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Abstract Empirical studies on state-dependent government spending effects often find that the multipliers are bigger in recessions than in expansions. Despite consistent empirical support, theoretical channels that drive these results are uncertain. In an environment with involuntary unemployment, the paper shows that downward nominal wage rigidity which arises only in recessions gives rise to state-dependent government spending multipliers. Consistent with Keynesian views, a demand stimulus in recessions can reduce unemployment and is less likely to drive up prices than in expansions. Thus, the positive income effects from reduced unemployment and weaker crowding-out effects from a smaller increase in the real interest rate generate bigger multipliers in recessions. The paper also presents consistent empirical evidence on state-dependent responses of output, real wages, and consumption to a government spending shock. Keywords: state-dependent government spending multiplier; fiscal multiplier; downward nominal wage rigidity; nonlinear DSGE models; New Keynesian models JEL Codes: E31, E62, H30
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Introduction



Do government spending multipliers differ between recessions and expansions? A burgeoning empirical literature provides evidence on business cycle-dependent multipliers. It generally finds larger multipliers in recessions than in expansions (e.g., Auerbach and Gorodnichenko (2012a, 2013), Bachmann and Sims (2012), Baum et al. (2012), Caggiano et al. (2015), Fazzari et al. (2015), and Furceri and Grace (2017)).1 ∗ Shen: Department of Economics and Legal Studies, Oklahoma State University; [email protected]. Yang: Institute of Economics, National Sun Yat-Sen University and International Monetary Fund; [email protected]. We thank Eric Leeper, and participants at the Fall 2017 Midwest Macro Conferences for helpful comments and discussions. Yang recognizes the financial support by the Ministry of Science and Technology in Taiwan, Republic of China (project number: MOST 1052410-H-110-005-MY2). 1 In addition to these strong evidence, some weak evidence also exists. Using long historical datasets, Ramey and Zubairy (forthcoming) estimate that spending multipliers are bigger in the high-unemployment state, but the multiplies are generally below one. Caggiano et al. (2015) do not find much different multipliers between general recessions and expansions, but the difference is significant when comparing the multipliers in deep recessions to those in strong expansions.
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Despite consistent empirical support, the theoretical channels through which government spending has larger multipliers in recessions than in expansions are uncertain. Canzoneri et al. (2016) propose that countercyclical variation in bank intermediation costs can generate state-dependent spending multipliers, as a government spending increase reduces interest rate spreads, facilitating private borrowing in recessions. Also, Michaillat (2014) shows that increasing public employment in expansions raises labor costs and thus dampens the effectiveness of government spending to raise aggregate employment. Both theoretical channels are plausible, but their empirical importance is to be established.2 We propose an alternative theoretical channel through which downward nominal wage rigidity (DNWR) with involuntary unemployment in recessions can contribute to the business cycle-dependent government spending multipliers.3 We also verify this channel in data. DNWR is well documented and prevalent. Using micro-level data from U.S. and 15 European countries, Dickens et al. (2007) estimate that, on average, 28 percent of the wage cuts that would have taken place under flexible wage setting are averted by DNWR.4 To see whether DNWR is discernible in macro-level data, Figure 1 presents employment, nominal hourly compensation, and labor productivity for the U.S.5 Except for the 1969 and 2001 recessions, labor productivity fell in each of the seven recessions since 1955, yet the nominal hourly compensation largely increased even for the most duration of the Great Recession. The average productivity decline over these seven recessions, from the beginning quarter to the quarter of the lowest productivity within a recession, is 1.2%, yet the corresponding nominal wage rate grows by 3% and the real wage rate by 0.1%.6 Our calculation confirms 2 Canzoneri et al. (2016) provide some reduced-form relationship between the government spending share and spreads in different states, which may be insufficient to establish that government spending lowers financial intermediate costs more in data in recessions than in expansions. Michaillat (2014) conducts a quantitative assessment on public employment multipliers using a calibrated model, without testing the model predictions empirically. 3 A recent study by Dupor et al. (2017) use a NK model with DNWR to show that in such an environment consumption can rise to a government spending increase. 4 Messina et al. (2010) use the same methodology and find that the share of workers affected by DNWR varies from 22% to 55% for the four European countries examined. Other papers presenting evidence on DNWR include Nickell and Quintini (2003) using the U.K. New Earning Survey data, Kaur (2014) using data on daily agricultural labor in India, and Holden and Wulfsberg (2009a,b) using the data on 19 OECD countries. See Kim and Ruge-Murcia (2009) for a survey of earlier evidence on DNWR. 5 All the data come from Bureau of Labor Statistics (BLS): labor productivity are measured by output per hour (series PRS85006093); nominal hourly compensation includes employer expenditures for insurance and benefit programs and payments made in cash or in kind (series PRS85006103); employment is converted from total nonfarm employment (series CES0000000001) to an index series. Shades in Figure 1 are those identified dates by the NBER’s Business Cycle Dating Committee. 6 Real wage changes are computed from subtracting inflation from nominal wage growth rates, and inflation is calculated from the consumer price index published by BLS.
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that both DNWR and downward real wage rigidity are generally present in U.S. recessions, consistent with Abbritti and Fahr (2013). We show how DNWR can generate business cycle dependent government spending multipliers. The analysis starts from a simple log-linearized New Keynesian (NK) model to illustrate the key mechanisms that a government spending increase can be more expansionary in recessions where DNWR binds. It then moves to quantitative analysis using a general NK model with DNWR that is solved nonlinearly. Intuitively, government spending can be more expansionary in recessions with DNWR than in expansions because a spending increase in recessions reduces unemployment and does not drive up the real interest rate as much as in expansion. When a spending increase is injected in expansions that have full employment, it has the usual effects of rising goods demand, which makes firms hire more labor, driving up nominal and real wages. The increase in firms’ marginal cost generates inflation, which induces monetary authorities to raise the nominal rate, and indirectly the real rate (because prices do not fully adjust under stick wages). The rising real interest rate then generates the typical crowding-out effect on private demand, offsetting some of the original expansionary effect from government spending. In recessions, DNWR prevents nominal wages from falling beyond some floor despite declined aggregate demand. The sticky nominal wage, combined with higher inflation from more government spending, lowers real wages than otherwise without a spending increase. A decreased real wage does not drive firms’ marginal cost as a spending increase in expansions. Hence, it induces less inflation and a smaller increase in the real interest rate. The smaller increase in the real interest rate leads to less crowding out in private demand, making government spending more expansionary in recessions than in expansions. In addition to less crowding out, DNWR in recessions enhances the expansionary effects of government spending also through reduced unemployment. As the effective real wage—the market real wage that is subject to DNWR—is higher than the equilibrium market-clearing real wage, DNWR creates a discrepancy between the desired labor supply and labor demand, generating involuntary unemployment in recessions. With additional government demand, the effective
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real wage falls (because of increasing prices) and the market-clearing real wage rises (because of higher goods demand); both contribute to reducing excess labor supply and hence unemployment. Lower unemployment elevates households’ income, raising consumption, which further amplifies the expansionary effects of government spending. In the quantitative analysis with a more general model, we find that the impact multiplier in recessions can be bigger than 1 (at 1.7) versus 0.6 in expansions under the baseline specification that has the GHH preference(Greenwood et al. (1988)) without wealth effects on labor supply. Sensitivity analysis examines another commonly used KPR preference (King et al. (1988)). The qualitative results that DNWR leads to larger government spending multipliers in recessions than in expansions remain, although the difference becomes smaller with the KPR preference. To explore the channels through which DNWR affects spending multipliers in data, we follow Auerbach and Gorodnichenko (2012a), using a regime-switching structural VAR in an expanded system with real wages and consumption. The estimated spending multipliers can exceed 1 in recessions but are less than 1 in expansions, consistent with Auerbach and Gorodnichenko’s results. In addition, we find that real wages are lower and consumption is much higher in recessions than in expansions to a positive government spending shock. This suggests that the DNWR is a plausible cause to drive business cycle-dependent multipliers, as demonstrated by our theoretical analysis. This paper adds to the literature in state-dependent government spending effects. Aside from business cycles as studied here, the states have been examined include monetary policy and government indebtedness. Davig and Leeper (2011) and Leeper et al. (2017) find that when monetary policy is passive and fiscal policy is active (in the sense of Leeper (1991)), government spending multipliers can be much bigger than 1 and consumption can respond positively to a spending increase, in contrast to a much smaller multiplier in the alternative regime of active monetary and passive fiscal policy. When the zero lower bound of the nominal interest rate binds, Christiano et al. (2011) and Erceg and Lind´e (2014) find that government spending multipliers can be much bigger in a liquidity trap than in normal
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conditions. On government indebtedness, Ilzetzki et al. (2013) and Nickel and Tudyka (2014) provide empirical evidence that spending multipliers are small or even negative in highlyindebted economies. Bi et al. (2016) provide a theoretical account to explain how current government debt levels can affect expectations about future fiscal adjustments, which in turn affect current spending effects. Lastly, Sims and Wolf (2017) study state-dependent government spending effects, where the states consist of a variety of structural and policy shocks for conducting the welfare analysis of countercyclical government spending.
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The Model



