂation relative to its target and the output gap. The basic idea is that if inﬂation is higher than its target and/or real GDP is above potential, this is a sign that monetary policy is too expansionary and therefore policy needs to tighten. A higher nominal interest rate, because prices are sticky, leads to a higher real interest rate, which reduces output and inﬂation.1 Taylor (1999) later found that his rule not only was desirable in model simulations, but that the rule appeared to describe monetary policy during the period known as the Great Moderation really well. Taylor has since used this experience to argue that the Taylor rule is a useful guide for policy. I think that there is reason for skepticism about these claims. For example, I argue that the success experienced during the Great Moderation (1985 - 2007) was due to the Fed taking responsibility for inﬂation rather than following a Taylor rule (Hendrickson, 2012). David Beckworth and I also challenge the eﬀectiveness of a Taylor-type rule in practice on the grounds that the output gap is not known in real time. All we have are estimates. We show that this has important implications for economic ﬂuctuations (Beckworth and Hendrickson 2017). We will discuss some of these issues at the end of the lecture. For now, we will close the model with a Taylor-type rule. For an early example of a New Keynesian-type model, see Rotemberg and Woodford (1995) who amended the RBC model to include imperfect competition. For a textbook treatment of the New Keynesian model, see Woodford (2003) or a much more concise Galí (2008). What follows is a lot of tedious algebra, but such is the nature of the model.
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The Model



Time is discrete and inﬁnite. The model consists of households and monopolistically competitive ﬁrms. We will assume that there is an index of ﬁrms with unit mass that are indexed by i. Households consume the goods produced by all of the ﬁrms. However, their utility is over aggregate consumption. Firms, since they are monopolistically competitive have some control over their price. We will assume that ﬁrms face a quadratic cost of adjustment with regards to prices. Finally, there is a central bank that conducts monetary policy according to a Taylor rule. 1



Or so the story goes. See Cochrane (2011) for skepticism about this view.
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2.1



Households



The expected lifetime utility for our household is E0



∞ X



β



t=0



t







ct1−σ h1+ − t 1−σ 1+







where ht is hours worked, σ and  are parameters, and ct is aggregate consumption such that Z



1



ct =



(θ−1)/θ



ct (i)



θ/(θ−1) di



0



where ct (i) is the quantity consumed of the good produced by ﬁrm i. Households can save by purchasing bonds from borrowers and borrow by issuing bonds of their own (since everyone is identical, these will be in zero net supply in equilibrium). The budget constraint can be written in nominal terms as Z 1 Bt+1 = Bt + Dt + Wt ht pt (i)ct (i)di + Rt 0 R1 where 0 pt (i)ct (i)di is aggregate consumption, Bt is the nominal bond balances, Dt is the dividends paid by the ﬁrms, Rt is the (gross) nominal interest rate, and Wt its he nominal wage. Suppose that there is a price index Pt such that Z 1 Pt ct = pt (i)ct (i)di 0



We will later verify that such a price index exists. However, what this implies is that we can write the budget constraint as Bt Bt+1 = + dt + wt ht ct + Rt Pt Pt where wt is the real wage and dt is the aggregate real dividend. Deﬁne bt = Bt /Pt . We can simplify our budget constraint further to get πt+1 bt+1 = bt + wt ht − ct (1) Rt where π is the (gross) rate of inﬂation. The Bellman equation for the household can be written as:  h1+ ct1−σ t − + βEt V (bt+1 ) V (bt ) = max ct ,ht 1 − σ 1+ 



or



   c1−σ h1+ Rt t t V (bt ) = max − + βEt V (it bt + wt ht − ct ) ct ,ht 1 − σ 1+ πt+1 



The ﬁrst-order conditions are given as ct−σ =



Rt βEt V 0 (bt+1 ) πt+1



ht = wt



Rt βEt V 0 (bt+1 ) πt+1
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Combining these two conditions yields:



ht = wt c−σ t



Or, log-linearizing this equation yields:



ˆt = w h ˆt − σˆ ct



(2)



Diﬀerentiating the value function with respect to bt yields V 0 (bt ) = β



1 πt+1



Rt V 0 (bt+1 )



From the ﬁrst-order condition for consumption, we can re-write this as V 0 (bt ) = c−σ t Iterating forward and plugging this into the ﬁrst-order condition for consumption yields: c−σ = βEt t



