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Abstract By introducing a labor market with search frictions into a Kiyotaki-Moore model, I study the effect of liquidity shocks and several policies. I find that in the model with endogenous separation and real wage rigidity, extended unemployment benefits could slightly alleviate the big decline in output caused by a liquidity shock through mitigating current consumption decline, but raise unemployment and slow the recovery of the labor market. Unconventional credit policy and fiscal expansion are very effective in stabilizing output. The presence of the zero lower bound on the nominal interest rate is needed to get the above results. The importance and the length of staying at the zero lower bound depend on the type of labor market rigidities. Keywords: liquidity shock, zero lower bound, search frictions, unconventional credit policy, fiscal expansion, unemployment benefits JEL codes: E24, E32, E44, E52, E58
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Introduction Most people believe that the recent recession was aggravated by the crash in ﬁnancial



markets and a liquidity shock resulting from the bankruptcy of several ﬁnancial intermediaries such as Lehman Brothers. Output decreased signiﬁcantly, unemployment climbed to a surprisingly high level and is experiencing a very slow recovery, and the stock market declined dramatically. The federal funds rate collapsed to zero at the end of 2008, which made the traditional tools of monetary policy ineﬀective. In order to stimulate the economy and decrease the unemployment rate, various alternative policies have been used. The Federal Reserve injected liquidity into the economy by large scale purchases of agency debt, mortgage-backed securities and Treasuries, and its balance sheet has been expanded from $800 billion to over $2 trillion by January 2009. Fiscal expansion is also used to help the economy go out of the recession. President Obama’s American Recovery and Reinvestment Act of February 2009 appropriated $787 billion to stimulate the economy. A third policy tool has involved unemployment beneﬁts, which were extended to 99 weeks from 26 weeks. Net reserves of the State Unemployment Insurance program trust fund balance decreased to −$25 billion at the end of June 2011 from $39.7 billion at the end of June 2008, and total unemployment beneﬁts paid by the government increased from $13.6 billion in 2008Q3 to $40.4 billion in 2010Q2. The impact of a liquidity shock as well as the eﬀectiveness of the above policies are widely debated. Was the Great Recession caused by a negative liquidity shock alone? Is the presence of the zero lower bound (ZLB) on the nominal interest rate important? Are the policies implemented eﬀective in rescuing our economy from the crisis? Does providing more beneﬁts to the unemployed workers contribute to the persistently high unemployment rate? Or does a decrease in matching eﬃciency contribute more to the slow recovery? Why do we observe labor productivity rose as GDP plummeted during the Great Recession? Del Negro et al. (2011) developed a useful New Keynesian model for addressing some of these questions, extending the ideas in Kiyotaki and Moore (2008) to develop an empirically 2



usable dynamic stochastic general equilibrium model. However, there is no unemployment in that model and no basis for discussing policy tools such as extended unemployment beneﬁts. In this paper, I add a labor market with matching frictions to their model, using two diﬀerent approaches. The ﬁrst approach follows Zhang (2012) allowing an endogenous job separation rate and real wage rigidity. The second approach follows Gertler, Sala and Trigari (2008) using exogenous separation and nominal wage rigidity instead. Financial market frictions in this paper take the same form as in Del Negro et al. (2011). Entrepreneurs face two constraints on the ﬁnancing of new investment projects: a borrowing constraint on issuing new equity and a resaleability constraint on selling existing equity holdings. A shock to the resaleability constraint is referred as a liquidity shock. Baseline policies are implemented via a simple interest rate rule constrained by the zero bound, constant government spending and constant unemployment beneﬁts. In response to the liquidity shock, government could supplement the baseline policies with one of several alternative policies, including unconventional credit policy (government purchases of private assets), ﬁscal expansion and extended unemployment beneﬁts, to stimulate the economy. Recently, there have been many inﬂuential studies on government policies at the zero lower bound. For example, Gertler and Kiyotaki (2009), Gertler and Karadi (2011), Chen, Curdia, and Ferrero (2011), Curdia and Woodford (2009a,b), and Eggertsson and Woodford (2003) study unconventional monetary policies, while Christiano and Rebelo (2009), Eggertsson (2009), Cogan, Cwik, Taylor and Wieland (2010), and Woodford(2010) focus on the ﬁscal expansion. Papers like Moyen and Stahler (2012), Nakajima (2012), and Valletta and Kuang (2010) examine the role of unemployment beneﬁts. Contrast to my paper, none of the studies on unconventional monetary policy and ﬁscal policy takes labor market with search and matching frictions into consideration, nor studies the unemployment policy, while papers studies unemployment beneﬁts are either purely empirical or in an environment without the presence of the zero lower bound on the nominal interest rate, which is essential for the eﬀect of policies both in the real economy and in the models.
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The main contributions of this paper are summarized as follows. I introduce labor market search frictions into a New Keynesian model with ﬁnancial frictions in two diﬀerent approaches, so that the impacts of the liquidity shocks on the labor market, and the eﬀectiveness of the unemployment policy could be studied. Comparing the results derived from models with diﬀerent labor market setups helps us understand the importance of diﬀerent features of the labor market. The main results from the simulation with endogenous separation and real wage rigidity are as follows. First, I conﬁrm that as in Del Negro et al. (2011), a liquidity shock can have a big impact on the economy, and depress equity prices at the zero lower bound. The latter is an important feature, since in Shi’s (2011) adaption of Kiyotaki and Moore (2008), a liquidity shock leads to an increase in equity prices, contrary to what has always been observed historically. Moreover, the impact of liquidity shocks is ampliﬁed by labor market search frictions. Second, I ﬁnd as Del Negro et al. (2011) that when the zero lower bound is binding, unconventional credit policy can be particularly eﬀective in mitigating the magnitude of the economic downturn. Third, I ﬁnd that ﬁscal expansion can prevent the decline of output eﬀectively at the zero lower bound; however, its eﬀect on investment is small, and its cumulative eﬀect on consumption is negative. Fourth, I ﬁnd that at the zero lower bound, extended unemployment beneﬁts could also be a useful tool for mitigating the decline in consumption and beneﬁting output slightly, though at the cost of raising the unemployment rate and slowing the recovery in the labor market. The longer the extended unemployment beneﬁts program lasts, the greater the cost is. Meanwhile, a lower matching eﬃciency contributes less to the slow recovery. Fifth, away from the zero lower bound, the impact of a liquidity shock is smaller, and government policies are also much less eﬀective. The model with exogenous separation and nominal wage rigidity has similar results at the zero lower bound. Without the presence of the zero lower bound, results derived from the two models are diﬀerent. The importance and the length of staying at the zero lower bound depend on the type of labor market frictions and rigidities. Diﬀerent labor market
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setups cause the diﬀerences in the predicted responses of wages and productivity following a liquidity shock, and in turn cause the diﬀerences in implied inﬂation dynamics and the severity of the zero lower bound problem. The rest of the paper is organized as follows: Section 2 is the model setup, Section 3 is the calibration, Section 4 is the analysis and results, and Section 5 is the conclusion.
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Model The main framework of the model comes from Kiyotaki and Moore (2008) and Del Negro et



al. (2011). There are ﬁve types of agents: entrepreneurs in household, workers in household, capital producers, intermediate good ﬁrms, and ﬁnal good ﬁrms.



2.1



Households



There is a representative household in the economy, and there are a continuum of members, indexed by i, measured on [0, 1], in the household. At the beginning of each period, χ fraction of the household members are selected to be entrepreneurs through an i.i.d. random draw, and the rest 1 − χ fraction of members are workers. That is, the probability of becoming an entrepreneur for a household member in a particular period is χ. In each period, the household members are re-numbered, so that a member i ∈ [0, 1 − χ] is a worker and a member i ∈ (1 − χ, 1] is an entrepreneur. Entrepreneurs have the opportunity to invest on capital, but they cannot supply labor. Workers supply labor but have no chance to invest on capital. Since not all workers are hired in each period, the workers are also re-numbered, so that a worker i ∈ [0, Ut ) is unemployed, and a worker i ∈ [Ut , 1 − χ] is employed. People in a household bring back their purchases on consumption goods Ct (i), and these goods are equally distributed among all members. Utility thus depends on the sum of all
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the consumption goods in the household: ∫



1



Ct =



Ct (i)di.