We outline a simple New Keynesian (NK) model with elastic labor supply and inelastic capital. The central frictions are price rigidities and downward nominal wage rigidity (DNWR), as in Schmitt-Groh´e and Uribe (2016). DNWR generates involuntary unemployment in the model, crucial to yield business-cycle dependent multipliers. 2.1



Households



A representative household with a GHH preference (Greenwood et al. (1988)) chooses composite consumption (ct ), labor (nt ), and government debt (Bt ) to maximize utility: max



∞ X



dt



t=0



[ct − χ (nt )ϕ ]1−σ , 1−σ



(1)



where σ is the inverse of the intertemporal elasticity of substitution and ϕ governs the Frisch Q elasticity of labor supply. Define dt = tj=1 βj for t > 0, and d0 = 0, where βj is the



time-varying discount factor in period j. The composite consumption is aggregated from differentiated goods ct (i) with the Dixit and Stiglitz (1977) aggregator ct =



Z



1



ct (i) 0



5



θ−1 θ



θ  θ−1 di ,



(2)



where θ > 1 is the intratemporal elasticity of substitution between varieties. The demand function for each good i is 



Pt (i) ct (i) = Pt



−θ



ct ,



(3)



where Pt (i) is the nominal price for ct (i) and Pt is the aggregate price level. The household’s budget constraint is Wt nt Rt−1 Bt−1 Bt + zt = + + ct + Pt Pt Pt



Z



1



Γ(i),



(4)



0



where Wt is the nominal wage rate, Bt is the one-period nominal bond holding, Rt−1 is the nominal interest rate between t − 1 and t, Γ(i) is the profit from firm i, and zt is lump-sum taxes. The transversality condition for bond must hold, implying lim Et qt,T



T →∞



BT = 0, PT



(5)



where qt,T ≡ Rt−1 /(PT /Pt ). To model DNWR, we assume that Wt > Wt−1 ,



(6)



which means that Wt−1 is a price floor for nominal wages in period t. Our specification is embedded in the general specification, Wt > γWt−1 , proposed by Schmitt-Grohe and Uribe (2016). Even though our setup with γ = 1 appears to be special, the analytical linear results obtained here hold for other values of γ, because γ is dropped in the linearized equilibrium. In the quantitative analysis, we explore the implications of 0 < γ < 1. Unemployment in this model is a cyclical one; it arises when the economy is hit by contractionary shocks that lower the equilibrium market clearing wage. DNWR prevents the labor market from clearing when the wage floor binds, leading to involuntary unemployment, computed as follows: ut ≡ nst − nt ,
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(7)



where nst is desired labor supplied to be determined next. From the household’s optimality condition for labor, the household’s desired labor supply is χϕ(nst )ϕ−1 =



Wt ≡ wt , Pt



(8)



where labor supply nst is determined by the real wage rate (wt ). The household, however, may not be able to work the desired number of hours. In each period, wages and labor must satisfy the slackness condition (nst − nt )(Wt − Wt−1 ) = 0,



(9)



which says that either the labor market clears (nst = nt ) or DNWR binds (Wt = Wt−1 ). 2.2



Firms



The economy has two types of firms: a representative competitive final goods producer and monopolistically competitive intermediate goods producers who produce a continuum of differentiated goods, indexed by i. The final goods producer produces the composite good using the technology: yt =



Z



1



yt (i)



1− 1θ



0



θ  1−θ . di



(10)



The intermediate goods firm i produces using labor with a linear technology: yt (i) = ant (i),



(11)



where a is the common technology. Cost minimization implies that each intermediate firm has the same real marginal cost: mct =



wt . a



(12)



Following Calvo (1983), a fraction 1 − ω of intermediate firms can change their nominal prices each period. Firms which get a chance to change their prices at period t by choosing
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their price level to maximize the expected sum of discounted future real profits: max Et Pt (i)



∞ X



(ωβ)



j λt+j



λt



j=0







 Pt (i) − mct+j yt+j (i), Pt+j



(13)



subject to 



Pt (i) yt (i) = Pt



−θ



yt .



(14)



The first order condition to determine the optimal price Pt∗ is given by:



Pt∗ θ = Pt θ−1



Et







−θ



t λt+j yt+j mct+j PPt+j 1−θ  P∞ Pt j Et j=0 (ωβ) λt+j yt+j Pt+j



P∞



j=0 (ωβ)



j



,



(15)



which can be rewritten as θ k1t Pt∗ = , Pt θ − 1 k2t



(16)



θ−1 θ where k1t = λt yt mct + ωβEt k1t+1 πt+1 and k2t = λt yt + ωβEtk2t+1 πt+1 . Using the aggregate 1−θ price index Pt1−θ = (1 − ω)(Pt∗)1−θ + ωPt−1 , inflation is solved as 1 1   1−θ  θ−1  1−θ  θ−1 1 1 − ω Pt∗ 1 θ k1t 1−ω πt = = . − − ω ω Pt ω ω θ − 1 k2t







Compute aggregate labor as nt =



R1 0



(17)



nt (i)di. Linear aggregation of individual market



clearing conditions implies the aggregate production function is given by yt =



ant , ∆t



(18)



where ∆t is the relative price dispersion, defined by ∆t = price index, one can derive that ∆t evolves according to 



P∗ ∆t = (1 − ω) t Pt
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−θ



R 1 h Pt (i) i−θ 0



Pt



+ωπtθ ∆t−1 .



di. Using the aggregate



(19)



2.3



Fiscal and Monetary Policy



In the analytical model, we assume that government spending, gt , follows a simple stochastic process: g



gt = geεt ,



(20)



where εgt ∼i.i.d. N(0, σg2 ). Throughout the paper, a variable without a time subscript indicates its steady state value. The government budget constraint is zt +



Bt Rt−1 Bt−1 = gt + . Pt Pt



(21)



The monetary authority follows a simple Taylor rule, adjusting the nominal interest rate, Rt , in response to the inflation rate Rt = max(Rπtφ , 1),



(22)



with φ > 1, implying that the interest rate responds to inflation more than one for one. We impose a lower bound restriction Rt = 1 to focus on the equilibrium of an active monetary policy and passive fiscal policy in the sense of Leeper (1991). The aggregate resource constraint is y t = ct + g t .