Rt −σ c πt+1 t+1



Log-linearizing gives us: −σcσ−1 cˆ ct = −σβ



R −σ−1 1 ˆ t − β R πc−σ Et π c cEt cˆt+1 + β Rc−σ R ˆt+1 π π π2



In the steady state we have: β



R =1 π



So, the above linearization reduces to: ˆ t − Et π −σˆ ct = −σEt cˆt+1 + R ˆt+1 Or,



1 ˆ (Rt − Et π ˆt+1 ) σ Note that there is no investment in our model. Thus, everything that gets produced by ﬁrms must be consumed. Let aggregate production be given as yt . It follows that cˆt = Et cˆt+1 −



yˆt = Et yˆt+1 −



1 ˆ (Rt − Et π ˆt+1 ) σ



(3)



We have thus transformed our consumption Euler equation into what the New Keynesians call a dynamic IS curve, since it relates output with the real interest rate. Okay, now let’s go back to our consumption problem. We need to prove that Z 1 Pt ct = pt (i)ct (i)di 0



So let’s get started. Let Z denote total expenditure. We want to show that there is some price level, Pt , such that Zt = Pt ct . The objective of the consumer is to maximize consumption. The Lagrangian can be written: Z max ct (i)



1



ct (i)



(θ−1)/θ



θ/(θ−1) Z di −λ



0



0
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1



 Pt (i)ct (i)di − Z



The maximization condition is −1/θ



1



Z



ct (i)



ct (i)



(θ−1)/θ



[1/(θ−1)] di = λPt (i)



0



Note from the deﬁnition of ct that Z



1



0



[1/(θ−1)] 1/θ ct (i)(θ−1)/θ di = ct



So we can re-write out maximization condition as 1/θ



ct (i)−1/θ ct



= λPt (i)



Solve for Pt (i) and plug this into the expenditure deﬁnition: Z 1 1/θ (θ−1)/θ 1/θ ct (i)(θ−1)/θ di = ct ct = ct λZ = ct 0



So,



ct Z



λ= Plug this into our maximization condition to get 1/θ



ct (i)−1/θ ct



ct Pt (i) Z



=



Now, suppose that Z = Pt ct . This condition can be re-written as Pt (i) −1/θ c Pt t



ct (i)−1/θ = Or,  ct (i) =



Pt (i) Pt



−θ



(4)



ct



Now, we have a demand curve for each consumption good as a function of the relative price of the consumption good and total consumption. Furthermore, note that −θ is the price elasticity of demand. Now we need to show that Pt is a price level. Return to our deﬁnition of aggregate consumption. We can use this demand curve to re-write this as:     Z 1  Pt (i) −θ (θ−1)/θ θ/(θ−1) ct di ct = Pt 0 Or, (θ−1)/θ ct



=



(θ−1)/θ ct



1 = Ptθ−1 Z Pt =



1



Z 0



Pt (i) Pt



1−θ  di



1



Z



Pt (i)1−θ di







0



1/(1−θ)



1



Pt (i)



1−θ



di



0



This is our Dixit-Stiglitz price index! So we have veriﬁed that a price level exists such that Z 1 Pt ct = Pt (i)ct (i)di 0
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2.2



Firms



We are going to think about the ﬁrm’s choice in two stages. We will assume that the ﬁrm wants to minimize its labor costs. The ﬁrm will then want to choose its price to maximize its proﬁt, given the demand for its product. Suppose that each ﬁrm has a production function given as yt (i) = at ht (i) where at is productivity and is stochastic with a mean of unity. The ﬁrm would like to minimize its total cost wt ht subject to this production function. Let Λt be the Lagrangian multiplier from this minimization problem. The minimization condition can then be written as (5)



Λt at = wt Or, Λt yt (i) = wt ht (i) Firms pay a real dividend to households each period. We can write this as φp Pt (i)yt (i) − wt ht (i) − dt (i) = Pt 2 where



φp 2







Pt (i) πPt−1 (i)



2 −1







Pt (i) −1 πPt−1 (i)



2 yt



ct is an adjustment cost, or menu cost, associated with changing prices over



time. We measure this cost in proportion to aggregate output. Market clearing requires that yt (i) = ct (i), ∀i yt = ct As shown in equation (4), ﬁrms face a demand curve for their product from households. Given the market-clearing condition, we can re-write the demand curve as  yt (i) =