(1)



0



Consumption Ct is also a CES function over a continuum of goods with elasticity of substitution ϵp ,



∫



1



Ct = [



(Cejt )



ϵp −1 ϵp



p



ϵ de j] ϵp −1 , ϵp > 1,



0



where e j is the index of the diﬀerentiated ﬁnal consumption goods. Each member holds an equal share of the household’s assets (bonds and equities). The household does not make the labor supply decision. All unemployed members search on the job market and the frictional search and matching process determines who is employed. The representative household maximizes



E0



∞ ∑



βt



t=0



Ct1−σ 1−σ



(2)



s.t. Bt Ct + pIt It + qt (St − It − (1 − δ)St−1 ) + = pt ∫ 1−χ ∫ Ut rt−1 Bt−1 K L rt St−1 + + Dt + DtI − Tt Yit di + (A + Gut )di + p t Ut 0



(3)



The inter-temporal discount factor is β, and the relative risk aversion is σ. Unlike Smets and Wouters (2007), I don’t include the intensive margin of employment because Gertler, Sala and Trigari (2008) ﬁnd that most of the cyclical variation in employment in the United States is on the extensive margin and including the intensive margin does not aﬀect the model very much. Leisure and home production of the unemployed are not considered in the utility function. Following the convention in the literature (such as de Hann et al. (2000)), they are considered as a part of the total unemployment compensation which appears in the household’s budget constraint as part of the household’s income. The total 6



unemployment compensation includes Gut , unemployment beneﬁts paid by the government, as well as A, which represents other factors that can be measured in units of consumption goods, such as leisure and home production of the unemployed. The price for the consumption good is pt , and the gross nominal interest rate controlled by the Federal Reserve is rt . The investment on capital is represented by It , and the cost of a unit of new investment in terms of the consumption goods is pIt . The dividends from the ﬁnal good sector and the capital producers are Dt and DtI respectively, and the lump-sum tax is Tt . Household’s disposable real labor income earned by member i is represented by YitL . H In period t, the household’s assets include government bonds Bt−1 , capital Kt−1 , and O claims on other households’ capital St−1 . Households’ liabilities include claims on own capital I sold to other households St−1 . The net equity held by the household St−1 is deﬁned as



O H I St−1 = St−1 + Kt−1 − St−1



(4)



The rental return on capital is rtK , and the price of capital and equities in terms of a consumption good is qt . The depreciation rate of capital is δ, which means both the claims on own capital and other households’ capital depreciate at rate δ in each period. There are two ﬁnancial frictions, which are the same as those proposed by Del Negro et al. (2011). One is the borrowing constraint, which means each entrepreneur can only issue new equities up to a fraction θ of his investment It (i). The other is the resaleability constraint, which implies that a household member can only sell a fraction ϕt of his equity holdings. The smaller θ and ϕt are, the more frictional the ﬁnancial market is. The liquidity shock mentioned in this paper is a shock to ϕt . The equity on own capital held by member i ∈ (1 − χ, 1] evolves according to I H I StI (i) ≤ (1 − δ)St−1 + θIt (i) + (1 − δ)ϕt (Kt−1 − St−1 ),
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(5)



H I where θIt (i) + (1 − δ)ϕt (Kt−1 − St−1 ) is the maximum amount of the new issued equity, and



the new issued equity could be separated into two parts: the claims on new investment, which gives up to θIt (i), and mortgaging capital that is not mortgaged before, which gives H I up to (1 − δ)ϕt (Kt−1 − St−1 ). And the equity on other households’ capital held by member



i evolves according to O O , − (1 − δ)ϕt St−1 StO (i) ≥ (1 − δ)St−1



(6)



since the entrepreneur cannot sell more than a fraction ϕt of holdings of others’ equity. The above two inequalities on equity together with the deﬁnition of the net equity give us the evolution of the net equity



St (i) ≥ (1 − θ)It (i) + (1 − ϕt )(1 − δ)St−1



(7)



The government bond is “liquid” and not constrained by the resaleability constraint. Only the government can issue the liquid asset and households can only take a long position in it: Bt (i) ≥ 0.



(8)



The equity holdings, bond holdings, and capital stock of the household depend on each member’s decision: ∫



1



St (i)di = (1 − θ)It + (1 − ϕt )(1 − δ)St−1



St =



(9)



0



∫



1



Bt =



Bt (i)di



(10)



0



∫ KtH



= (1 −



H δ)Kt−1



+



1



It (i)di



(11)



0



where I(i) = 0 for i ∈ [0, 1 − χ]. The amount of investment can be derived from the entrepreneurs decision. The budget
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constraint for the entrepreneurs is: Ct (i) + pIt It (i) + qt (St (i) − It (i) − (1 − δ)St−1 (i)) + =rtK St−1 (i)



Bt (i) pt



(12)



rt−1 Bt−1 (i) + + Dt + DtI − Tt pt



Since we have the assumption that the equity price qt is greater than the cost of newly produced capital pIt , in order to maximize the household’s utility, the entrepreneurs try their best to invest on new capitals. That is, they sell all bond holdings, borrow until the borrowing constraint binds, mortgage equity holdings to the upper bound, and buy no consumption good: St (i) = (1 − θ)It (i) + (1 − ϕt )(1 − δ)St−1



(13)



Bt (i) = 0



(14)



Ct (i) = 0



(15)



where i ∈ (1 − χ, 1]. Substituting these into the budget constraint for the entrepreneurs gives us the investment of each entrepreneur:



It (i) =



[rtK + (1 − δ)qt ϕt ]St−1 +



rt−1 Bt−1 pt



+ Dt + DtI − Tt



pIt − θqt



.



(16)



Since only the entrepreneurs can invest, the aggregate investment is ∫



1



It =



It (i)di = χ



[rtK + (1 − δ)qt ϕt ]St−1 +



rt−1 Bt−1 pt



pIt − θqt



1−χ



+ Dt + DtI − Tt



.



(17)



Households choose Ct , It , St and Bt to maximize the utility. The ﬁrst order conditions are: Ct : Ct−σ = λ1t
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(18)



It : λ1t (qt − pIt ) = λ2t K St : qt λ1t = βEt {λ1t+1 [rt+1 + (1 − δ)qt+1 ] + λ2t+1



Bt : λ1t = βEt [



(19) K + (1 − δ)ϕt+1 qt+1 ] χ[rt+1 } pIt+1 − θqt+1



rt χ )] (λ1t+1 + λ2t+1 I πt+1 pt+1 − θqt+1



(20) (21)



where λ1t and λ2t are the Lagrangian multipliers for the budget constraint (3) and the equity evolution (9) respectively. Our previous assumption qt > pIt ensures that λ2t is positive, I need to assume qt > pIt . This means the price of equity is bigger than the newly installed capital. Since we know the household decision on St , Bt , and Ct from the ﬁrst order conditions, as well as the solution for entrepreneurs from (13) to (15), constraints (1), (9), and (10) determine workers’ choices on consumption, equity holding, and bond holding. We can check that these choices satisfy the constraint (7) and (8) for workers.



2.2



Capital Producer



Capital producers can convert consumption goods into investment goods. Producing capital is costly, and the adjustment cost ψ(·) depends on the deviations of actual investment from its steady-state value I. The adjustment cost function also satisﬁes ψ(1) = 0, ψ ′ (1) = 0, and ψ ′′ (1) > 0. The capital producers choose the amount of investment goods produced It to maximize their proﬁts It DtI = {pIt − [1 + ψ( )]}It . I



(22)



Capital producers are perfectly competitive, and sell the investment goods to entrepreneurs at given price pIt . The ﬁrst order condition for capital producers maximization problem is: It It It pIt = 1 + ψ( ) + ψ ′ ( ) I I I



10



(23)



2.3 2.3.1



Intermediate Good Sector First Specification: Labor Market with Endogenous Separation and Real Wage Rigidity



The intermediate good sector is perfectly competitive, and each ﬁrm hires one worker and rents capital to produce identical intermediate goods. The production function of the matched ﬁrms follows α . Y (ajt ) = zajt Kjt



(24)



The common technology z is normalized to be 1. Match-speciﬁc productivity ajt is a random variable, which follows a Lognormal distribution with mean 0 and standard deviation 0.15 (den Hann et al., 2000). Intermediate goods are sold in a competitive market at given price p′t . At the beginning of period t, there are Nt matched workers and ﬁrms retaining from last period; Ut = 1 − χ − Nt workers are unmatched. First, new entrepreneurs are randomly selected from all household members. χ fraction of old entrepreneurs are still entrepreneurs, and the rest (1 − χ)χ old entrepreneurs become unemployed workers. χ fraction of matched workers become entrepreneurs, and the number of remaining matches becomes (1−χ)Nt . The number of new entrepreneurs from originally unemployed workers is χUt . Now the number of new entrepreneur is still χ, and the new unemployment is (1 − χ)χ + Ut − χUt = Ut + χNt . The remaining (1 − χ)Nt matched workers at the start of period t travel to their places of employment. At that point, with an exogenous probability 0 ≤ ρx < 1 the match is terminated. The remaining (1 − ρx )(1 − χ)Nt pairs of matched workers and ﬁrms, indexed by j, jointly observe the match-speciﬁc productivity ajt , and then decide whether to continue the match. If ajt is larger than some threshold e ajt , the match continues and production occurs. Since all the intermediate good ﬁrms are identical ex ante, we can eliminate the subscript j. All the matches with match-speciﬁc productivity lower than e at are endogenously terminated.
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So the endogenous separation rate is given by ∫ ρnt



= F (e at ) =



e at



−∞



f (at )dat



(25)



Finally, the number of remaining matches is (1 − χ)(1 − ρx )(1 − ρnt )Nt . The total separation rate is ρt = 1 − (1 − χ)(1 − ρx )(1 − ρnt ). The number of new matches in period t is Mt . These new matches don’t produce any good in the current period, but could only enter production in the next period after surviving from both exogenous and endogenous separations. The total number of matches evolves according to: Nt+1 = (1 − ρt+1 )(Nt + Mt ).



