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Consumption Response to Investment Shocks under Financial Frictions Abeer Reza Department of Economics, Carleton University, C-870 Loeb, 1125 Colonel By Drive, Ottawa, K1S 5B6, Canada. E-mail: [email protected]



Abstract Financial frictions and variable capacity utilization can generate comovement after an investment shock. It is shown that restrictions on wealth effects, wage rigidities, or high Frisch labor supply elasticities are unnecessary. Keywords: financial frictions, investment shocks, comovement JEL classification: E2, E3 1. Introduction Recent evidence from estimated DSGE models (Justiniano et al., 2010, henceforth JMT) and Structural VAR (Fisher, 2006) suggest that shocks to investment technology account for the highest proportion of variation in output, hours and investment seen in post-war US data. A common shortfall for most rational expectations models, however, is that consumption falls on impact after an investment shock, contradicting its observed co-movement with investment, output and hours. In this paper, I show that financial frictions and capacity utilization in a new-Keynesian model can generate a positive consumption response on impact, without recourse to limiting wealth effects in preferences, rigidities in wages or a high Frisch elasticity of labor supply. Barro and King (1984) show that in the standard neoclassical model, temporary investment shocks increase the real rate of return from investment, inciting households to postpone consumption in favor of savings through the inter-temporal substitution channel, producing a negative co-movement between consumption and investment. Since then, economists have focused on
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three mechanisms in an attempt to overcome the limitations of the neoclassical model in generating business cycles from investment shocks - variable capacity utilization in production (Greenwood et al., 1998, henceforth GHH; Khan and Tsoukalas, 2011, henceforth KT), wage and price rigidities (JMT), and special preference structures that restrict wealth effects on labor supply (Furlanetto and Seneca, 2008). Successful attempts at generating a positive consumption response invariably rely on both capacity utilization and restrictions on wealth effects. In particular, KT shows that modeling the cost of capacity utilization in terms of increased depreciation, as opposed to other popular formulations, is important in generating a positive consumption response. Their results nonetheless are based on a Frisch labor supply elasticity higher than that suggested in the micro literature (Chetty et. al, 2011). In this paper, I propose financial frictions as a fourth mechanism in mitigating the consumption co-movement problem. The key result is that with capacity utilization and financial frictions, there is no need to restrict wealth effects, impose rigidities in wages, or assume a high labor supply elasticity to generate a positive consumption response on impact. 2. Model I consider the setup of Christensen and Dib (2008) who analyze a stickyprice DSGE model with financial frictions under nominal debt contract and find investment shocks to be the most important driver of output and investment. Consumption, however, still declines on impact. To their setup, I add habit formation in consumption, capacity utilization in production in the spirit of GHH and KT, and abstract from money. A representative household chooses a real consumption bundle of composite commodities, ct , hours of work, lt , and the level of nominal saving deposits, Dt , to maximize expected lifetime utility: # "  1−γ ∞ X c Υ e t t + lt1+ζ E0 βt h 1 − γ 1 + ζ c t−1 t=0 subject to a budget constraint: ct +
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where et is a shock to consumption preference, wt is the wage rate, and Rtd is the gross nominal rate of interest earned on deposits. A continuum of entrepreneurs indexed by j ∈ (0, 1) own capital ktj , hire labor ltj and determine capacity utilization, ujt to produce a single intermediate good ytj , that is sold in a competitive market at a common real price pw t . These firms face a constant returns to scale production function ytj = ωtj ujt ktj
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where ωtj ∈ (0, 1) R 1is jan idiosyncratic shock that is observed privately by the firm, such that 0 ωt dj = 1, and zt an aggregate technology shock common across all firms. At the end of each period, entrepreneurs purchase capital j kt+1 at price qt , funded through net worth nwtj and external financing eftj = j qt kt+1 − nwtj . A financial intermediary takes nominal deposits from households at a gross interest rate of Rtd and provides loans to entrepreneurs at gross real interest rate Rtl . If the idiosyncratic shock ωtj hitting the firm is below a threshold level ω ¯ , the firm declares bankruptcy. Bernanke et al. (1999) show that under the above asymmetric information setup, an optimal debt contract requires the intermediary to impose a variable loan premium on the cost of lending that is increasing on the borrowing firm’s ratio of asset to net worth. Aggregating across all firms, the supply of financing follows: ) ( ψ   l 1 q k t t+1 d (1) Et Rt+1 = Et Rt+1 nwt πt+1 where the loan premium elasticity ψ depends on micro parameters governing monitoring costs, the threshold level of idiosyncratic risk, etc. The financial intermediary has access to risk-free financing from the monetary authority, making the nominal interest rate, Rt the effective opportunity cost, implying Rt = Rtd through arbitrage. Firms choose capital, capacity utilization and labor inputs to maximize the sum of future profits, subject to the production function, the external financing constraint, and the cost of capital utilization. The later, following GHH, is modeled as a higher depreciation rate of capital, δ (u) , δ 0 (u) > 0. Aggregating across firms, the first order conditions for financing and capacity utilization are:
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# " + q (1 − δ (u )) αϕt+1 kyt+1  l t+1 t t+1 Et Rt+1 = Et qt αϕt
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where ϕt is the shadow value of marginal cost. For any firm j surviving bankruptcy this period, the difference between the ex-post contribution from capital and the ex-ante financing cost of capital is added to next period’s net worth. Aggregating across firms, we get economy-wide net worth: "
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1 qt−1 kt − Et−1 Rt (qt−1 kt − nwt−1 ) nwt = ν qt−1 πt (4) where firms survive till the next period with probability ν to ensure that no firm is able to accumulate enough net worth to fully finance new capital acquisition without requiring external financing. Capital producers purchase a fraction of final goods from retailers and use them as investment goods to produce new capital using a linear technology, subject to an investment-specific technology shock, ξt , and a quadratic investment adjustment cost, and sell the new capital at price qt . Their decision rule gives: qt−1 kt nwt−1