(23)



The equilibrium conditions of the analytical model consist of equations (A.1) to (A.12) in Appendix A.
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Analytics of State-Dependent Multipliers



Before launching into the quantitative analysis with a nonlinear equilibrium, this section uses a linear approximation that yields an analytical solution for government spending multipliers. The analysis demonstrates how DNWR can aggravate a recession and the channels via which
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government spending can become more expansionary in recessions than in expansions. As in Christiano et al. (2011), a discount factor shock generates business cycles in the model. Also, to simplify derivation, we assume that the steady-state inflation (π) and labor (n) are both 1. A variable with a “ˆ” indicates the percent deviations from its steady state value. To derive the “IS” equation, substitute the monetary policy rule (22) into the intertemporal Euler equation (A.3). Log-linearizion yields ˆ t = Et λ ˆ t+1 + αˆ λ πt − Et π ˆt+1 + Et βˆt+1 .



(24)



Also, log-linearization of the marginal utility of consumption (A.1) yields ˆt = − λ



σc σχϕnϕ c ˆ + n ˆt. t c − χnϕ c − χnϕ



(25)



Define the steady-state government spending-to-output ratio as sg ≡ yg ; then steady-state consumption c = (1 − sg ) y. Solving for the model-implied parameter χ as



θ−1 , θϕ



equation



(25) becomes ˆt = − λ



σϕ(θ − 1) σϕθ(1 − sg ) cˆt + n ˆt. θϕ(1 − sg ) − θ + 1 θϕ(1 − sg ) − θ + 1



(26)



From the aggregate resource constraint (23) and the production function (18), we can get the following two equations: cˆt =



sg 1 yˆt − gˆt ; 1 − sg 1 − sg



n ˆ t = yˆt .



(27) (28)



Substitute (25), (27), and (28) to (24) to obtain the IS equation yˆt = Et yˆt+1 − Ψ(αˆ πt − Et π ˆt+1 ) + θsg (ˆ gt − Et gˆt+1 ) − ΨEt βˆt+1 , where Ψ =



θϕ(1−sg )−θ+1 . σϕ



(29)



Then, combine (16) and (17) and log-linearize to obtain the Phillips
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curve π ˆt =



(1 − ω)(1 − ωβ) mc ˆ t + βEt π ˆt+1 . ω



(30)



The IS equation, (29), and the Phillips curve, (30), fully characterize the equilibrium. We now define the business cycle states in the linearized equilibrium of the model economy as follows: Definition 1. At period t, the economy is in expansion if βˆt = bL and in recession if βˆt = bH , where bL < 0, bH > 0, and bL = −bH . When βˆt = bL , agents are less patient than in the steady state, which makes households consume more and drive up intermediate goods firms’ demand, generating an expansion, and vice versa for βˆt = bH , generating a recession. In reality, the length of an expansion is typically longer than that of a recession. Thus, we assume people in expansion are more likely to expect that the same state will continue in the next period than in recession. To capture this idea and to make the solution tractable, we make the following expectation assumptions about future discount factors in the two business cycle states. Assumption 1. When an economy is in expansion, P (Et βˆt+1 = bL |βˆt = bL ) = 1, P (Et βˆt+2 = bL |Et βˆt+1 = bL ) = 0.5, and P (Et βˆt+2 = bH |Et βˆt+1 = bL ) = 0.5. When an economy is in recession, P (Et βˆt+1 = bH |βˆt = bH ) = 1, P (Et βˆt+2 = bH |Et βˆt+1 = bH ) = 0, and P (Et βˆt+2 = bL |Et βˆt+1 = bH ) = 1. Assumption 1 says that, when an economy is in expansion at time t, households expect that the expansion will be in place for t + 1 with probability 1, and they expect that it switches to recession at t+2 with a probability of 0.5. On the other hand, if an economy is in recession at t, then they also expect that the economy would continue to be in recession at t + 1 but they expect the economy to switch to expansion at t + 2 with probability 1. Later we adopt general AR(1) specifications for the shocks, with households forming expectations based on the stochastic process of discount factor shocks. Under Definition 1 and Assumption 1, we obtain Proposition 1: 11



Proposition 1. Without DNWR, the government spending multiplier is given by My =



ωθ , ω + Ψα(1 − ω)(1 − ωβ)(ϕ − 1)



(31)



and the multipliers are the same in expansions and recessions. Proof. See Appendix B.1. Under the common values calibrated for the Frisch elasticity of labor elasticity (ϕ ≥ 2, implying the Frisch elasticity is equal or smaller than 1) and the government-to-output share (sg << 0.5), Ψ =



θϕ(1−sg )−θ+1 σϕ



> 0, and My > 0. This means that the government spending



multiplier is positive under full employment in our model. Note that with flexible prices (ω = 0), equation (31) has a government spending multiplier of zero. Under the GHH preference without nominal price stickiness, the added government demand drives up prices fully and the real interest rate, which brings forth a large crowding out effect on consumption and investment, offsetting the demand increase from the government. Lack of positive labor response from negative wealth effect leaves the labor supply curve still. Thus, a government spending increase has no stimulus power. On the other hand, the GHH preference combined with nominal price stickiness produces positive government spending multipliers. In response to higher aggregate demand (as prices do not rise fully immediately), the labor demand curve shifts outwards, leading to a higher wage rate and equilibrium labor. This shifting is bigger as the prices become more sticky (a bigger ω), which leads to a bigger spending multiplier.7 To explore the role of DNWR in state-dependent government spending effects, we consider a scenario where a sufficiently large discount factor shock hits at time t to trigger binding DNWR, similar to the assumption made in Christiano et al. (2011). Assumption 2. Suppose that the economy at t − 1 has full employment (i.e., DNWR does not bind) and wˆt−1 > 0. At time t, the economy is hit by a discount factor shock—bH . Then, 7 Monacelli and Perotti (2008) show that, with nominal price stickiness, the size of the multiplier increases as the degree of complementarity between hours and consumption rises. Such complementary is highest without the wealth effect on labor supply, as in GHH preferences. Under this setup, a wide range of parameterizations can generate large multipliers exceeding one.
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from Assumption 1, Et βˆt+1 = bH and Et βˆt+2 = bL . Let bH be sufficiently contractionary to make DNWR bind at t, while bL is sufficiently expansionary to generate time t expectation of full employment at t + 2. DNWR results in a real wage rigidity. To see this, rewrite (6) in real terms, wt >



wt−1 , πt



(32)



which indicates that inflation at t can lower the floor of the real wage rigidity. Log-linearizing (32) yields wˆt > wˆt−1 − π ˆt .



(33)



Let ∗ denote the full-employment equilibrium value for endogenous variables; i.e., the equilibrium values as if there were no DNWR, so desired labor supply equals labor demand. Then wˆt∗ is the full-employment wage rate, and DNWR is triggered when wˆt∗ < wˆt−1 − π ˆt .



(34)



In this circumstance, the effective wage rate is wˆt = w ˆt−1 − πˆt > wˆt∗ . In recession, a contractionary discount factor shock, as a negative demand shock, lowers inflation and wˆt∗ (because reduced goods demand decreases labor demand and hence the full-employment wage). From (34), it can be seen that a smaller wˆt∗ or a lower inflation (which increases the real wage floor) makes DNWR more likely to bind.8 In our model (and likely in reality), DNWR aggravates a recession. A contractionary discount factor shock discourages consumption and suppresses aggregate demand. The price level falls somewhat despite nominal price rigidity. If there were no DNWR, in response to a bH , the real wage rate falls until the labor market clears. The decreased real wage also implies that goods prices adjust downward in recession, which mitigates some negative effect on goods demand from a contractionary discount factor shock. 8 To see explicitly how a contractionary discount factor shock lowers the full-employment wage, note that in recession Et βˆt+1 = bH from Assumption 1. By combining (B.1) and (B.4) in Appendix B.1, we have the full-employment wage w ˆt∗ = R R R (ϕ − 1)Ay gˆt + (ϕ − 1)By bH , where (ϕ − 1)By < 0.
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With DNWR, as the real wage cannot fall below its floor, the effective real wage decreases by a smaller magnitude, leading to a bigger labor decline than otherwise without DNWR. Also, a smaller decline in the real wage means that price cannot fall as much as without DNWR, amplifying the negative effect of the discount factor shock on goods demand. Thus, with a more severe decline in goods demand, firms produce less than otherwise without DNWR. Although households in the economy with DNWR earns a higher wage rate than in one without DNWR, the rise of unemployment has a negative income effect, which lowers consumption more than otherwise without DNWR, leading to a more severe recession. Proposition 2. Under Assumption 2, the government spending multiplier in recession with DNWR (MyDN W R ) is bigger than that in expansion: MyDN W R = θ > My .