(26)



The number of new matches in period t depends on the amount of vacancies posted by the ﬁrms, Vt , and the number of unemployed workers, Ut . The matching function Mt (Ut , Vt ) takes the form EUtζ Vt1−ζ , where E is the scale parameter standing for the aggregate matching eﬃciency. The probability of a worker ﬁnding a job (the job-ﬁnding rate) is given by



ρw t =



Mt (Ut , Vt ) = Eτt1−ζ , Ut



(27)



and the probability of a vacancy being ﬁlled (the vacancy-ﬁlling rate) is



ρft =



Mt (Ut , Vt ) = Eτt−ζ , Vt



where τt = Vt /Ut represents the labor market tightness. Firms survived from separations choose capital optimally by maximizing α zt ajt Kjt − rtk Kjt . µt
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(28)



where µt = pt /p′t is the markup. The optimal capital is K ∗ (ajt ) = (



1 αzajt 1−α ) . k µ t rt



(29)



Unmatched ﬁrms seeking workers have to pay a cost, γ, to post a vacancy. The vacancy could be ﬁlled with probability ρft , and the ﬁlled vacancy could be separated with probability 1 − ρt+1 before entering production. The unmatched ﬁrm will post a vacancy only when the discounted expected future value of doing so is bigger than or equal the cost. Free entry ensures that unmatched ﬁrms post vacancies until



γ = βρft Et [



e1t+1 λ (1 − ρt+1 )Jt+1 ], e1t λ



(30)



where Jt+1 is the expected future value of a matched ﬁrm, which is identical for all ﬁrms. The value of a matched ﬁrm with match-speciﬁc productivity ajt could be expressed as the net proﬁt obtained from this period’s production plus the discounted expected future value of the ﬁrm:



Jt (ajt ) =



e1t+1 λ Y (ajt ) − Y L (ajt ) − rtk K ∗ (ajt ) + βEt [ (1 − ρt+1 )Jt+1 ], e1t µt λ



(31)



where Y (ajt )/µt is the ﬁrm’s revenue from selling the intermediate goods evaluated in terms of ﬁnal goods, and Y L (ajt ) is the real wage of the worker in terms of ﬁnal goods. A matched worker’s value, Ht (ajt ), is equal to the real wage he can get from the work this period, and plus the discounted future value of the work:



Ht (ajt ) = Y L (ajt ) + βEt {



e1t+1 λ [(1 − ρt+1 )Ht+1 + ρt+1 Wt+1 ]}, e1t λ
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(32)



where Wt is the value of an unemployed worker: Wt = Gut + A + βEt {



e1t+1 λ w [(1 − ρt+1 )ρw t Ht+1 + (1 − (1 − ρt+1 )ρt )Wt+1 ]}. e λ1t



(33)



The value of the unemployed worker includes the total unemployment compensation this period and expected income either being employed or not in the future. The economic surplus of a match is Jt (ajt ) + Ht (ajt ) − Wt . When there is no real wage rigidity, the surplus is divided between the ﬁrm and worker through Nash bargaining, and the bargaining power of the worker is Θ. The notional real wage resulting from the Nash bargaining is: ∗



Y L (ajt ) = Θ[



Y (ajt ) − rtk K ∗ (ajt ) + γτt ] + (1 − Θ)(Gut + A). µt



However, when there exists a wage norm, and the real wage is rigid in the sense that it depends on the wage norm, the real wage could be expressed as weighted average of the notional wage and the steady state value of the real wage:



Y L (ajt ) = η[Θ(



Y (ajt ) − rtk K ∗ (ajt ) + γτt ) + (1 − Θ)A] + (1 − η)Y L . µt



The real wage rigidity index is η. If η=0, the real wage is solely determined by the steady state surplus, and if η = 1, the real wage is perfectly ﬂexible. How is the endogenous separation decision made? That is, how is the threshold of matchspeciﬁc productivity, e at , determined? The critical value of at below which separation takes place is given by Jt (e at ) = 0. Substituting the real wage and capital used at e at into ﬁrm’s value, the separation threshold is determined by the following equation: γ Y (e at ) − Y L (e at ) − rtk K ∗ (e at ) + f = 0. µt ρt
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(34)



Deﬁne the average capital used in production as follows: Kt∗



∫



amax



= e at



K ∗ (ajt )



f (at ) dat . 1 − F (e at )



(35)



The aggregate output of the intermediate good sector is:



Yt = Nt



µt rtk ∗ Kt . α



(36)



The average real wage is deﬁned as: ∫ YtL



amax



= e at



Y L (ajt )



f (at ) dat 1 − F (e at )



1−α k ∗ = η[Θ( r K + γτt ) + (1 − Θ)(Gut + A)] + (1 − η)Y L . α t t 2.3.2



(37)



Alternative Specification: Labor Market with Exogenous Separation and Nominal Wage Rigidity



In this subsection, I discuss an alternative description of the labor market following Gertler et al. (2008) with staggered nominal wage contracting and exogenous separation. The intermediate good ﬁrm j ∈ [0, 1] produce output Yjt using capital Kjt and labor Njt according to the following production function:



α Yjt = Kjt (zNjt )1−α .



Matches are exogenously separated with probability ρ in each period. Matching function is the same as before. Deﬁne the hiring rate Xjt as the ratio of new hire to the existing workforce: Xjt =



ρft Vjt . Njt−1
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(38)



The workforce evolves following:



Njt = (1 − ρ + Xjt )Njt−1 .



(39)



Unlike the ﬁxed vacancy posting cost I used before, the labor adjustment cost is quadratic and depends on the hiring rate Xjt . A ﬁrm chooses capital and hiring rate to maximize its value:



Jt (YtN L , Njt−1 ) =



Yjt YjtN L λ1t+1 κ 2 NL − Njt − Xjt Njt−1 − rtk Kjt + βEt Jt+1 (Yjt+1 , Njt ) µt pt 2 λ1t



where YjtN L is the nominal wage decided by the staggered Nash bargaining. The ﬁrm maxi∗ mizes its value by choosing optimal capital Kjt and number of workers Njt .



The value of a matched worker at ﬁrm j, Ht (YjtN L ), and the value of an unemployed worker Wt are deﬁned as below:



Ht (YjtN L ) =



YjtN L λ1t+1 NL + βEt [ρHt+1 (Yjt+1 ) + (1 − ρ)Wt+1 ], pt λ1t



Wt = Gut + A + βEt



λ1t+1 w [ρ Ht+1 + (1 − ρw t+1 Ut+1 )]. λ1t t+1



Nominal wages are determined by staggered Nash bargaining. Each period a ﬁrm may ∗



renegotiate the wage with a ﬁxed probability η. Let YtN L denote the nominal wage of a ﬁrm that re-negotiate at t. For those who cannot renegotiate, the wage keeps the same as last ∗



period. The re-negotiated nominal wage YtN L is chosen to solve: max (Ht (YjtN L ) − Wt )Θ Jt (YtN L )1−Θ



s.t. NL Yjt+s =



   NL Yjt+s−1



with probability 1-η



  N L∗ Yjt+s



with probability η



.
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The average nominal wage across workers is given by ∫ YtN L



1



YjtN L



= 0



Njt dj. Nt



(40)



The evolution of the average nominal wage is a linear combination of the renegotiated nominal wage and last period’s nominal wage: ∗



NL NL = ηYt+1 + (1 − η)YtN L . Yt+1



2.4



(41)



Final Good Sector



The ﬁnal good sector is monopolistically competitive. Each ﬁnal good ﬁrm, indexed by e j, buys output of the intermediate good ﬁrms at the price p′t , converts this output into a diﬀerentiated ﬁnal good, Yejt , with no cost and sells the ﬁnal good in the market at the price pejt . The demand for each variety is



Yejt = (



and the aggregate price is



∫ pt = [



1



pejt −ϵp ) t Yt , pt



1 p j] 1−ϵp , (pejt )1−ϵ de



(42)



(43)



0



where ϵpt is the elasticity of demand. Prices are sticky in the ﬁnal good sector. In the following analysis, the index e j is eliminated because every ﬁrm faces an identical problem. Following Calvo(1983), in each period only a fraction of (1 − ω) ﬁrms can choose their prices optimally. Let p∗t be the optimal price set by ﬁrms that can reoptimize prices in period t, and the optimization problem for the ﬁnal good ﬁrm is: max ∗ pt



∞ ∑



ω s Et {Λt,t+s [p∗t Yt,t+s − p′t+s Yt,t+s ]}



s=0
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where Yt,t+s = (



p∗t −ϵpt+s ) Ct+s . pt+s



The result of the optimization problem is:



p∗t



=



Et Et



∑∞



s=0 ω



∑∞



s



1+ϵp



t+s Λt,t+s Ct,t+s ϵpt+s µ−1 t+s pt+s



p s s=0 ω Λt,t+s Ct,t+s (ϵt+s



−



ϵpt+s 1)pt+s



,



(44)



e1t+s /λ e1t )(pt /pt+s )] is the stochastic discount factor for nominal where Et Λt,t+s ≡ β s Et [(λ payoﬀs. So the aggregate price is given by p



p



1



pt = [ω(pt−1 )1−ϵt + (1 − ω)(p∗t )1−ϵt ] 1−ϵt .
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p



