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´ de Toulouse – MPSE – 2006-2007 Universite M2 – Macroeconomics II — Fabrice Collard & Franck Portier Final Exam I – Problem - Business Cycles and Nominal Rigidities (50 points) Consider a monetary economy with the following markets being open in each period t: a good market with price Pt , a labor market with the wage Wt and a money market. Money is the num´eraire (price equals one). The economy is populated by two representative agents that behave in a competitive way: a firm and a household. • The firm has a Cobb-Douglas technology: (1) Yt = Zt Ktγ Nt1−γ where Kt is capital, Nt labor input, and Zt a stochastic technological shock. It is assumed that the firm profit Πt is distributed to the household. Capital fully depreciates in one period so that Kt+1 = It



(2)



where It is investment in period t. The representative household works Nt , consumes Ct in period t, and ends the period with a quantity of money Mt . He has the following preferences: U = E0



∞ X



  Mt − V (Nt ) β t log Ct + ω log Pt t=0



(3)



where V is a convex function. At the beginning of period t there is an aggregate stochastic multiplicative monetary shock as in Lucas (1972), denoted by µt . The money holdings Mt−1 carried from the previous period are multiplied by µt , so that the household starts period t with money holdings µt Mt−1 . The household budget constraint in period period t is : Ct +



Mt Wt µt Mt−1 + It = Nt + κt It−1 + + Πt Pt Pt Pt



(4)



where κt is the real return in period t on capital invested in t − 1.



The Walrasian regime (flexible price and wage) : 1 – Write down the household maximization program and derive its First Order Conditions. The household maximizes the expected value of his discounted utility (3) subject to the sequence of budget constraints (4). Call λt the marginal utility of real wealth in period t (i.e. the Lagrange multiplier associated with the corresponding budget constraint (4)). FOC are : 1 = λt (5) Ct V 0 (Nt ) = λt



Wt Pt



λt = βEt (λt+1 κt+1 ),   ωPt µt+1 Pt λt = + βEt λt+1 Mt Pt+1



(6) (7) (8)



2 – Write down the firm maximization program and derive its First Order Conditions. Marginal productivity of an input = input price Wt ∂Yt Yt = = (1 − γ) Pt ∂Nt Nt



1



(9)



and κt =



∂Yt Yt =γ ∂Kt Kt



(10)



3 – Define a competitive equilibrium of this economy It is a set of prices (W, P ) and quantities (Y, N, C, M, I) such that (i) agents (household, firm) maximize objectives (profit, utility) given prices, (ii) markets (good, money, labor) clear. 4 – Show that in equilibrium, Ct = (1 − βγ)Yt



(11)



It = Kt+1 = βγYt



(12)



Mt ω(1 − βγ) = Yt = χYt Pt 1−β



(13)



Combining (5), (7), the condition Yt = Ct + It and the definition of κt in (10), we obtain:   It It+1 = βγ + βγEt Ct Ct+1



(14)



which, by solving forward, yields : It βγ = Ct 1 − βγ so that: Ct = (1 − βγ)Yt and It = Kt+1 = βγYt The equilibrium condition for money is that the quantity of money demanded by the household, Mt , must be equal to the initial money holdings µt Mt−1 : Mt = µt Mt−1 (15) Let us now compute equilibrium real balances. Condition (8), using (5) and (15), is rewritten as :   Mt Mt+1 = ω + βEt Pt Ct Pt+1 Ct+1



(16)



and again by solving forward Mt ω = Pt Ct 1−β



(17)



Combining (11) and (17), we obtain the level of real money balances : Mt ω(1 − βγ) Yt = χYt = Pt 1−β



(18)



5 – Show that employment is constant along the Walrasian equilibrium path. Denote N this level and n its log. Combining condition (6) with the expression of the real wage (9) and the value of consumption (11), we find that Nt is constant and equal to N, where N is given by: N V 0 (N ) =



1−γ 1 − βγ



(19)



6 – What is the effect of a shock µt on output? On prices? Discuss. Employment is constant. As capital is predetermined, a monetary shock has no immediate impact on output. As M/P is constant, it has a one to one impact on prices. As investment is a constant fraction of output, which does not change on impact, a monetary shock has no impact on capital tomorrow, and is therefore neutral at any periods. We have a dichotomic model in which money is neutral, and has only nominal effect. 7 – Show that the walrasian nominal wage ww and the price level are given by: wtw = mt + log(1 − γ) − log χ − n 2



(20)



pt = mt −



zt γ log βγ − log χ − n − 1 − γL 1−γ



(21)



where L is the lag operator. It is trivial algebra to obtain the expression of ww : from (18) and (9), we obtain (20) (taking logs and using the fact that N is constant). The dynamics of real variables is given by: Nt Yt Wt Pt Kt+1