(35)



Proof. See Appendix B.2. A bigger government spending multiplier in recession with DWNR can be understood from the result that DWNR deepens a recession. In expansion, a government spending increase has the usual effect that it increases labor and output. In a NK model, more government spending raises goods demand, which prompts intermediate-goods producers to hire more labor, raising the real wage and hence the real marginal cost. Firms thus increase goods prices, pushing up inflation. Under active monetary policy, the real interest rate increases, crowding out some private demand, decreasing consumption. If, however, the spending increase occurs in recession with DNWR, higher aggregate demand shrinks unemployment as higher labor demand from a fiscal expansion increases labor demand relative to the case without a fiscal expansion. In addition, when the size of a spending increase is not big enough to dissipate DNWR (as assumed here), a spending increase does not drive up the real wage. In this simple model with i.i.d. government spending shocks, a one-time exogenous increase in government spending also does not increase inflation as agents do not expect higher future inflation. As inflation does not rise, the monetary authority does not raise the
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nominal interest rate, which leaves the real rate unchanged. Unlike a government spending increase in expansion, the real wage and the real interest rate both do not rise in response to a government spending increase. The different responses of unemployment and the real interest rate to a government spending increase in different business cycle states is formally presented below. Proposition 3. In expansion, a government spending increase has no effect on unemployment (dˆ ut /dˆ gt = 0) but raises the real interest rate (dˆ rt /dˆ gt > 0). In recession with DNWR, a government spending increase reduces unemployment (dˆ ut /dˆ gt < 0) but does not increase the real interest rate (dˆ rt /dˆ gt = 0). Proof. See Appendix B.3. The result that the real interest rate does not rise in response to a government spending increase in recession is a special case. Later in the quantitative analysis, we see that once a general government spending process is adopted (like an AR(1)), current inflation can rise due to expected higher future government spending. The result that government spending multiplier is bigger in recessions than in expansions, however, remains standing.
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Quantitative Analysis



The above analysis highlights the key mechanisms through which DWNR generates business cycle-dependent multipliers. This analysis, while illuminating, does not produce empirically sensible results as many strong assumptions (such as i.i.d. spending shocks and stylized expectations for discount factors) are necessary to produce analytical solutions. This section goes back to a common NK model and obtain a fully nonlinear rational expectation solution. It first quantifies government spending multipliers. Next, it studies how the degrees of DNWR matter for government spending effects and explores an alternative preference—the KPR preference (King et al. (1988))—to see whether the wealth effect of labor supply alters the result of state dependent multipliers. Lastly, it derives the implication of government spending sizes in recessions in terms of its effectiveness to facilitate economic recoveries. 15



The quantitative model modifies the setup in Section 3 as follows. We assume that both discount factor and government spending shocks follow AR(1) processes: ln



βt−1 βt = ρβ ln + εβt , β β



(36)



ln



gt−1 gt = ρg ln + εgt , g g



(37)



where εβt ∼i.i.d. N(0, σβ2 ) and εgt ∼i.i.d. N(0, σg2 ). Our baseline simulation exercises inject sufficiently contractionary discount factor shocks (i.e., positive εβt ’s) to generate a recession state where DNWR binds. Also, we return to the general specification for DNWR as laid out in Schmitt-Groh´e and Uribe (2016), Wt > γWt−1 ,



(38)



where 0 ≤ γ ≤ 1, and the price floor for nominal wages are γWt−1 . When γ = 0, nominal wages are perfectly flexible, and when γ = 1, they are absolutely downward rigid. 4.1



Calibration and the Solution Method



We use the following baseline parameter values, typical of those in the macro literature. The quarterly real interest rate is set to 1% so β = 0.99. Preferences over consumption are logarithmic, so σ = 1. A Frisch labor elasticity of 0.5 implies that ϕ = 3, and χ is determined by the assumption that the steady-state labor is n = 1. We assume that intermediate goods firms’ price markup is 15 percent, so θ = 7.67. The degree of price stickiness, ω, is set to be 0.75, implying an average price rigidity of one year. The steadystate government spending-to-output ratio is 0.2. To calibrate the stochastic process of government spending, we estimate an AR(1) process using detrended U.S. data, which yield ρg = 0.81 and σg = 0.0096.9 Given a wide range of values on the persistence in the discount factor used in the literature—e.g., 0.18 in Fern´andez-Villaverde et al. (2015b) and 0.80 in 9 Real government spending is measured as the sum of government consumption expenditure and gross government investment (NIPA Table 3.1, lines 21 and 39) less consumption of fixed capital (NIPA Table 3.1, line 42), deflated by the GDP deflator. The original data are detrended by the HP filter.
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Fern´andez-Villaverde et al. (2015a), we set ρβ = 0.6 and σβ = 0.0008.10 Monetary policy follows a Taylor principle with φ = 1.5. To calibrate the degree of DWNR, γ, we follow Schmitt-Groh´e and Uribe’s (2016) method. Since γ represents a constraint that captures the lower bound of the nominal wage, we resort to the largest economic downturn in the postwar U.S. history—the Great Recession—to calibrate γ. Around this recession, the peak nominal hourly compensation occurs in 2008Q4 (an index number of 100.2) and the trough occurs in 2009Q1 (97.7), this implies a ratio of 0.975. Since changes in nominal wages also reflect real economic growth, we divide this ratio by the long-run average quarterly growth rate in real GDP from 1947 to 2015 to obtain γ = 0.96. The full nonlinear model is solved using the monotone mapping method, a numerical algorithm based on Coleman (1991) and Davig (2004). This method discretizes the state space, which requires a set of initial guesses and finds a fixed point in decision rules for each point in the state space. Let St denote the state space at date t. The solutions converge to functions that map the minimum set of state variables, including the current discount factor and government spending, and lagged relative price dispersion and the real wage rate (St = (βt , gt , ∆t−1 , wt−1 )), into values for the endogenous variables (nt , k1t , and k2t in (16)). Appendix C describes the procedure to solve the nonlinear model. 4.2



Quantifying State-Dependent Multipliers



To obtain an analytical solution, the previous analysis of expansion states focuses on one particular discount factor value (βˆL = bL < 0, see Assumption 1), which drives the economy above the steady state. DNWR in our model only operates in recessions, and our comparison of spending multipliers in various states can be thought as multiplier differences when DNWR binds or not. Thus, this section broadly defines that the expansion states are the states where DNWR does not bind, which includes the steady state. To facilitate comparison, our simulations focus on a particular recession and expansion, 10 The value of σ matters for our simulations. A relatively small σ is chosen so that it is unlikely to trigger the zero lower β β bound and ensures determinacy.
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referred as the recession state and the expansion in the following discussion. In Figure 2, the recession state (solid lines) is generated by injecting a contractionary discount factor shock at time 0, which leads the discount factor to rise by 2% above its steady-state level (β from 0.99 to 1.01). From time −5 to −1, we inject a series of expansionary (negative) discount factor shocks, so that the real wage at time −1 is 6.80% above the steady state.11 Combining a high lagged real wage rate at time −1 and a contractionary discount factor shock at time 0, DNWR binds at time 0, with the 6.45% unemployment rate and the −5.45% output gap. In Figure 2, the expansion state (dashed lines) starts from the steady state at time 0. In both states, government spending increases by 1% of the steady-state level at time 0, following the process of (37). As the initial states are different, the units are measured by gaps between paths with and without the government spending shock, scaled by the deterministic steady-state values, except for unemployment and the discount factor. The unemployment rate is in level difference, and the discount factor is in percent deviation from the steady state. Since the expansion state has full employment with or without the spending shock, the difference in the unemployment rates stays at zero throughout the horizon. From Figure 2, we see the main differences between the two states lie in unemployment, output, the wage rate, inflation, and the real interest rate as in the analytical model. In either state, government spending increases labor and output, but it is much more expansionary in the recession state than in the expansion state. Output rises by 0.34% of their steady-state values in the recession state, compared to only 0.11% in the expansion state. Surprisingly, the short-run consumption responses move in the opposite directions: on impact it increases by 0.18% in the recession while decreasing by 0.11% in the expansion. This is consistent with Dupor et al.’s (2017) results that a government spending increase can generate positive consumption with nominal wages stuck at a level higher than its market clearing wage. Table 1 reports the cumulative government spending multipliers for output and consump11 From