(45)



Government



In order to close the model, we need to specify government policies. Baseline policies include conventional monetary policy, constant government spending and constant unemployment beneﬁts. Conventional monetary policy follows a standard feedback rule, and the nominal interest rate cannot be lower than 0: rbt = max{ϕπ π bt , −r + 1},



(46)



where x bt is the log-deviation from steady state value. Government spending is assumed to be proportional to output, G = gy Y . Regular unemployment beneﬁts paid by the government is also constant and proportional to the steady state average real wage, Gu = gyuL Y L . Besides the baseline policies, the government could also use three separate alternative policies to give the economy extra stimulus. Unconventional credit policy corresponds to government purchases of private equities as a function of its liquidity: ϕt Stg = ψK ( − 1), H K ϕ 18



(47)



where ψK equals 0 when there is no unconventional credit intervention. When the monetary authority implements unconventional credit intervention in response to the liquidity shock, ψK is smaller than 0. At steady state, the Federal Reserve does not buy any private equities, that is, S g = 0. Fiscal expansion follows an AR(1) process:



gbt = ρG gbt−1 + ϵG t .



(48)



where ϵG t is the initial response of government spending to the liquidity shock,



ϵG t =



   ϵG 1 (> 0) t = 1   0



.



otherwise



Extended unemployment beneﬁts also follows an AR(1) process, u



u



u gbtu = ρG gbt−1 + ϵG t ,



(49)



u



where ϵG is the initial response of unemployment beneﬁts to the liquidity shock, t



u



ϵG = t



  u  ϵG 1 (> 0) t = 1   0



.



otherwise



The government could either use baseline policies only, or use the combinations of baseline policies and one of the alternative policies. Government budget constraint is of the form:



Gt + Gut + qt Stg +



rt−1 Bt−1 Bt g = Tt + [rtK + (1 − δ)qt ]St−1 + . pt pt
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(50)



Taxes adjust to the government net debt position:



Tt − T = ψ T [(



rt−1 Bt−1 rB g ) − qt St−1 ]. − pt p



(51)



Since ψ T is small, the adjustment of taxes is gradual, government needs to ﬁnance its purchases of private equity, ﬁscal expansion and extended unemployment beneﬁts by issuing government bonds.



2.6



Market Equilibrium



In equilibrium, capital stock is owned by households and government:



KtH = St + Stg ,



(52)



and capital stock equals the capital used by the intermediate good ﬁrms: H Kt−1 = Nt Kt∗ .



(53)



Output equals households’ demand for consumption, investment and government consumption and the cost of posting vacancies: It Yt = Ct + [1 + Ψ( )]It + Gt + γVt . I



3



(54)



Calibration Table 1 gives the calibrated values of parameters that are standard in other New Keynesian



models with ﬁnancial frictions. All these parameters are chosen following Del Negro et al. (2011). The discount factor β is 0.99, capital share α in the production function is 0.4, and the relative risk aversion parameter in the utility function is set to be 1. The quarterly
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depreciation rate of capital is 0.025, and investment adjustment cost parameter ψ ′′ (1) is 1. The coeﬃcient on inﬂation in the interest rate rule is 1.5. The average duration of price and wage stickiness is four quarters, so the Calvo parameter for price setting ω is 0.75 and wage rigidity parameter η is 0.25. The elasticity of substitution among diﬀerentiated ﬁnal goods ϵp is 11, which implies the steady state markup µ is 1.1. 5% of the population are randomly chosen to be entrepreneurs in each period. Let Lt ≡



Bt pt



be the real value of the government



bonds. The ratio between real value of the government bonds and annual GDP



L 4Y



is 0.4 at



steady state. The coeﬃcient in the tax rule is 0.1. Financial friction parameters ϕ and θ are set to 0.207, so that the annual steady-state interest rate is 2.2%. Table 2 includes parameters characterizing labor market frictions and alternative policy interventions, most of which are set according to Zhang (2012). In that paper, I used Bayesian methods to estimate a monetary DSGE model with endogenous separation, frictional labor market, and several shocks. I used 9 key macroeconomic quarterly US time series from 1976Q1 to 2011Q2 as observable variables to estimate the standard parameters in the New Keynesian models, parameters characterizing labor market frictions, as well as the parameters for the shock processes. The data I used includes: log diﬀerence of real GDP, log diﬀerence of real consumption, log diﬀerence of real investment, log diﬀerence of the real wage, log diﬀerence of the GDP deﬂator, the federal funds rate, log deviation of the unemployment rate from its mean, log deviation of the vacancies from its mean, and log diﬀerence of the total government unemployment beneﬁts1 . The values of most parameters characterizing the labor market in this paper are taken from the estimation results in Zhang (2012): the total job separation rate is 10.5%, the threshold of match-speciﬁc productivity for the endogenous separation is 0.74, workers’ bargaining power on wages is 0.36, quarterly job-ﬁnding rate is 0.7, steady state labor market tightness is 0.74, and the replacement rate of the unemployment beneﬁts is 0.2. The total unemployment compensation implied by the 1



In order to ensure the robustness of the estimation results, I also substituted the total government unemployment benefits data with the replacement rate data, and re-estimated the model. Similar results are obtained through the robustness check.
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estimation is 0.72, and this value is used here in the model with exogenous separation and nominal wage rigidity. As I mentioned above, the parameters for nine shock processes were also estimated in Zhang (2012), which includes the standard errors and persistence of the exogenous innovations of shocks on technology, investment adjustment costs, risk premium, price markup, monetary policy, government spending, bargaining power, matching eﬃciency, and unemployment beneﬁts. The estimated persistence of the unemployment beneﬁts shock, u



ρG = 0.97, is used in this paper to characterize the extended unemployment beneﬁts as well. Because of the limited information in data, it is impossible to estimate all the parameters, and some of them have to be calibrated in Zhang (2012). Since one goal of that paper is analyzing the role played by the unemployment beneﬁts shock and endogenous separation in driving the labor market ﬂuctuations through estimation, most parameters related to the unemployment beneﬁts and job separation rate are estimated. Only two labor market parameters were calibrated instead of being estimated: the elasticity of the matching function is set to 0.5, and matching speciﬁc productivity is assumed to be log normally distributed with zero mean and 0.15 standard deviation. In this paper, I still use the same values for these parameters. The only parameter related to the labor market that is diﬀerent from the estimation result in Zhang (2012) is the real wage rigidity parameter η. The estimation result for η is 0.38, but in this paper I use 0.25 to match the wage Calvo parameter in Del Negro et al. (2011) and Gertler et al. (2008). Diﬀerent values for η don’t change the results much. One policy parameter used here is also diﬀerent from the estimation in Zhang (2012). The persistence parameter for the ﬁscal expansion ρG is set to 0.935 here, which means the government spending going back to the steady state level 16 quarters after the initial expansion as usually used in the empirical studies. This is diﬀerent from the estimated value in Zhang (2012) because in that paper the process of government spending also depends on the productivity shock which is not included in this paper. The remaining alternative policy parameters, which didn’t appear in Zhang (2012) are
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calibrated to match the data. The unconventional credit intervention parameter, ψK , is 0 when there is no unconventional credit intervention. At steady state, government purchases of private paper is zero. When the central bank implements unconventional credit policy, ψK is set to -0.068 to match the $1.4 trillion (10% of annual GDP) increase in Fed’s balance sheet at the end of 2008. In steady state, government spending is 20% of output. The ﬁscal expansion shock, ϵG t , is 0 when there is no ﬁscal expansion. When the government decides to use ﬁscal expansion to stimulate the economy, the size of initial ﬁscal expansion, G G ϵG 1 is calibrated as 0.075. The value for ϵ1 and ρ together mean that the total government



spending is increased by 6% of annual GDP after the shock. Regular unemployment beneﬁts u



keep constant if there is no extended unemployment beneﬁts program. That is, ϵG is t always 0. In response to the ﬁnancial crisis, Emergency Unemployment Compensation 2008 (EUC08) was implemented. Total unemployment beneﬁts paid by the government was $13.6 billion during 2008Q3, and this number spiked to $40.4 billion during 2010Q2. Normalizing the logarithm of the value in 2008Q3 to be 0, the log-deviation of the 2010Q2 value is 110%. When the government chooses to practice the extended unemployment beneﬁts program, the u



size of the initial change in unemployment beneﬁts paid to each unemployed worker, ϵG 1 , is calibrated at 0.5, so that the change in total unemployment beneﬁts is 110%.