  2  2 #  it χI it it+1 it+1 −1 + − 1 − χI −1 Et {qt ξt } = Et 1 + χI it−1 it−1 2 it−1 it it (5) where χI is a parameter measuring investment adjustment costs. The aggregate capital stock evolves according to: "
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A retail sector exists to motivate price rigidities through the following new-Keynesian Philips curve, expressed in log-deviations from steady-state: π ˆt = βEt π ˆt+1 +



(1 − βφ) (1 − φ) ϕˆt φ 4
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Aggregate final goods are distributed between consumption and investment. The monetary authority adjusts the nominal interest rate Rt in response to deviations in inflation and output according to a standard Taylor rule:  % Rt  πt %π yt y = exp (εR,t ) (8) R π y where R, π and y are steady-state values of the nominal risk-free interest rate, inflation and output respectively, and εR,t is an i.i.d. shock to monetary policy with zero mean. The remaining shocks in the model xt ∈ {et , zt , ξt } follow an autoregressive process: log (xt ) = ρx log (xt−1 ) + εx,t The calibration closely follows Christensen and Dib (2008) who use maximum likelihood to estimate their model on quarterly US data from 1979Q3 to 2004Q3. The elasticity of external financial premium, ψ is set to 0.042. The Frisch elasticity of labor supply, ζ1 , is calibrated to 0.1. This value is supported by microeconomic evidence (Card, 1994; Chetty et al., 2011), and is different from the usually higher value preferred in the business cycle literature. The second derivative of endogenous depreciation with respect to capacity utilization, δ 00 (u), is set to 0.01, which is comparable to the lower decile value of the equivalent parameter estimated by KT. The investment adjustment cost parameter, χI , is set to 5, compatible with the estimated findings from Smets and Wouters (2007). 3. Results Figure 1 shows the impulse responses to an investment shock for the benchmark model, a model without financial frictions, and one with constant capacity utilization. The key finding is that consumption is positive on impact only under the benchmark model, i.e. in the presence of both variable capacity utilization and financial frictions. A positive shock to the marginal efficiency of investment increases the level of new capital produced per unit of investment, reducing capital price. Firms balance increased output from higher capacity utilization with the cost of higher depreciation of installed capital. Since the value of installed capital falls on impact, depreciating it at a higher rate is less costly. Consequently, 5



Figure 1: Impulse response to investment shock, full model, model without financial frictions, and model without capacity utilization
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capacity utilization is endogenously increased. This boosts output and raises marginal returns to capital. Inter-temporal substitution effects induce households to postpone consumption in favor of savings to take advantage of this temporary higher return on investment. In the presence of financial frictions, however, the reduction in the value of current capital holding lessens firms net worth. The optimal financial contract now require a higher loan premium to compensate for the increased riskiness of firms. This higher marginal cost of financing attenuates investment and savings, allowing consumption to rise on impact. To see the same argument from the household side, recall that the loan premium creates a pro-cyclical wedge between loan interest rates and deposit rates, which equals the policy rate through arbitrage. An investment shock elicits a positive response from investment, output and inflation in all cases. Consequently, in all cases, the monetary authority responds by raising the policy rate. However, since investment and output responses are abated in the presence of financial frictions, so too is the response in policy rates. From the household’s perspective, this translates to a moderated increase in the returns to savings, resulting in lower savings and a rise in consumption. If leisure is normal, an increase in household wealth following a positive shock would reduce labor supply, dampening output. This issue is identified by GHH, who, for ease of exposition, adopts preferences that completely turn off the wealth effect channel of labor supply. In this study, labor supply is fully elastic to wealth, but consumption response is sensitive to the calibration of ζ. To understand   why, consider the log linearized labor sup1 ˆ ˆ ply condition: lt = ζ wˆt + λt . Heuristically, eliminating wealth effects is ˆ t term. A lower Frisch elasticity of labor supply, or a akin to removing the λ higher calibration value for ζ regulates the wealth effect. Frisch elasticities higher than 2, common in the macro literature and inconsistent with micro evidence (Chetty et al., 2011), result in a negative consumption response in the benchmark calibration. In this sense, this model supports a Frisch parameter compatible with microeconometric evidence. 4. Conclusion This note demonstrates that in the presence of financial frictions and variable capacity utilization, the New Keynesian model is able to generate a positive consumption response on impact of investment shocks, overcoming 7
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