ˆt−1 is, the easier it is for DNWR to bind. (38), it can be seen that the higher w



[−0.87% − 1.38% − 1.69% − 1.88% − 1.99% 2.01%].
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tion in the two states, computed as Pk
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rt+i−1 −1 △xt+i−1



i=1 rt+i−1



−1 △g



,



x ∈ {y, c},



(39)



t+i−1



where △ denotes level changes relative to a path without government spending increase, and t rt = Et πRt+1 is the real interest rate. The impact multiplier for output (consumption) is 1.71



(0.71) in the recession state versus 0.57 (−0.43) in the expansion state. This quantitative assessment is roughly in line with the estimates by Auerbach and Gorodnichenko (2012b). Their baseline results have the short-run (the first year) government spending multipliers are between 0 and 0.5 in expansions, and between 1 and 1.5 in recessions.12 Why does consumption have opposite responses in different states? The very different short-run consumption responses in the two states can be explained from the real interest rate channel and the positive income effect resulting from reduced unemployment in recessions. In the expansion state, the consumption decline can be mainly explained by the interest rate channel. As in the analytical model, government spending adds to goods demand and drives up inflation despite sluggish price adjustments. As the monetary authority increases the nominal rate more than the inflation increase, the real interest rate rises and consumption falls. In the recession state, the interest rate channel is operating, but a government spending increase in the recession state has positive income effects, resulting from reduced unemployment. On the one hand, like in the expansion state, a positive government spending shock raises the expected goods demand and expected real wages and inflation. This expectation is, however, discounted in the recession state, as DNWR remains binding in the first two periods. Current inflation thus increases less in the recession state than in the expansion state. Consequently, this does not raise nominal interest rate as much, resulting in a smaller increase in the real interest rate. On the other hand, the increasing inflation in the recession state effectively lowers the real wage floor (γ wπt−1 ) implied by (38), further increasing labor t demand. The reduced unemployment increases households’ income, increasing consumption, 12 Our longer term multipliers are not directly comparable to those in Auerbach and Gorodnichenko (2012b) as their empirical estimates are periodic multipliers and we have cumulative multipliers.
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dominating the negative consumption effect of the rising real interest rate. The positive consumption response in the recession state helps explain why government spending is more stimulative in recessions. Instead of crowding out private demand in expansions, government spending in recessions can increase private demand, enhancing its effectiveness as a demand stimulus. Our positive consumption response provides a theoretical alternative to be reconciled with empirical VAR evidence that a government spending increase crowds in consumption (as found in Fatas and Mihov (2001), Blanchard and Perotti (2002), and Bouakez and Rebei (2007)), without resorting to nonsavers (as in Gali et al. (2007), Colciago (2007), and Furlanettom (2011)) or complementarity between consumption and government spending (as in Bouakez and Rebei (2007)) to generate the crowding-in effect. The result that DNWR can generate the positive consumption response in recessions depends on the relative strength of negative wealth effects from expecting higher government spending and positive income effects from reduced unemployment. The relatively importance of the income effect and other channels in explaining observed positive consumption response remains to be verified empirically.13 A noticeable difference between the analytical model and the quantitative model is on the response of the real interest rate in recessions: the real interest rate stays the same in the analytical model but increases in the quantitative model. The difference is driven by the process of government spending. In the quantitative model, the government spending increase is persistent. This means that the expectation of higher future demand would drive up the current inflation further relative to the case of i.i.d. spending shocks. The higher current inflation then generates a higher nominal and, hence, real interest rate increase. Despite the rising real interest rate, its magnitude is substantially smaller than the increase in the expansion state (see Figure 2) and hence the crowding-out effect is also smaller. Thus, as the positive income effect still dominates the crowding-out effect from the higher real interest rate, government spending remains more expansionary in recessions in the quantitative 13 Monacelli and Perotti (2008) also find that with the GHH preference without wealth effect on labor supply, government spending can “crowd in” private consumption.
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model. 4.3



Degree of downward nominal wage rigidity



The central driver to generate the state-dependent government spending multipliers is DNWR. This section investigates how the degrees of DNWR, captured by the size of γ, can affect government spending multipliers in recessions. Figure 3 compares our baseline simulation (γ = 0.96, solid lines) to the results from more rigid DNWR (γ = 0.98, dashed lines). When γ rises, the government spending multiplier on impact increases from 1.71 to 1.89, and it is also persistently higher relative to the baseline. The row of γ = 0.98 in Table 2 summarizes the multiplier for output and consumption. The consumption multiplier is also persistently higher with γ = 0.98 throughout the horizon. For a given discount factor shock, a higher degree of DNWR indicates that real wages stay at a higher level with γ = 0.98 than 0.96. As a result, DNWR binds for a longer period. When the real wage floor is higher, the unemployment is more severe and recession deeper. Under these condition, a government spending increase is more effective than the case of γ = 0.96 to close the unemployment gap. In this simulation, the initial unemployment rate is 9.41% when γ is 0.98 versus 6.45% in the baseline, but a government spending shock lowers unemployment more when γ = 0.98, as shown in Figure 3. A larger decrease in unemployment brings forth a larger positive income effect, which makes consumption and hence output rise more than the base case. Table 2 shows that with γ = 0.98, the impact output multiplier rises to 1.89 (compared to 1.71 in the baseline with γ = 0.96). Also, more positive income effect with γ = 0.98 leads to a bigger consumption multiplier at 0.89 on impact (compared to 0.71 in the baseline). 4.4



Wealth Effects on Labor Supply



The baseline specification has a GHH preference and thus does not have a wealth effect on labor supply. In this section, we modify the model to adopt the commonly used KPR (King et al. (1988)) preference. We explore whether business cycle-dependent multipliers are
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robust when the wealth effects on labor supply are present. To proceed, the preference (1) is modified as: max



∞ X t=0



[ct (1 − χnϕt )]1−σ dt . 1−σ



(40)



To make the current preference comparable to the previous one, we re-calibrate ϕ here such that the elasticity of labor supply is 0.5 under both the two preference. The labor supply equation with the KPR preference is wt χϕ(nst )ϕ−1 = , s ϕ 1 − χ(nt ) ct