4



Results In this section, I simulate models with diﬀerent features and policies, and report the



dynamics of the main variables in response to a negative liquidity shock in separate ﬁgures. I also report the on impact responses from diﬀerent models in one table (Table 4) for the sake of easy comparison.
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4.1



Liquidity Shocks and Policies in the Model with Endogenous Separation and Real Wage Rigidity at the Zero Lower Bound



4.1.1



The Impact of a Liquidity Shock



Here I assume a deterministic economy. At t = 1, a one-time unexpected negative liquidity shock hits the economy, and after that there is no other shock. And the liquidity evolves following a known AR(1) process: ϕbt = ρϕ ϕbt−1 + ϵϕt . Participants in the economy perfectly know what will happen in the future. In this case the nonlinearity caused by the zero lower bound on the nominal interest rate won’t be a problem in solving the model. The shock tightens the entrepreneurs’ resaleability constraint, and the fraction of existing equity holdings that can be sold, ϕt , drops by 60%. The autocorrelation parameter of the exogenous shock is 0.833, which means the expected duration of the shock is 6 quarters. The solid lines in Figure 1 are the responses of the main macroeconomic variables to this negative liquidity shock when the government implements baseline policies. The fall in liquidity limits the entrepreneurs’ ability to buy investment capital, so investment drops by 17%. Less liquidity also decreases the value of equities held by the households, qt , which is consistent with what we observe during the Great Recession. The zero lower bound and sticky prices together will lead to expectations of deﬂation, and inﬂation falls by almost 4%. Since the nominal interest rate is bounded at zero, the real interest rate, rr b t = rbt −Et π bt+1 , increases, which depresses consumption. The decrease in investment and consumption together causes the huge drop in output (more than 8%). This decline in output is accompanied by a 10-percentage-point rise in the unemployment rate.



4.1.2



The Effectiveness of the Credit Policy



Suppose that in response to the liquidity shock and the zero lower bound on the nominal interest rate, the Federal Reserve immediately implements unconventional credit policy by purchasing private paper. The value of the parameter ψK determines the size of this uncon-
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ventional credit intervention at time t = 1. We set ψK = −0.0672, and this means the size of the intervention is 10% of annual GDP, which is consistent with the $1.4 trillion increase in the Fed’s balance sheet in 2008Q4. The dashed lines in Figure 1 are the impulse responses of the macro variables when unconventional credit policy is implemented in response to the liquidity shock. Comparing with the case without any policy intervention, output is more than 2% higher, consumption is 3% higher, and the unemployment rate is 4% lower. Since the central bank exchanges government liquidity for illiquid private equities, entrepreneurs have more liquid assets that are not subject to the resaleability constraint, and could invest more. This explains the big increase in investment in period t = 2 after the implementation of unconventional credit policy, and this increase in investment boosts the aggregate demand eﬀectively. As a result, both the decline of output and the rise of unemployment are much smaller than the case with no government intervention.



4.1.3



The Effectiveness of Fiscal Expansion



Instead of using unconventional credit policy, the government could also expand government spending to stimulate the economy. In this subsection, in response to the liquidity shock the government expands government spending by 4% at t = 1, and the size of expansion decreases as the eﬀect of the liquidity shock diminishes. The cumulative increase in government spending in response to the liquidity shock over the time amounts to 6% of annual GDP, consistent with the $787 billion stimulus package. The size of initial ﬁscal G expansion ϵG 1 = 0.075 and the persistence parameter of ﬁscal expansion ρ = 0.935 together



give us the ﬁscal expansion with exactly the same size as that in data. Intuitively, increasing government spending is the most direct way to increase the aggregate demand of the economy. From Figure 2, we notice that in the model with endogenous separation and real wage rigidity ﬁscal expansion is indeed very eﬀective in preventing the decrease in output. Expanding government spending also helps the economy get out of the liquidity trap much more quickly than implementing unconventional credit policy. The unemployment rate, which in-
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creased 10% in the absence of policy actions, only rises 6% with the ﬁscal expansion. Fiscal expansion is more eﬀective than unconventional credit policy in these aspects. However, its eﬀect on investment and consumption is not as striking. Most of the improvement of output comes from the increase in government spending but not the increase in demand of the private sector. Fiscal policy basically has no eﬀect on investment, because the entrepreneurs don’t get extra liquidity from the policy, and their assets are still subject to the resaleability constraint which is tightened due to the negative liquidity shock. It is worth noting that the on-impact and cumulative eﬀects of ﬁscal expansion are diﬀerent. The eﬀects are summarized in Table 3. The fall in consumption on impact is less than would be the case without any policy. However, consumption recovers much more slowly because government spending crowds out private spending. When calculating the cumulative eﬀect of ﬁscal expansion on consumption and output, I ﬁnd that it actually is negative. The cumulative decrease in consumption is 5% more if ﬁscal expansion is implemented, and the cumulative decrease in annual output is 5.4% less. But remember the government purchases increase by 6% annual GDP, so excluding that, total private spending decreases because of the ﬁscal expansion. So at the zero lower bound, the government spending multiplier is larger than 1 on impact, but slightly less than 1 cumulatively.



4.1.4



The Effectiveness of Extended Unemployment Benefits Program



Most previous studies have concluded that extended unemployment beneﬁts would be harmful in the sense that higher government compensation for unemployment may reduce the eﬀort the unemployed put into ﬁnding a new job, increase workers’ required wage, and discourage ﬁrms from hiring more workers. Surprisingly, our model implies the opposite result when the zero lower bound is binding. In response to a negative liquidity shock, an increase in unemployment beneﬁts has a small positive eﬀect on output. Although this seems to contradict the previous studies and our intuition, it can still be well explained within our model.
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The positive eﬀect of extended unemployment beneﬁts comes from its ability to pull the nominal interest rate away from the zero lower bound more quickly. Extended unemployment beneﬁts can aﬀect the nominal interest rate in a positive way, and this is not a special characteristic of my model, but very common and straightforward in any standard New Keynesian framework. When there is an increase in unemployment beneﬁts, the required wage will increase correspondingly, which causes a rise in real marginal cost. The increase in the real wage makes labor relatively more expensive than capital, hence ﬁrms prefer to use more capital to substitute for labor. As a result, the rental return for capital increases and raises the real marginal cost further. From the New Keynesian Phillips Curve that represents inﬂation as an increasing function of real marginal cost, we can expect an increase in inﬂation, and this increase in inﬂation transfers to an increase in the nominal interest rate through the Taylor’ rule. So when an extended unemployment beneﬁts program is implemented in response to a negative liquidity shock, there will be less deﬂation and hence less downward pressure on the nominal interest rate. This shortens the time the economy spends at the zero lower bound and helps the economy get out of the liquidity trap more quickly. After escaping from the zero lower bound, the eﬀect of extended unemployment beneﬁts keeps working and even drives the nominal interest rate to be higher than the level before the crisis. The dashed lines in Figure 3 are the responses of the model when the extended unemployment beneﬁts u



program is implemented. The size of the program, determined by the parameter ϵG 1 , is the same as that in the real world. That is, the total amount of the unemployment beneﬁts paid by the government increases by 110%. Output decreases less and consumption is 2% higher immediately after the liquidity shock if unemployment beneﬁts are extended. The time the economy spends at the zero lower bound shortens from 8 quarters to 2 quarters, and the nominal interest rate even does go above the steady state level as the analysis above. Although extended unemployment beneﬁts have a positive eﬀect on the level of output and consumption immediately after the negative liquidity shock, its eﬀect on the labor market is adverse. First, from the aspect of the level of unemployment, the extended unemploy-
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ment beneﬁts program with calibrated size and persistence could increase the unemployment rate instead of decreasing it. Why does higher output coincide with higher unemployment? Shouldn’t higher output induce lower unemployment? This does not happen necessarily. Extended unemployment beneﬁts not only have a positive eﬀect on reducing unemployment through increasing output, but also have a negative eﬀect on the labor market by rising the cost of using labor. This is because the labor market frictions give rise to long-run employment relationships, and it is costly to maintain this proﬁtable long-run attachment between workers and ﬁrms. The cost depends on the workers’ value which is negatively related to the unemployment beneﬁt. The longer the extended unemployment beneﬁts programs lasts, the more costly to keep this relationship and the bigger the negative eﬀect is. Because of the slow recovery in the labor market, households’ income also increases slowly. which in turn prevents people’s consumption and equity demand, and leads to the persistently low consumption and equity price.