Pt (i) Pt



−θ yt



Substituting this demand curve and the minimization condition into the dividend equation yields:  dt (i) =



Pt (i) Pt



1−θ



 yt − Λt



Pt (i) Pt



−θ



φp yt − 2







2 Pt (i) − 1 yt πPt−1 (i)



The ﬁrm’s problem is to choose Pt (i) to maximize the dividend. The proﬁt-maximization condition is:     φp Pt (i) Pt+1 (i) Pt+1 (i) −θ θ−1 −θ−1 θ −1 yt +βφp Et −1 yt+1 = 0 (1−θ)Pt (i) Pt yt +θΛt Pt (i) P t yt − πPt−1 (i) πPt−1 (i) πPt (i)2 πPt (i) Divide through by yt to get −θ



(1 − θ)Pt (i)



Ptθ−1 + θΛt Pt (i)−θ−1 Ptθ −



   Pt (i) Pt+1 (i) Pt+1 (i) − 1 + βφp Et −1 = 0 πPt−1 (i) πPt−1 (i) πPt (i)2 πPt (i) φp







6



(Note that there is no growth in out model, so Et yt+1 /yt = 1.) This condition is the same for all ﬁrms. Thus, in a symmetric equilibrium, all ﬁrms will choose the same price, Pt (i) = Pt . The proﬁt condition can now be written as     φp πt Pt+1 πt+1 −1 −1 (1 − θ)Pt + θΛt Pt − − 1 + βφp −1 =0 πPt−1 π π πPt2 Multiply both sides by Pt to get πt (1 − θ) + θΛt − φp π







   πt πt+1 πt+1 − 1 + βφp Et −1 =0 π π π



Note that in the steady state:



θ−1 θ There is zero inﬂation in the steady state and therefore π = 1. Thus, Λ=



2 (1 − θ) + θΛt − φp (πt2 − πt ) + βφp Et (πt+1 − πt+1 ) = 0



Log-linearization yields:



ˆ t − φp π θΛΛ ˆt + βφp Et π ˆt+1 = 0



Or, π ˆt = βEt π ˆt+1 +



θ−1ˆ Λt φp



Ideally, we’d like to simplify this further. We can log-linearize equation (5) to get: ˆt = w Λ ˆt − a ˆt From equation (), this can be re-written as ˆ t + σ yˆt − a ˆ t = h Λ ˆt ˆ t = yˆt − a From the production function, h ˆt , and therefore ˆ t = (ˆ Λ yt − a ˆt ) + σ yˆt − a ˆt = ( + σ)ˆ yt − ( + 1)ˆ at We can now write our log-linearized maximization condition as π ˆt = βEt π ˆt+1 +



θ−1 [( + σ)ˆ yt − ( + 1)ˆ at ] φp



Or, π ˆt = βEt π ˆt+1 + κˆ yt + γˆ at where κ=



(θ − 1)( + σ) φp



γ=−



(θ − 1)( + 1) φp



This equation is a New Keynesian Phillips Curve. 7



(6)



2.3



Central Bank



Finally, there is a central bank. We will assume that the central bank conducts monetary policy using a Taylor-type rule. Speciﬁcally, we will assume that the central bank sets the nominal interest rate according to ˆ t = φπ π R ˆt + φy yˆt + et (7) where φπ and φy are parameters chosen by the central bank and et is a monetary policy shock (a deviation from the policy rule). What this policy rule implies is that the central bank adjusts the nominal interest rate in response to ﬂuctuations in output and inﬂation.



2.4



Equilibrium



Finally, we’ve arrived at an equilibrium after all that tedious algebra. We have a system of 3 equations with 3 endogenous variables: 1 (8) yˆt = Et yˆt+1 − (Rt − Et πt+1 ) σ π ˆt = βEt π ˆt+1 + κˆ yt + γˆ at (9) (10)



ˆ t = φπ π R ˆt + φy yˆt + et We can use system reduction to re-write this system as Et yˆt+1 + σ1 Et π ˆt+1 Et π ˆt+1 Or, 



1 0



1 σ







 Et



1



yˆt+1 π ˆt+1







 =



= =



(1 + σ1 φy )ˆ yt + σ1 φπ π ˆt + σ1 et 1 ˆt − βκ yˆt − βγ a ˆt βπ



(1 + σ1 φy ) − βκ



1 σ φπ 1 β







yˆt π ˆt







 +



1 σ



0



0 − βγ







et a ˆt







Or, AEt Xt+1 = BXt + Cet We need to ﬁnd A−1 , so that we can re-write this as Et Xt+1 = M Xt + Det where M = A−1 B and D = A−1 C. Fortunately, we have a 2 × 2 matrix, so we can write:   1 − σ1 −1 A = 0 1 So,  M=