(41)



which differs from previous labor supply under GHH preference (χϕ(nst )ϕ−1 = wt ): labor supply now depends on real wages and on consumption. A positive government spending shock indicates higher future taxes, creating a negative wealth effect that shifts the labor supply curve to the right. An increase in labor supply alters the government spending effects mainly through its weakened effectiveness in reducing unemployment. Recall that unemployment is caused by the gap between desired labor supply and labor demand when the real wage floor binds. With an increase in the desired labor supply, a spending increase is less effective in closing the unemployment gap and hence generates a smaller positive income effect relative to the case with the GHH preference. Figure 4 compares the responses to a government spending increase in the recession state under the two preferences.14 As shown in Figure 2, the positive income effect under GHH generates a positive consumption response despite the crowdingout of private demand by the rising real interest rate. Under KPR, in contrast, consumption falls instead as the weaker income effect is dominated by the negative consumption response to the increasing real interest rate. With crowding-out of private consumption, a government spending increase under KPR is less stimulative than under GHH. The impact output multiplier falls to 0.65 under KPR 14 To make the initial recession state at t = 0 similar to the baseline, we inject discount factor shocks from t = −5 to 0 such that the unemployment rate is 6.31% and lagged real wages are 6.67% above the steady state. As a result, the initial condition of the baseline has an unemployment rate of 6.45% and lagged real wages of 6.80%, above their steady state levels.
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(see Table 3), compared to 1.71 under GHH (the baseline, Table 1). In response to an overall smaller goods demand, Figure 4 shows that equilibrium labor and inflation increase less under GHH than under KPR, which results in a smaller increase in the real interest rate. Also, the real wage rate falls less initially under KPR because of a smaller increase in inflation, making the real wage floor falls less than under GHH. In the later periods, however, the real wage under GHH rises more, because higher goods demand drives up the real wage rate more once DNWR dissipates. From Table 3, we see that it remains the case that the output multipliers are bigger in recessions than in the expansion state. The difference, however, shrinks substantially in the presence of wealth effects on labor supply. Our comparison indicates that the wealth effect of labor supply is important in affecting the differences in the government spending multipliers between recessions and expansions. The empirical importance of the negative wealth effect on labor supply of government spending shocks has been examined: in a DSGE model that accommodates various degrees of wealth effects on labor supply, Schmitt-Groh´e and Uribe’s (2012) estimation finds the wealth effects on labor supply is almost nonexistent, consistent with the GHH preference as assumed in our baseline. 4.5



Sizes of Government Spending Shocks



Our analysis so far shows that government spending in recessions can stimulate output and thus facilitate the recovery from a recession. One practical policy question to ask is how big a spending increase should be. Using nonlinear solutions, we can compare the government spending effects under the baseline 1-percent increase to an alternative 5-percent increase of the steady-state level. Surprisingly, Table 2 shows that the a bigger stimulus (a 5% increase) indeed has slightly smaller output and consumption multipliers than a smaller (a 1% increase). To understand this result, we return to the two channels that cause government spending to be more expansionary in the recession state. Intuitively, a bigger spending increase should add more to aggregate demand, increasing more the firms’ labor demand, and hence be more effective in
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closing the gap between labor demand and desired labor supply than a smaller increase. A larger reduction in unemployment should, in turn, brings forth a stronger positive income effect, leading private consumption to increase more. In addition to reduced unemployment, a bigger current spending stimulus and, hence, a bigger expected future spending increase drive up current inflation more than a smaller stimulus, which induces the monetary authority to raise the nominal rate more to combat inflation. Consequently, the real interest rate rises more with a 5% shock than a 1% shock and, hence, consumption crowding-out is more severe, offsetting the stronger positive income effect from reduced unemployment. Figure 5 compares the responses of various economies, which start with the same recession state at time 0, but are injected with different spending stimuli.15 With a 5% spending increase, output returns to the steady state in 5 quarters versus 10 quarters for a 1% increase. Quantitatively, the recovery paths of the two stimulus scenarios are very close. A 5% increase lowers unemployment more than a 1% increase. Without the stimulus, the unemployment rate is 6.45%; the 1% spending increase lowers this to about 6%, compared to around 4.5% with a 5% spending increase. Despite being effective to lower unemployment, the consumption responses between the two scenarios are quite similar, mainly because of higher inflation and the real interest rate in the 5% spending case. Overall the benefits of a bigger stimulus must be weighed against its costs. Although the two spending sizes have similar macroeconomic effects, our model only considers lumpsum financing (see (21)). When deficit financing with distorting fiscal adjustments (such income tax rate hikes or government spending reversals) later, additional negative effects that counteract the initial expansionary effects of a spending increase. Our analysis suggests a bigger stimulus facilitates a recovery somewhat, but its effectiveness (measured by output multipliers) can be slightly smaller than for a smaller stimulus. 15 Different from previous figures of impulse responses, this figure does not plot the difference with and without a government increase. Instead, it shows the combined responses to a contractionary discount factor shock plus a government spending shock so that we can see how stimulus sizes can matter for recovery speed in terms of where the economy is relative to the steady state.
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5



Evidence of State-Dependent Government Spending Effects via DNWR



To show that the theoretical channels we proposed here are empirically important, we conduct a regime switching structural vector autoregression (SVAR) estimation following Auerbach and Gorodnichenko (2012b). Instead of estimating SVARs for each state of the economy separately, they estimate an SVAR with smooth transitions across recessions and expansions. With U.S. quarterly data from 1947Q1 to 2008Q4 on a system of government spending, tax revenues, and output, their estimates of the peak output multipliers within the first year after the shocks are between 0 and 0.5 in expansions and between 1 and 1.5 in recessions for the basic results. The key predictions of our theoretical model is that the real wage rises less for a government spending increase in recessions than in expansions. Also, the reduced crowding out effect is reflected in the positive consumption response to a government spending increase in recessions. Thus, we extend Auberbach and Gorodnichenko’s (2012b) specification by estimating a system of government spending, output, real wages, and consumption.16 Following their basic specification, we estimate the SVAR model: Xt = [1 − F (zt−1 )] ΠE (L)Xt−1 + F (zt−1 )ΠR (L) + Xt−1 + ut ,



ut ∼ N(0, ωt )



Ωt = ΩE (1 − F (zt−1 )) + ΩR F (zt−1 ) F (zt ) =



exp(−γzt ) , 1 + exp(−γzt )



(42)



where Xt = [gt , yt , wt , ct ], var(zt ) = 1, E(zt ) = 0, and γ = 1.5, implying that the economy is in recessions about 20% of the time. We use their definitions of government spending and output, but extend the sample period from 1947Q1 to 2016Q3. Private consumption is real personal consumption expenditures on nondurables and services, and the real wage rate is the real hourly compensation in nonfarm business.17 We impose the common identifica16 Adding



tax revenue, as in Auerbach and Gorodnichenko (2012b), does not affect the results much as presented here. spending is the sum of government consumption expenditure and gross government investment (NIPA Table 3.1, lines 21 and 39) minus consumption of fixed capital (NIPA Table 3.1, line 42). Output is the gross domestic product (TIPA 17 Government
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tion assumption that government spending does not contemporaneously respond to output, wages, and consumption. Three lags are included in the estimation. Figure 6 displays the impulse responses for a government spending shock in both the linear model and in the regime-switching model with expansions and recessions. The shaded bands around the point estimates are 90% confidence internals. The units of government spending, output, and consumption responses are periodic multipliers, in which percent deviations are converted to level deviations by the sample averages of each variable. The units of real wage responses are percent deviations due to a 1-percent increase in government spending. The results from the linear model (circle lines) have a government spending peak multiplier of around 0.6, which is at the low end of existing estimates that do not distinguish among states (e.g., Barro and Redlick (2011)). Although many VAR estimates show that a government spending increase leads to positive private consumption responses (e.g., Blanchard and Perotti (2002) and Gali et al. (2007)), our linear estimate with samples after the global financial crisis shows a slightly positive but insignificant consumption response, and it turns negative in later periods. This result is also consistent with Barrow and Redlick’s (2011) finding using defense spending. Similar to consumption, our linear estimation shows that a government spending increase has slightly negative but insignificant response on real wages. The existing empirical evidence on the real wage response to a government spending increase is mixed. Some find insignificant real wage responses to a government spending increase (e.g., Rotemberg and Woodford (1992), Ramey and Shapiro (1998)18 , and Ramey (2011) with war dates of predicting future defense spending increase), and some find significant negative responses (e.g., Burnside et al. (2004) with after-tax real compensation). Like Auerbach and Gorodnichenko (2012b), we find business cycle-dependent government spending effects. Our peak output multiplier rises to 1.2 in recessions and drops to 0.4 in expansions. Although the multiplier in expansions are similar to theirs (0.6), the multiplier in recessions is much smaller than their estimate (2.48). Since our sample differs from theirs Table 1.1.4, line 1). Private consumption is the sum of personal consumption expenditures on nondurable goods and services (NIPA Table 1.1.5, lines 5 and 6). All nominal variables are adjusted by the GDP deflator. Real wages are measured by the index of real hourly compensation in nonfarm business (2009=100, the BLS, PRS85006153). 18 When deflating with the producer price index, Ramey and Shapiro (1998) find that the real wage has significant negative response to a government spending increase initially but turn insignificant afterwards.
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mainly in extending the data to include the Great Recession, this suggests that government spending may be less effective in recent data, given that the U.S. government is heavily indebted. Aside from output, we also find business cycle-dependent responses of real wages and consumption. In expansions, the real wage response is minimal, similar to the result from the linear estimation. In recessions, however, we see that real wages respond negatively to a spending increase, consistent with theoretical prediction that real wages can turn negative in recessions in the short run, and positive in expansions (as shown in Figure 2). Similarly, the nonlinear results in significantly positive consumption responses in recessions, compared to muted responses in expansions. Although our estimation results do not match the quantitative differences implied by the theoretical responses, they line up with the key channels of DNWR in producing statedependent government spending multipliers: 1) a smaller real wage increase (or even decline) in recessions due to binding DNWR, and 2) a more positive consumption response due to the income effects from reduced unemployment and reduced crowding out because of a smaller real interest rate rise. To keep the nonlinear model solution manageable, our theoretical model abstracts from several important aspects that can be also important for the quantitative effects of government spending. For example, the model does not have nominal wage rigidity. If incorporated, this can dampen the positive wage responses in expansions. Also, the model does not have commonly incorporated real sluggish adjustments, like consumption habit formation. If incorporated, this can smooth the dramatic consumption changes within the first few quarters of expansions.
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Conclusion