4.1.5



The Role of Matching Efficiency



I also consider the case with a temporary but big and persistent decrease in matching eﬃciency when the liquidity shock hits the economy, and compare labor market responses with those under extended unemployment beneﬁts. The size of the initial unexpected decrease in matching eﬃciency is -20%, which is consistent to Barnichon and Figura (2011), and the persistence of the sudden decrease is 0.93, which is the same as the estimation result in Furlanetto and Groshenny (2012) and Zhang (2012). Figure 4 compares the responses of unemployment in the 3 cases, which include the case with a liquidity shock but no policy intervention, the case with a liquidity shock and extended unemployment beneﬁts, and the case with a liquidity shock and a decrease in matching eﬃciency. I ﬁnd that extended unemployment beneﬁts signiﬁcantly slow down the labor market recovery, while a negative matching eﬃciency shock reduces the big rise in unemployment, and also slows down the recovery, however, only slightly.
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When there is no shock in the economy, a decrease in matching eﬃciency will cause an increase in unemployment, and even when we have a small negative liquidity or productivity shock, we can still get the same result. Then why we get the opposite when the decrease in matching eﬃciency works together with a big negative liquidity shock? When there is no or only a small negative shock, unemployment increases mainly because new matches form more slowly than before. Although the decline in vacancy ﬁlling rate will increase the value of existing matches, decrease the threshold of match-speciﬁc productivity and in turn decrease unemployment, the eﬀect is very small. Because we assume matchspeciﬁc productivity follows a lognormal distribution, and when there is no or small negative shocks, endogenous separation won’t increase much in response to the shock, so the threshold of matching-speciﬁc productivity for endogenous separation is still at the very left tail of the lognormal distribution, where the density is fairly low. That means a decrease in the threshold of endogenous separation will not reduce the endogenous separation rate much, and in turn will not cause a big decrease in unemployment. But when we have a big negative shock, the eﬀect of the decrease in endogenous separation will dominate. This is because under a big negative shock, the endogenous separation rate rises a lot, so that the threshold of match-speciﬁc productivity is already very high, which means it is much closer to the middle of the lognormal distribution, where the density is also higher. In this case, a very small decrease in the threshold caused by the decrease in matching eﬃciency will cause a relatively bigger decrease in separation rate and unemployment. The reason a big decrease in matching eﬃciency could not signiﬁcantly slows down labor market recovery is when they need more workers due to the increase in aggregate demand, the ﬁrms could partly oﬀset the negative eﬀect of a less eﬃcient matching process by adjusting their separation and vacancy posting decisions. Unlike the case with more generous unemployment beneﬁts, where ﬁrms lack incentive to increase employment because they won’t get many beneﬁts by doing so considering the high wages, ﬁrms in this case create favorable conditions actively for the forming of new matches.
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4.2



The Role of the Zero Lower Bound in the Model with Endogenous Separation and Real Wage Rigidity



The zero lower bound plays a very important role both theoretically and practically. Previous studies (such as Del Negro et al. (2011)) have found that away from the zero lower bound, a negative liquidity shock will not cause a large decrease in output, and unconventional credit policy will not be eﬀective in stimulating the economy. In this sense, the zero lower bound works as an ampliﬁcation mechanism for the liquidity shock. Intuitively, without the zero lower bound, the conventional monetary policy could achieve the goal of boosting demand and stabilizing the economy by lowering the nominal interest rate. Hence, little room is left for other policies to play a role. Does this also happen in the models with frictional labor market? Do the results obtained in the previous subsections depend on the presence of the zero lower bound? The answer is yes in the model with endogenous separation and real wage rigidity.



4.2.1



The Impact of Liquidity Shocks



I ﬁnd the zero lower bound still works as an ampliﬁcation mechanism for the liquidity shock by comparing Panel B and C of Table 4 and the solid and dashed lines in Figure 5. Without the zero lower bound, the negative liquidity shock has much less impact on the economy. The solid lines are the responses to the liquidity shock without any alternative policy actions when the zero lower bound is binding. Baseline monetary policy loses its power in stimulating the economy because of the zero bound on the nominal interest rate. The dashed lines are the responses to the liquidity shock without any alternative policy actions when the zero lower bound is not binding. In this case, conventional monetary policy becomes useful in stimulating the economy, because the monetary authority can reduce the nominal interest rate as low as needed. Output is 5% higher than the case at the zero lower bound (compare the), consumption slightly decreases, and the increase in the unemployment rate is only 4% (versus 10% at the zero lower bound). 30



Besides these quantitative diﬀerences, the eﬀect on one variable even changes its sign. Comparing the numbers in orange and italic style in Panel B and C of Table 4, we can ﬁnd that when the zero lower bound is binding, the equity price decreases largely in response to a negative liquidity shock. But when there is no lower bound for the nominal interest rate, the equity price increases after the shock. Why does this happen? From the ﬁrst order conditions of the household’s problem, we can get the following equation: qt − pIt = (pIt − θqt )λct , where λct



=



rtK −(1−δ)qt qt−1



χ( rt−1 − πt



−



rt−1 πt



rtK +(1−δ)ϕt qt ) qt−1



(55)



,



qt is the price of one share of equity issued on investment, and pIt is the unit price of investment. So the left hand side of the equation is the beneﬁt from issuing equity to ﬁnance a unit of investment. Since only θqt fraction of investment could be ﬁnanced by issuing new equities, the entrepreneurs have to ﬁnance the rest of investment, pIt − θqt , by liquid assets, which is called the downpayment on a unit of investment in Shi (2011). The cost of the downpayment is measured by the factor λct . So the right hand side of the equation is the marginal cost of a unit of investment. The equation requires the net marginal beneﬁt of investment to be zero. Consider the cost of the downpayment, λct , ﬁrst. If the household uses 1 extra dollar to buy equities, how much is the net return? It should be the return on the extra equities net of the opportunity cost (the return on a bond bought using the extra $1),



rtK −(1−δ)qt qt−1



−



rt−1 . πt



So the numerator represents how much the household could earn if the extra $1 is used to buy equities. How much is the loss in entrepreneurs’ liquidity in this case? If the $1 is used to buy bonds, entrepreneurs will get χ fraction of the return. Since the bond is liquid, entrepreneurs can get $χ rt−1 liquidity. However, buying equities could only give πt them $χ



rtK +(1−δ)ϕt qt qt−1



liquidity, because only ϕt fraction of the equity is liquid. That is, the
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liquidity loss of the entrepreneurs is $χ( rt−1 − πt



rtK +(1−δ)ϕt qt ), qt−1



which is the denominator of



λct . So λct represents how much entrepreneurs’s liquidity should be sacriﬁced to increase $1 purchase of equities. Or because the liquidity constraint for the entrepreneurs is always binding by assumption, it could also be understood from the other side as how much the household needs to pay in order to increase the entrepreneurs’ liquidity by 1 dollar. After understanding the economic meaning of λct , we can now study what determines the rise and decline of the equity price. The marginal beneﬁt is strictly increasing in qt and deceasing in pIt , and the downpayment is strictly decreasing function in qt and increasing in pIt . That is, for a given λct , the net marginal beneﬁt of investment is strictly increasing in qt and decreasing in pIt . On one hand, when there is a negative liquidity shock, price of investment drops largely, which leads to a large rise in the net marginal beneﬁt. Without considering the change in λct , in order to restore the balance between the marginal beneﬁt and marginal cost, qt has to decrease. On the other hand, the negative liquidity shock tightens the liquidity constraint, and increases the cost of the downpayment λct . The higher λct reduces the net marginal beneﬁt of investment given the equity price and investment price, and this requires qt to increase to maintain the balance between the marginal beneﬁt and marginal cost. Whether qt increases or decreases depends on the tradeoﬀ between the above two opposite eﬀects on it. Since λct is strictly decreasing in the real interest rate, the increased real interest rate at the zero lower bound dampens the increase λct . A smaller increase in λct leads to a smaller increase in qt , which cannot fully oﬀset the decrease caused by the fall in pIt . As a result, qt decreases in response to a negative liquidity shock at the zero lower bound. This is consistent with what we observed in the Great Recession. But when there is no lower limit for the nominal interest rate, the real interest rate declines after a negative liquidity shock, which leads to a larger increase in λct , and hence a larger positive eﬀect on the equity price. This positive eﬀect is so large that it dominates the negative eﬀect of the fall in pIt . So when the zero lower bound is not binding, qt increases even there is a negative shock on liquidity. Shi (2011) also ﬁnds that a negative liquidity shock can increase
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the equity price, and from this counterfactual ﬁnding he concludes that the liquidity shock couldn’t be the only shock that induced the Great Recession. But from the above analysis, I can say that when the zero lower bound binds, the liquidity shock can decrease the equity price and it is possible that the liquidity shock alone caused the Great Recession. More intuitively, we can also simplify the problem and explain it from the aspect of the balance of equity supply and demand. When there is a negative liquidity shock, the equity supply is directly aﬀected due to the tightened resaleability constraint. That is, entrepreneurs are not allowed to sell as many equities as before. Then how about the equity demand? If the equity demand is also largely decreasing, the equity price cannot increase. And if the equity demand is not aﬀected much, there will be a big gap between equity supply and equity demand, and equity price will be pushed up. The liquidity shock does not aﬀect equity demand directly, but only indirectly from the decline of the fundamental economic activities. When the zero lower bound is binding, the increase in the real interest rate makes the government bonds much more valuable, hence largely increases the demand for the government bonds. Given the household wealth level, this crowds out the demand for equities and causes large decreases in equity demand and equity price. By contrast, when there is no zero lower bound on nominal interest rate, the real interest rate declines after the shock, which causes a fall in the bond demand. In this case, equity demand is not aﬀected much, and equity price increases. Since without the presence of the zero lower bound conventional monetary policy is so eﬀective in preventing the big decline in output, then how large should the alternative policies be in order to oﬀset the extra output decrease caused by the zero lower bound? Figure 6, at the zero lower bound, credit policy with a size of 20% of annual GDP could prevent the big decline in output and keep the output level the same as the case without the zero lower bound. The size of credit policy used in previous analysis, which is calibrated according to the emergency lending facilities implemented during the Great Recession, is only 10% of annual GDP.
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Figure 7, in order to oﬀset the ampliﬁed decrease in output caused by the zero lower bound, ﬁscal expansion has to be 4 times as large as President Obama’s stimulus package, that is, increasing government spending by amount of 25% of annual GDP. However, such a large ﬁscal expansion will crowd out people’s private consumption. Although output is largely increased, people’s lifetime utility decreases a lot. So under the liquidity shock, the current government intervention is far from enough to eliminate the negative eﬀect on initial output decline brought by the zero lower bound.