= N = Zt Ktγ N 1−γ Yt = (1 − γ) N = βγYt



(22) (23) (24) (25)



Putting together equations (23) and (25), and taking logarithms: yt = n +



zt γ log βγ + 1 − γL 1−γ



(26)



where L is the “lag operator”, defined by: Lj (Xt ) = Et (Xt−j )



(27)



We see that the propagation mechanism is exactly the same as in the “pure” real models, going through the accumulation of capital. From (26), we obtain (21). 8 – Compute the correlation between the log of output and the log of the real wage. Discuss. From (20) and (21), we have an expression of the real wage (omitting constants): wtw − pt =



zt 1 − γL



(28)



Comparing (28) and (26), we see immediately that the correlation between the real wage ad output is -1. It is counterfactual. In that model, technological shocks mainly move labor demand along the labor supply curve, therefore creating a negative correlation between output and the real wage.



Nominal Wage Contracts : We now assume that the level of wages is predetermined at the beginning of each period. At this contract wage the household supplies all labor demanded by the firm. The crucial assumption is that parties to the contract aim at clearing the market ex ante (in logarithmic terms). In other terms , the contract wage will be set equal to the expected value of the Walrasian wage ww . 9 – Compute the level of the contract wage as a function of expected money supply, conditionally on t−1 information. Using formula (20), we obtain the contract wage wt = Et−1 mt + log(1 − γ) − log χ − n



(29)



where Et−1 mt denotes the expectation of mt formed at the beginning of period t, before shocks have occurred. Since the goods market clears and the firm’s demand for labor is always satisfied, first order conditions of the firm are not affected. 10 – Explain why household now maximize their utility function (3) subject to the budget constraint (4), but taking Nt as given (and determined by firms’s demand). Household: max utility function (3) subject to the budget constraints (4), but taking Nt as given (and determined by firms’s demand). Equations (6) and (19) are not valid anymore. The rest of the resolution of the model goes through unchanged. 11 – Show that equilibrium allocations are now given by yt wt − pt mt kt+1



= = = =



zt + γkt + (1 − γ)nt yt − nt + log(1 − γ) pt + yt + log χ yt + log βγ



plus the equation setting the nominal wage, as computed in question 9. 3



(30) (31) (32) (33)



Trivial. We have already derived those equations above 12 – Show that nt = n + mt − Et−1 mt



(34)



Comment. Putting together equations (30)-(32), we first obtain the level of employment in period t : nt = n + mt − Et−1 mt Let’s define the monetary shock as εmt = mt − Et−1 mt



(35)



nt = n + εmt



(36)



so that employment is now given by: Employment is not constant anymore. As the real wage is predetermined, a positive monetary surprise will decrease the real wage (w is fixed and p increases, therefore w − p decreases). This is pushing up labor demand, and we have assumed that labor supply always follow. Therefore, employment nt increases. 13 – Using the expression of output and real wage (both in logs), show that supply shocks and lagged money shocks induce a positive correlation between real wage and output, while contemporary money shocks induce inversely a negative correlation between real wage and output. Discuss. Combining (30) and (36) we obtain the expression for output: yt = (1 − γ)n + γkt + zt + (1 − γ)εmt



(37)



Contrarily to what happened in the Walrasian model, unexpected money shocks now have an impact on the levels of employment and production. Now using equations (33) and (37) and lagging appropriately, we obtain: yt = n +



zt + (1 − γ)εmt γ log βγ + 1 − γL 1−γ



(38)



Unexpected money shocks get propagated through time via the same mechanism as technology shocks, i.e. capital accumulation. Now the real wage and price are deduced from yt through the simple formulas : wt − pt pt



= log (1 − γ) + yt − n − εmt = mt − log χ − yt



(39) (40)



Let us rewrite output and real wages under the following form (suppressing all irrelevant constant terms): yt wt − pt



γ(1 − γ)εmt−1 zt + 1 − γL 1 − γL γ(1 − γ)εmt−1 zt = −γεmt + + 1 − γL 1 − γL =



(1 − γ)εmt +



(41) (42)



We have the following results: • Supply shocks and lagged money shocks induce a positive correlation between real wage and output. • contemporary money shocks induce inversely a negative correlation between real wage and output. Why is is so: on impact, money shocks have an effect because of the wage rigidity. After one period, their effect goes through capital accumulation, and is therefore not different from the technological ones. Is is clear that, depending on the variance of the monetary and technological shocks, any value of the unconditional correlation between the real wage and output can be obtained. II – Questions (30 points) Please propose a structured answer to each question, with as much economic content as possible. Please define the main terms and use math if needed. 1 – The limits of the Aggregate Demand/Aggregate Supply model. The question is (hopefully) treated in length in the course (see the slides). 4