This paper demonstrates that downward nominal wage rigidity (DNWR) can generate government spending multipliers that are business cycle dependent. To this end, we build a simple NK model in which DNWR can bind in recessions. We first obtain the analytical linear solution from its simplified version to show that government spending can be more 27



stimulative in recessions than in expansions via two channels. First, government spending in recessions with DNWR induces a smaller increase in inflation and hence a smaller increase in nominal and real interest rates, producing a smaller crowding out than in expansions. Second, government spending in recessions reduces unemployment, raising households’ income and private demand, amplifying the expansionary effects of a spending increase. The simulation from the quantitative model shows that the impact output multiplier is 1.71 in the simulated recession state (where the unemployment rate is 6.45%) and is 0.57 in the expansion state (which is the deterministic steady state with full employment). Despite the substantial difference in output multipliers, consumption responses in these two different states have the opposite signs: it has the usual theoretical negative response in standard DSGE models in the expansion state, but turns positive in the recession state. The positive consumption response does not rely on the existence of nonsavers or utility-generation government consumption, our positive consumption response in expansions provides an explanation for the positive consumption response to a government spending increase in empirical VAR evidence. To verify whether the theoretical channels we outline are empirically relevant, we estimate business cycle-dependent government spending effects. In addition to a higher government spending multiplier in recessions, our estimation finds that consumption responds positively for a spending increase while it is negative in expansions. Also, real wages are lower to a government spending increase in recessions than in expansions. These results suggest that DNWR is empirically important in contributing to business cycle-dependent spending multipliers.
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Appendix A



Equilibrium conditions λt = (ct − χnϕt )−σ



(A.1)



χϕnϕ−1 = wt t



(A.2)



λt = Rt Et



βt+1 λt+1 πt+1



mct =



wt at



(A.3) (A.4)



Pt∗ θ k1t = Pt θ − 1 k2t



(A.5)



θ k1t = λt yt mct + ωEt βt+1 k1t+1 πt+1



(A.6)



θ−1 k2t = λt yt + ωEt βt+1 k2t+1 πt+1



(A.7)



1  1−θ  θ−1 1 1 − ω Pt∗ πt = − ω ω Pt



(A.8)







yt =



at nt ∆t



y t = ct + g t  ∗ −θ P ∆t = (1 − ω) t +ωπtθ ∆t−1 Pt Rt = max(Rπtα1 , 1) βt βt−1 = ρβ ln + εβt β β at at−1 ln = ρa ln + εat a a gt−1 gt + εgt ln = ρg ln g g



ln



29



(A.9) (A.10) (A.11) (A.12) (A.13) (A.14) (A.15)



Appendix B Appendix B.1



Analytics of the Linear Model Proof of Proposition 1



When DWNR does not bind, an economy has full employment; i.e. nst = nt or ut = 0 in (7). We can use (A.2), (A.4), and (A.9) to derive the marginal cost: mc ˆ t = wˆt = (ϕ − 1)ˆ nt = (ϕ − 1)ˆ yt .



(B.1)



Then, using (B.1) in (30), the equilibrium system can be summarized by yˆt = Et yˆt+1 − Ψ(αˆ πt − Et π ˆt+1 ) + θsg (ˆ gt − Et gˆt+1 ) − ΨEt βˆt+1 π ˆt = βEt π ˆt+1 +



(1 − ω)(1 − ωβ)(ϕ − 1) yˆt . ω



(B.2) (B.3)



Let the full-employment solution (denoted by “∗”) take the form: yˆt∗ = Ajy gˆt + Byj Et βˆt+1 π ˆt∗



=



Ajπ gˆt



+



Bπj Et βˆt+1 ,



(B.4)



where j ∈ {E, R}, and E (R) indicates the states of an expansion (a recession). Given an i.i.d process of government spending (see (20)), the expected output and inflation are given by, ∗ Et yˆt+1 = Byj Et βˆt+2 ∗ Et π ˆt+1



=



Bπj Et βˆt+2



(B.5)



According to Definition 1 and Assumption 1, Et βˆt+1 = bL and Et βˆt+2 = 0.5bL + 0.5bH = 0 in expansions, and Et βˆt+1 = bH and Et βˆt+2 = bL in recessions. Apply these assumptions and substitute (B.4) and (B.5) to (B.2) and (B.3). Then, we obtain the solution of the following
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form: Ay = AEy = ARy = Aπ = AEπ = ARπ = ByE = ByR



=



BπE = BπR =



ωθsg >0 ω + Ψα(1 − ω)(1 − ωβ)(ϕ − 1) θsg (1 − ω)(1 − ωβ)(ϕ − 1) >0 ω + Ψα(1 − ω)(1 − ωβ)(ϕ − 1) −ω 


(B.6)



The government spending multiplier is: Ajy dyt∗ yˆt∗ Y ωθ My = = = = , dgt gˆt G sg ω + Ψα(1 − ω)(1 − ωβ)(ϕ − 1)



j ∈ {E, R}.