4.2.2



The Effectiveness of Government Policies



Because conventional monetary policy can eﬀectively stimulate the economy when the zero lower bound is not binding, other policies could contribute little. The on impact responses under diﬀerent policies are listed in Panel C of Table 4. When the zero lower bound is not binding, the eﬀect of unconventional credit policy becomes much smaller than before. Output is increased by 0.4% only, much less than the 2% increase when the zero lower bound is binding. Fiscal policy is still eﬀective in stimulating output. However, although it is still good for output, it has a really bad eﬀect on private consumption and investment. With ﬁscal expansion, consumption is 6% lower and investment is 3% lower compared with the case without any policy. The crowding-out eﬀect becomes much more severe when the zero lower bound is not binding. This is consistent with the result in Christiano et al. (2012) that ﬁscal policy is more eﬀective when the zero lower bound is binding. The presence of the zero lower bound is very important for the eﬀect of extended unemployment beneﬁts in the model with endogenous separation and real wage rigidity. As seen above, in the presence of the zero lower bound, extended unemployment beneﬁts can be helpful for preventing output and consumption from decreasing further because it can help the economy get out of the liquidity trap more quickly. But when the zero lower bound is not binding, this advantage disappears. So, instead of beneﬁting output, it even ampliﬁes
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the shock and causes output to decrease more. However, when the zero lower bound is not binding, extended unemployment beneﬁts seem to speed up the recovery of the economy. This could be explained by the positive relationship between consumption growth and the real interest rate derived from the Euler equation as well. Without the zero lower bound, the real interest rate deceases and has a negative eﬀect on consumption growth after the liquidity shock no matter whether there are extended unemployment beneﬁts or not. Meanwhile, a low equity price has a negative eﬀect on consumption growth, and the low price on investment goods has a positive eﬀect on it. When there is no extended unemployment beneﬁts, the negative eﬀect dominates, so consumption continues decreasing from t = 2. However, due to its positive eﬀect on the real wage, implementing extended unemployment beneﬁts results in a smaller magnitude of deﬂation. Less deﬂation induces less decrease in the real interest rate and a smaller negative eﬀect on consumption growth. In this case, the positive eﬀect of the low investment price dominates. This is why consumption grows, and output and unemployment recover faster when unemployment beneﬁts are extended after the liquidity shock.



4.2.3



Do the Effects Result from the Zero Interest Rate or from a Lower Bound on Federal Funds Rate? Historically, there were several time periods during which the federal funds rate was



constant, very low but still positive. The zero lower bound could be taken as a special case of the constant and low federal funds rate. So, which one really matters: the zero interest rate or a lower bound (could be either zero or positive) on federal funds rate? This problem does matter in the real economy: If what matters is “zero” instead of “lower bound”, that means all the alternative policies could be useful only when the nominal interest rate really hits zero. But if what matters is “lower bound”, that means even we have positive nominal interest rate, the alternative policies could still be eﬀective if the central bank keeps the federal funds rate constant.
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I therefore enforce an experiment by restricting the annual nominal interest rate to be above 1.8%. That is, the maximal fall in the annual nominal interest rate could only be 0.4% from its steady state level 2.2%. Panel D of Table 4 shows how the positive lower bound nominal interest rate aﬀect the impact of a liquidity shock and the eﬀectiveness of the alternative policies. From comparing Panel B and D of Table 4, we can see that the liquidity shock has an even larger eﬀect than the case with the zero lower bound binding. This is because in the current case, the nominal interest rate could fall less than before, so that the conventional monetary policy could only oﬀset a less part of the impact caused by the liquidity shock. For the same reason, the unconventional credit policy is even more eﬀective. Fiscal expansion is still eﬀective because the constant nominal interest rate, no matter positive or zero, could prevent the crowding-out eﬀect caused by the increase in the nominal rate. Extended unemployment beneﬁts seem to be more eﬀective than at the zero lower bound. This is because when the nominal interest rate is constrained at a positive level, that means it has to stay at there for a longer time than at the zero lower bound. Then the positive eﬀect of leaving the liquidity trap more quickly, which is the by-produce of extending unemployment beneﬁts, is in turn bigger. From the analysis above, I ﬁnd that what really matters is whether the nominal interest rate is constant. Whether the constant is “zero” only inﬂuences the cost of the alternative policies. Taxes adjust slowly to the policies, and most expenditure of the alternative policies is ﬁnanced by issuing government bonds. An interest rate equal to zero means that the government could ﬁnance its expenditure at a lower cost than under a positive interest rate. But this feature only aﬀects the usefulness of the alternative policies to a tiny degree. This means the ﬁrst choice for the government to stimulate the economy is still the conventional monetary policy, namely, keep the interest rate from falling according to the Taylor rule is both eﬀective and costless; however, when the Federal Reserve faces some constraints that prevent it from lowering the federal funds rate to stimulate the economy, either because of the zero lower bound or other economical or political reasons, alternative
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policies could be used instead.



4.3



Results in the Model with Exogenous Separation and Nominal Wage Rigidity The same analysis and policy experiments are repeated in the model with exogenous



separation and nominal wage rigidity. And the results derived from models with and without the zero lower bound are listed in Panel E and F of Table 4 respectively. A negative liquidity shock aﬀects the real economy signiﬁcantly in this case as well, and both unconventional credit policy and ﬁscal expansion are still very eﬀective in stabilizing output when the zero lower bound is binding. These results are basically similar to what I get in the model with endogenous separation and real wage rigidity. Comparing the numbers with waved underline in Panel B and E of Table 4, we can ﬁnd that the main diﬀerence is the inﬂation dynamics in response to the liquidity shock. In the model with endogenous separation and real wage rigidity, inﬂation decreases by 4%; however, in the model with exogenous separation and nominal wage rigidity, it decreases by only less than 1%. Why do we get such a large gap between inﬂation changes in the two models? Comparing with the model with exogenous separation and nominal wage rigidity, real marginal cost in the model with endogenous separation and real wage rigidity has bigger ﬂuctuations, which causes the inﬂation rate to have a much bigger decrease under a negative liquidity shock. Why are there diﬀerences in inﬂation dynamics or real marginal cost ﬂuctuations in the two models? The diﬀerence in modeling wage rigidities is the main reason. In the model with endogenous separation and real wage rigidity, real wages are sticky, so when there is a negative shock that reduces the economy surplus of production, the real wage will decrease deﬁnitely (although the degree of real rigidity may aﬀect how much it falls). This fall in the real wage will lead to a decrease in real marginal cost as well as the inﬂation rate. In the model with exogenous separation and nominal wage rigidity, the nominal wage is sticky, and ﬁrms 37