1. AD/AS: a general eq. model without micro-foundations (AD=money market eq. + income=planned expenditures, AS=labor market outcome (equilibrium of disequilibrium). 2. Limit #1: no dynamics ; cannot deal with Ricardian Equivalence type of critique. 3. Limit #2: no good treatment of expectations ; with rational expectations, Lucas critique, ineffectiveness of anticipated economic. policy under some circumstances. 4. Limit #3: Explicitly modelling general equilibrium spillovers is key in Macro (e.g. good market imperfections can cause unemployment, which is a labor market outcome). 2 – Discuss the quotation from Russ Cooper and Andrew John paper “Coordinating Coordination Failures in Keynesian Models”, Quarterly Journal of Economics, vol 103 (August 1988), pp 441-443. Use elements of the course and small classes discussion in your answer. “[...] it captures the intuition that economies may get stuck at low levels of activity when agents are constrained in their sales. [...] There is a coordination problem in such economies if low-level equilibria could be avoided by a simultaneous increase in the output of all firms. However, in a decentralized system there may be no incentive for a single firm to increase production because this agent takes the actions of others as given. Hence, the “externality” is brought about by demand linkage that individual firms do not internalize. Coordination problems of this type are impossible in a Walrasian economy, where agents can sell any amount they choose at a given price. A demand externality may arise, though, in market structures where agents require information on both prices and quantities in making choices: this includes economies with imperfect competition or price rigidities. In both cases, quantities matter to individual decision makers, and prices do not completely decentralize allocation [...].”



1. Key property of walrasian general equilibrium: agents take prices as given. There is no need for coordination between them. Decisions are decentralized. nevertheless, there is a formidable amount of coordination in the economy as a whole, as all markets clear and all individual plans are compatible. Indeed, the centralization occurs at the time of computing the equilibrium prices. To compute them, a lot of information is needed. 2. If prices fail to be set at their walrasian levels, then a whole lot of bad things can happen. Decisions are not anymore compatible: some firms produce and cannot sell their goods, some workers look for a job and cannot find one, etc... That is the essence of macroeconomy. Once agents consider not only prices but also quantity constraints in their decisions, the economy can be trapped in bad situations. 3. We have seen an example in the course. Prices are rigid. Therefore firms face a quantity constraint on their sales, and this create unemployment. III – Discussion – About Chari, Kehoe and McGrattan Paper (“Accounting for the Great Depression”), The Federal Reserve Bank of Minneapolis Quarterly Review, Spring 2003, Vol. 27, No. 2, pp. 2-8 (40 points) 1 – Read the extract reproduced in Table 1. Derive equations (2) to (4). The representative household solves: X max E0 β t U (ct , lt ) t



s.t. ct + (1 + τxt [kt+1 − (1 − δ)kt ] = (1 − τlt wt lt + rt kt + Tt ...etc (TO BE WRITTEN) 2 – Describe microfounded economic models behind each of those three wedges? 1. Efficiency wedge : It is the Solow residual. It can be technical change, but also changes in the regulation of markets, reallocation of input,... 2. Labor wedge : Can be the reduced form of sticky wages, imperfect competition on the good market, on the labor market, of bargaining models,... 3. Investment wedge : Can be the reduced form of a model with asymmetry of information on the credit market. 5



3 – The Figure in table 2 displays the measure of the first two wedges. Comment. 1. In the initial recession phase (1929-1933), we do observe a drop in the efficiency wedge, that could account for (part of) the output drop. 2. But the efficiency wedge is almost back on trend by 1936, and cannot therefore account for the long stagnation in output. 3. The labor wedge is permanently lower after 1933, and could account for the absence of recovery. 4 – Why is it more difficult to measure the investment wedge? Because it involves solving for equation (4) of Table 1, which is forward looking. Therefore, solving the whole model is needed. To do that, one needs in particular to make assumptions about agents expectations of the future wedges: perfectly forecasted, total surprises, ...? 5 – Comment Chart 2 and 3 in Table 3. 1. Labor and efficiency wedge are needed to account for the 30’s: both to explain the recession phase, the first one to explain the stagnation after 1933 and the absence of recovery, despite the fact that the efficiency wedge is almost back on trend 2. The investment wedge seems to have plaid a marginal role (this conclusion has been challenged by Christiano).



Table 1: Extract from Chari, Kehoe and McGrattan [2003]



6



Table 2: Extract from Chari, Kehoe and McGrattan [2003]
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Table 3: Extract from Chari, Kehoe and McGrattan [2003]



8
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