(B.7)



(B.7) shows that without DNWR binding, the fiscal multiplier in expansions and recessions are exactly the same. Appendix B.2



Proof of Proposition 2



To derive the government spending multiplier in recession where DNWR binds. We maintain ˆt−1 > 0, and it is hit Assumption 2 that the economy at t − 1 has full employment and w by a sufficiently large contractionary discount factor shock (bH ) such that DNWR binds at t. To solve the equilibrium with DNWR, substitute mc ˆ t with wˆt in (30), which now equals wˆt−1 − π ˆt , which yields the equilibrium conditions with DNWR: yˆt = Et yˆt+1 − Ψ(αˆ πt − Et π ˆt+1 ) + θsg (ˆ gt − Et gˆt+1 ) − ΨEt βˆt+1



(B.8)



(1 − ω)(1 − ωβ) (wˆt−1 − π ˆt ). ω



(B.9)



π ˆt = βEt π ˆt+1 +



Different from the full-employment equilibrium condition, the real wage rate from the last period (wˆt−1 ) plays a role in determining the current real wage as wˆt−1 enters the state space 31



as shown in (B.9). Thus, the solution takes the form of yˆt = Ey wˆt−1 + Fy gˆt + Hy bH



(B.10)



π ˆt = Eπ wˆt−1 + Fπ gˆt + Hπ bH . From Assumptions 1 and 2, once Et βˆt+1 = bH , Et βˆt+2 = bL with probability 1, and bL does not trigger DNWR. As a result, the expected output and inflation are given by the full employment solution, Et yˆt+1 = ByE bL Et π ˆt+1 =



(B.11)



BπE bL



Substitute (B.10) and (B.11) to (B.8) and (B.9), Ψα(1 − ω)(1 − ωβ) 0 Eπ = ω + (1 − ω)(1 − ωβ) Ey = −



Fy = θsg > 0



(B.12)



Fπ = 0 Hy = complicated Hπ = complicated In recessions with DNWR, the government spending multiplier is MyDN W R =



yˆt Y Fy dyt = = =θ dgt gˆt G sg



(B.13)



To compare the two multipliers in the state with and without DNWR binding, we subtract My as implied in (B.7) from MyDN W R and get MyDN W R



  ω ωθ >0 =θ 1− − My = θ − ω+∆ ω+∆
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(B.14)



where ∆ ≡ Ψα(1 − ω)(1 − ωβ)(ϕ − 1) > 0. Thus, the government spending multipliers in recessions with DNWR is greater than the multiplier in expansions. Appendix B.3



Proof of Proposition 3



Unemployment, defined as the difference between labor supply and the actual number of hours worked, is given by (7). From household’s labor supply equation, (8), and the production function, (18), the desired linearized labor supply is n ˆ st =



1 wˆ ϕ−1 t



but the actual linearized



labor worked is n ˆ t = yˆt . Use the solution in (B.12), we can solve for unemployment to get uˆt = =



1 (wˆt−1 − π ˆt ) − yˆt ϕ−1 Γuw wˆt−1



+



Γug gˆt



+



(B.15)



Γuβ bH ,



where 1 − Eπ ω + Ψα(1 − ω)(1 − ωβ)(ϕ − 1) − Ey = >0 ϕ−1 (ϕ − 1)[ω + (1 − ω)(1 − ωβ)] Fπ − Fy = −θsg < 0 Γug = − ϕ−1 Hπ Γuβ = − − Hy . ϕ−1



Γuw =



(B.16)



Thus, in recessions with binding DNWR, a government spending increase decreases unemployment, as



dˆ ut dˆ gt



= Γug < 0. In expansions, where DNWR does not bind and the economy is



in full employment, a government spending increase has no effect on unemployment. Next, we solve for the real interest rate using rˆt = αˆ πt −Et π ˆt+1 . In recessions with binding DNWR, substitute (B.11) and (B.12) to get rˆt = αˆ πt − Et π ˆt+1 =



Γrw wˆt−1



+
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Γrg gˆt



(B.17) +



Γrβ bH



where α(1 − ω)(1 − ωβ) >0 ω + (1 − ω)(1 − ωβ)



Γrw = αEπ =



(B.18)



Γrg = αFπ = 0 Γrβ = αHπ + BπE .



From (B.18), we see that a government spending increase does not increase the real interest rate in recessions with binding DNWR, dˆ rt = Γrg = 0 dˆ gt



(B.19)



In expansions, we use the solutions from (B.6) to solve for the real interest rate, rˆt = αˆ πt − Et πˆt+1 =



Γrg gˆt



+



(B.20)



Γrβ bL ,



where Γrg = αAπ = Γrβ



=



BπE



θsg (1 − ω)(1 − ωβ)(ϕ − 1) >0 ω + Ψα(1 − ω)(1 − ωβ)(ϕ − 1)



(B.21)






From (B.21), we see that a government spending increase increases the real interest rate in expansions. dˆ rt = Γrg > 0. dˆ gt



Appendix C



(B.22)



Numerical Method



When solving the nonlinear model, the state space is St = {βt , gt , ∆t−1 , wt−1 }. Define the decision rules for hours as nt = f n (St ), k1t = f k1 (St ), and k2t = f k2 (St ). The decision rules are solved as follows. 1. Define the grid points by discretizing the state space. Make initial guesses for f0n , f0k1 , 34



and f0k2 over the state space. 2. At each grid point, solve the nonlinear model and obtain the updated rules fin , fik1 , and k1 k2 n fik2 using the given rules fi−1 , fi−1 , and fi−1 :



(a) Derive



Pt∗ Pt



and πt , using (A.5) and (A.8).



(b) Given wt−1 and πt , compute γ wπt−1 , and compare it with the full employment wage t 6 wt∗ , wt = wt∗ ; if γ wπt−1 < wt∗ , wt = γ wπt−1 . wt∗ . If γ wπt−1 t t t (c) Compute ∆t , yt , ct , mct , and λt using (A.11), (A.9), (A.10), (A.4). and (A.1). (d) Derive the desired labor supply nst from (A.2), and then the unemployment rate is defined as



nst −nt nst



× 100%.



π (e) Given fi−1 , obtain the nominal interest rate Rt from equation (A.12). If Rπtα1 < 1,



use 1 as the nominal interest rate. k1 k2 n (f) Use linear interpolation to obtain fi−1 (St+1 ), fi−1 (St+1 ), and fi−1 (St+1 ), where



St+1 = (βt+1 , gt+1 , ∆t , wt ), where βt+1 and gt+1 are updated according to the AR(1) processes from (A.13) and (A.15). Then follow the above steps to solve λt+1 , πt+1 , k1t+1 , and k2t+1 . (g) Update the decision rules fin , fik1 , and fik2 using (A.3), (A.6), and (A.7). k1 k2 n 3. Check convergence of the decision rules. If |fin − fi−1 |, or |fik1 − fi−1 |, or |fik2 − fi−1 | are



above the desired tolerance (set to 1e − 7), go back to step 2; otherwise, fin , fik1 , and fik2 are the decision rules.
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economic states expansions recessions expansions recessions



impact 4 quarters output multiplier: PP VV (∆y) (∆g) 0.57 0.57 1.71 1.11 (∆c) consumption multiplier: PP VV (∆g) -0.43 -0.43 0.71 0.11



20 quarters 0.57 0.89 -0.43 -0.11



Table 1: Baseline simulations: output and consumption multipliers



impact 4 quarters output multiplier 1.71 1.11 1.89 1.53 1.57 1.05 consumption multiplier 0.71 0.11 0.89 0.53 0.57 0.05



baseline γ = 0.98 5% g shock baseline γ = 0.98 5% g shock



20 quarters 0.89 1.13 0.85 −0.11 0.13 −0.15



Table 2: Simulations with more rigid DNWR or more spending increase: output and consumption multipliers in recessions



economic states expansions recessions expansions recessions



impact 4 quarters output multiplier 0.51 0.51 0.65 0.56 consumption multiplier −0.49 −0.49 −0.35 −0.44



20 quarters



Table 3: Sensitivity analysis: the KPR preference.
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Figure 1: Nominal wage rigidity in the U.S. Labor variables are from the Bureau of Labor Statistics. See data description in footnote 5.
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Figure 2: Impulse responses to a government spending increase in recessions and expansions. Except for unemployment and discount factor, the y-axis is the response differences between a path with and without a government spending shock, scaled by the the deterministic steady-state values. The unemployment rate is in level difference, and the discount factor is in percent deviation from the steady state. Multiplier
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Figure 3: Responses in the recession state: different degrees of DNWR. See Figure 5 for axis units. 38
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Figure 4: Responses in the recession state: KPR vs. GHH preference. See Figure 5 for axis units.
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Figure 5: Economic performance in the recession state with two different sizes of government spending increases. All variables are in percent deviation from the steady state under the combined two shocks: the same countractionary discount factor shock plus two different government spending shocks at time 0.
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Figure 6: Impulse responses in the linear model, expansions, and recessions
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