1 − σ1 0 1



"



(1 + σ1 φy ) − βκ



φπ σ 1 β



#



" =



1 + σ1 φy + − βκ



κ σβ



φπ σ



− 1 β



1 σβ



#



We can now determine the conditions for stability ﬁnding the eigenvalues of M . In our previous lecture on the RBC model, we calibrated the model and showed how to solve. We could do the same thing here. However, what we want to do is determine what role the policy parameters chosen by the central bank have on the equilibrium properties of the model. For example, we showed in our previous model the conditions for a unique rational expectations equilibrium. Is it possible that by choosing the right monetary policy can guarantee that we end up in a unique equilibrium? Is it possible that by choosing the
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wrong policy parameters that we could end up with multiple equilibria? These are potentially important questions.2 To explore this issue, recall that from the deﬁnition of eigenvalues, we have 1 + 1 φ + κ − λ φπ − 1 σ y σβ σ σβ = 0 1 − βκ − λ β Given a parameterization, this would be easy to determine. We’d simply solve a quadratic equation. However, since we are not going to calibrate the parameters, we need to ﬁnd some other way. Well, there are two unique things about eigenvalues. Speciﬁcally, the product of two eigenvalues is equal to the determinant of M and the sum of the two eigenvalues is equal to the trace of M . This implies that   φy 1 1 κ κ λ1 λ2 = + φπ − + + β σβ β 2 σ σβ β λ1 + λ2 = 1 +



φy κ 1 + + σ σβ β



Note that we have reduced our system of equations to two equations and we have two “jump” variables and no state variables. So we need to have 2 unstable eigenvalues. This implies that we should have (λ1 − 1)(λ2 − 1) > 0 Or, λ1 λ2 + 1 > λ1 + λ2 Plugging in these values and eliminating like terms gives us   φy φy 1 κ κ κ φπ − > + 2 + + σβ β σ σβ β σ σβ Multiply through by βσ



  1 κ > βφy + κ φy + + κ φπ − β β



Bring φy and φπ to the left hand side to get: (1 − β)φy + κφπ > κ 1−β φy + φπ > 1 κ Thus, for us to have two unstable eigenvalues, the condition above must hold. Note that a suﬃcient condition for this to hold is φπ > 1. This condition is known as the Taylor principle.3 The basic idea is that to ensure that there is a unique rational expectations equilibrium, the central bank needs to increase the nominal interest rate by more than the increase in the rate of inﬂation. The intuition is that since the nominal interest rate is increasing by more than the rate of inﬂation, the real interest rate will rise, which will reduce output and inﬂation. 2 The importance of these questions go beyond the simple presentation here. In fact, if there are multiple equilibria this raises a number of questions. Do we believe that multiple equilibria in our model has real world implications? Are multiple equilibria “learnable”? Is this merely a theoretical possibility detached from reality? Or might this be a Keynesian story of business cycle ﬂuctuations. 3 Arguably, it should be referred to as the Howitt principle, since economist Peter Howitt had explained this long ago. For a discussion see Howitt (2005).
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3



The Taylor Principle and Monetary Policy, In Practice



The Taylor principle is an important conclusion of our model. However, one might wonder whether or not the Taylor principle is important in practice. Taylor (1999) estimated his rule using U.S. data for the period from 1960 - 1979 and ﬁnds that the coeﬃcient on inﬂation is less than 1. He then tests the model for the period from 1987 - 1997 and ﬁnds that the coeﬃcient is greater than 1. He argues that this result could explain the Great Inﬂation because higher inﬂation would cause a decline in the real interest rate which would increase economic activity and inﬂation. The switch under Fed Chair Alan Greenspan meant that the Federal Reserve was raising the real interest rate in response to rising inﬂation. Clarida, Galí, and Gertler (1999) estimate a Taylor Rule as well for the pre- and post-Paul Volcker era at the Federal Reserve (Volcker became chair in 1979). They ﬁnd the same result as Taylor. However, as they point out this implies that the New Keynesian model has multiple equilibria. With multiple equilibria, this leaves open the possibility of self-fulﬁlling economic ﬂuctuations. In other words, beliefs that have nothing to do with economic fundamentals can push the economy into another equilibrium. These estimates, however, have been called into question. In a series of papers, Orphanides (2002, 2003, 2004) calls into question these claims. In particular, he argues that the Taylor rules that were estimated by Taylor and Clarida, Galí, and Gertler were estimated with ex post data on the output gap. To accurately estimate the parameters of the rule, consistent with the behavior of policymakers at that time, we need to use the data that was available to those policy makers. Thus, we need real-time data and not ex post data. Orphanides ﬁnds that when one uses real-time data (from the Fed’s own Greenbook forecasts), the coeﬃcient on inﬂation in both the pre- and post-Volcker eras is greater than 1. This implies that the change in monetary policy between the two eras is not explained by a higher emphasis placed on inﬂation, as the previous studies claim. We must look elsewhere for an explanation of the change in monetary policy. I have made the argument in my own research that the change in policy was a change in doctrine (Hendrickson, 2012). During the pre-Volcker era, the Federal Reserve started to think about monetary policy through the lens of the Phillips Curve. As you might recall from my notes on money earlier in this course, Fed Chair Arthur Burns states in his diary that controlling inﬂation requires a combination of monetary policy to inﬂuence activity and wage and price controls. He reiterated this point in public statements as well. This is clearly not a view consistent with the quantity theory. I argue that the change when Paul Volcker took over was to place an emphasis on the central bank’s role in creating inﬂation.4 In other words, the Taylor rule-view is that during the 1970s the Federal Reserve did not suﬃciently respond to inﬂation. Think about that statement. This view seems to suggest that the Federal Reserve is something akin to a ﬁreﬁghter who must arrive on the scene to put out the ﬁre. However, this then raises the question as to who started the ﬁre. The Federal Reserve is not an inﬂation ﬁghter, but rather an inﬂation creator. Inﬂation is caused by expansionary monetary policy. The change under Volcker was a recognition of the Federal Reserve’s causal role in creating inﬂation. When Volcker took over, he explicitly took responsibility for inﬂation and announced that the Federal Reserve was going to reduce inﬂation by reducing the growth rate of the money supply.



4



A Note on Getting Money Into a New Keynesian Model



One reason why this model does not include money is that money would not play any meaningful role in the equilibrium conditions. For example, suppose that we added real money balances to the utility 4



My views on this were heavily inﬂuenced by the work of Robert Hetzel at the Richmond Fed and his book on Federal Reserve policy (Hetzel, 2008).
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function. By doing so, we could get a log-linearized money demand equation of the form: `t = α0 yt − α1 Rt where ` is real money balances, y is income, R is the nominal interest rate and α0 and α1 are parameters. Note that if we add this to the 3 equation system that we presented above, the inclusion doesn’t add anything to the implications of the model. In fact, we can solve the 3 equation system and then plug the solutions for y and R into the money demand equation to get a solution for `. Some have used this result to argue that money isn’t important. But this is circular logic. Why? Because we started with the assumption that money is unimportant. We then derived a closed system of equations. We then added a new equation and a new unknown to check the validity of money. In doing so, we ﬁnd that the inclusion of money does not matter to the dynamics of the model. Well, of course it doesn’t! It is trivial to show that adding one new equation and one new unknown will not aﬀect the implications of the otherwise closed system. However, this is not because we’ve proven that money is unimportant, but rather because we initially assumed that money was unimportant. In order to test whether money is important, you need to construct a model in which money serves a role consistent with what I discussed in my notes on money. In those notes, we want to have a model in which money is essential for trade. We could do this by adding a search element to our model. However, we could also construct a “reduced form” assumption that captures this property. One way to do this is to assume that money reduces transactions costs, or shopping time. Allow me to explain. The basic idea when it comes to evaluating money is to capture the key feature of money, which is that money makes it easier to exchange. How can we get this into our model without changing too much of the model’s structure. Well, one thing that we could do is assume that households have to shop for goods. Furthermore, we can assume that the amount of time that the individual spends shopping for good is a decreasing function of how much money the individual is holding. Thus, we could re-write our household’s utility function as  1−σ  ∞ X h1+ t ct s t E0 β − − ht 1−σ 1+ t=0



where



hs



is shopping time and hst =



  1 Pt ct ω ω Mt
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