and workers bargain on their nominal wages. So when there is a negative liquidity shock, the newly re-optimized nominal wage decreases, however, the deﬂation makes the average real wage increase slightly. The increase in the real wage has a positive eﬀect directly on real marginal cost and inﬂation. It also prevents large deﬂation indirectly by aﬀecting rental return of capital. Since the cost of using labor becomes higher due to the rise of the real wage, ﬁrms prefer to use more capital to substitute labor. As a result, unemployment will increase more and capital demand will decrease less in the model with exogenous separation and nominal wage rigidity. A smaller decrease in capital demand means a smaller decrease in the rental return of capital (because the capital stock is already determined in the previous period), which also causes a smaller decrease in real marginal cost and inﬂation. Besides the wage setup, endogenous separation also contributes to the more volatile inﬂation dynamics. This is because after a negative shock, the ﬁrms’ surplus decreases and then ﬁrms will raise the threshold for endogenous separation, which leads to an increase in the average matchspeciﬁc productivity. This will cause a further decrease in real marginal cost, and in turn, a further decrease in inﬂation. Other results are completely opposite to those obtained in the model with endogenous separation and real wage rigidity. Surprisingly, in the model with exogenous separation and nominal wage rigidity extended unemployment beneﬁts are harmful for output even with the presence of the zero lower bound. More generous unemployment beneﬁts lead to a larger decrease in output and larger increase in unemployment. Why does this happen? The eﬀect of extended unemployment beneﬁts in moderating deﬂation could beneﬁt the economy little in this model, because the deﬂation problem is not as severe as in the model with endogenous separation and real wage rigidity. In this case, the disadvantages of extended unemployment beneﬁts dominate and result in a decrease in output than in the absence of the policies. Moreover, the zero lower bound has tiny eﬀects in the model with exogenous separation and nominal wage rigidity. The dynamic diﬀerences of main variables between the two cases are negligible. The diﬀerence between decreases in output with double underlines in Panel
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E and F of Table 4 is small, and this is true for other main variables as well. Since the nominal interest rate follows rbt = ϕπ π bt (ϕπ > 1), larger deﬂation means a larger decrease in the nominal interest rate when we are away from the zero lower bound. This leads to a big fall in the real interest rate, which can largely stimulate demand. In the model with endogenous separation and real wage rigidity, demand is boosted suﬃciently through the decrease in the real interest rate, so output does not respond much to the negative liquidity shock. However, in the model with exogenous separation and nominal wage rigidity, the drop in inﬂation is much smaller, so the decrease in the real interest rate is not big enough to boost demand suﬃciently. As a result, even without the zero lower bound, output still has a big fall in response to a negative liquidity shock. The equity price qt still decreases in response to the liquidity shock without the presence of the zero lower bound. The small decline in real interest rate could not cause a big enough increase in λct neither, hence, qt cannot increase even without the zero lower bound. Since the zero lower bound plays a relatively unimportant role in the model, the eﬀects of the policies are not aﬀected much when the economy is away from the zero lower bound. In a word, nominal wage rigidity and exogenous separation smooth the reaction of inﬂation to a liquidity shock and cause the diﬀerences in results derived from the two models. We can say that the search frictions on the labor markets amplify the liquidity shock while the endogenous separation and real wage rigidity dampen it through lowering inﬂation and real interest rate. However, this dampen eﬀect is valid only when the zero lower bound is not binding, because Taylor rule is a crucial channel for the mechanism to work. Besides, the eﬀect of a decreasing in matching eﬃciency also diﬀers from the previous model. As shown in Figure 10 a lower matching eﬃciency increases the originally high unemployment rate, while does not slow down the recovery at all. Why? Since there is no endogenous separation in this model, the channel that a lower matching eﬃciency decreases endogenous separation and in turn decreases unemployment does not exist any more, so the only on impact eﬀect of the lower matching eﬃciency is decreasing the number of new
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matches and in turn increases unemployment. Then why doesn’t it slow down the recovery? In this model, ﬁrms pay a convex hiring cost, that is, the cost depends on how many workers they hire instead of how many vacancies they post. That means, ﬁrms could get the number of new matches by arbitrarily adjusting their vacancy posting without paying any cost. This behavior could perfectly oﬀset the negative eﬀect of a lower matching eﬃciency in the recovery of employment. And the initial higher unemployment rate, caused by the sudden decrease in matching eﬃciency before ﬁrms could adjust their vacancies, decreases labor market tightness, which is also helpful in oﬀsetting the eﬀect of a decrease in matching eﬃciency.



4.4



Robustness Check: 2-State Markov Liquidity Shocks



In this section, I will abandon the deterministic assumption and simulate a model with stochastic liquidity shocks to check whether the results obtained above still hold. I will use the model with endogenous separation and real wage rigidity. The liquidity shocks are now assumed to follow a 2-state Markov process with absorbing state. In the low state, ϕt decreases to ϕL , and in the normal state ϕt goes back to its steady state level ϕ. At t = 1, the economy moves from the steady state to the low state. Then the low state persists with probability ρϕ , and goes back to its normal state with probability 1 − ρϕ . Once ϕt goes back to its steady state, it will stay there permanently. The size of the shock is still 0.6, the same as in the deterministic case. The transition probability is the same as the persistence parameter of the AR(1) process followed by the deterministic liquidity shock before, and the expected duration of the shock in both case is 6 quarters. Panel G of Table 4 are the results derived from the model with Markov shocks. Solid lines in Figure 11 represent the responses to the deterministic liquidity shock if only baseline policies are implemented. Dashed lines are the ex ante impulse responses to the Markov shocks correspondingly. Following Del Negro et al. (2011), these impulse responses are the ex ante average of all realized paths. The Markov shocks have even bigger 40



impacts than the deterministic shock. The nominal interest rate hit the zero lower bound only at the ﬁrst period, because in the realized paths where the shock goes back to its normal state very quickly, the nominal interest rate will go out of the zero lower bound more quickly as well. This makes the ex ante average nominal rate greater than zero. Credit policy is still very eﬀective in boosting aggregate demand by increasing entrepreneurs’ liquidity and investment. Fiscal expansion is not as powerful as in the deterministic case, because in the realized paths which go out of the zero lower bound relatively early, ﬁscal expansion will lead to a rise in the real interest rate and crowds out private spending from very early stage of its implementation. This pulls down the ex ante average consumption and output. Extended unemployment beneﬁts increase unemployment further and slow down the recovery in the early periods. However, the positive eﬀects of this policy on consumption and output are smaller than those in the deterministic case. The reason is the same as that for the smaller eﬀect of ﬁscal expansion. From the robustness check, we can ﬁnd that the basic results still hold qualitatively, but quantitative changes happen because of the uncertainty caused by the stochastic shocks.



5



Conclusion From studying two models with liquidity friction and labor market frictions, the results



I can get are in three folds. First, in the model with endogenous separation, real wage rigidity and zero lower bound, a liquidity shock is ampliﬁed by labor market search frictions and can lead to a large decline of the whole economy, and unconventional credit policy and ﬁscal expansion are eﬀective in preventing large drops in output. Extended unemployment beneﬁts slightly mitigating the decline in output and consumption at the cost of raising the unemployment rate and slowing down the recovery of the labor market. Moreover, the longer the extended unemployment beneﬁts program lasts, the greater the cost. Without the zero lower bound on the nominal interest rate, the above results don’t hold any more.
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Second, in the model with exogenous separation and nominal wage rigidity, besides the results similar to what I get from the other model, such as the large impact of a liquidity shock, and the eﬀectiveness of unconventional credit policy and ﬁscal expansion, I also get some opposite results. The zero lower bound doesn’t play an important role any longer, and extended unemployment beneﬁts could not beneﬁt the economy anymore even at the zero lower bound. Third, diﬀerent responses of inﬂation resulting from diﬀerent setups in wage rigidity and job separation lead to these diﬀerent results in the two models. Using nonlinear methods to solve the model with stochastic shocks to get more accurate results is a possible extension of this paper. Using empirical work to support the results obtained from the paper can also be a promising direction for future research.
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A



Equation System for the Model with Endogenous Separation and Real Wage Rigidity



A.1



Nonlinear Equations Nt = 1 − χ − Ut



(A.1)



ζ 1−ζ Nt = (1 − ρt )[Nt−1 + (1 − χ)EUt−1 Vt−1 ]



(A.2)



ζ 1−ζ ρw /Ut = Eτt1−ζ t = m(Ut , Vt )/Ut = EUt Vt
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ρft = m(Ut , Vt )/Vt = EUtζ Vt1−ζ /Vt = Eτt−ζ



(A.4)
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(A.8) (A.9)



ξ = ω(pt−1 πt−1 )1−ϵt + (1 − ω)(p∗t )1−ϵt
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Stg ϕt = ψK ( − 1) K ϕ
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It Yt = Ct + [1 + Ψ( )]It + Gt + γVt I



(A.32)



Bt Lt = H B t + p t qt K t Lt + qt KtH



(A.33)



LSt =



There are 33 equations and 33 endogenous variables (Yt , Ct , It , Gt , Gut , KtH , St , Stg , Bt , e t∗ , Kt∗ , qt , pIt , pt , p∗t , πt , µt , rt , rtK , YtL , ut , nt , vt , ρt , e Lt , Tt , K at , ρft , ρw t , λ1t , λ2t , Λt,t+s , LSt ).



A.2



Steady State N =1−χ−U



(A.34)



ρN = m(U, V ) = (1 − ρ)EU ζ V 1−ζ



(A.35)



ρw =



m(U, V ) = Eτ 1−ζ U



(A.36)



ρf =



m(U, V ) = Eτ −ζ V



(A.37)



ρ = 1 − (1 − χ)(1 − ρx )(1 − F (e a)) (1 − ηW )



1−α K ∗ γ 1 − α K e∗ r K − W γτ − (1 − W )A − (1 − η)W r K + f =0 α α ρ
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(A.38) (A.39)



1−α K ∗ γ r K −YL+ f)=γ α ρ



(A.40)



1−α K ∗ r K + γτ ) + (1 − W )A α



(A.41)



βρf (1 − ρ)( Y L = W(



π=1



(A.42)



1 a 1−α e ∗ = ( αe K ) K µr ∫ amax 1 1 1 α 1−α ∗ a 1−α f (a)da K = ( K) 1 − F (e a) µr e a



Y =



N µrK K ∗ α



(A.45) (A.46)



λ1 = C −σ



(A.47)



q−1 ) 1 − θq



rK + (1 − δ)q χ(q − 1) χ(1 − δ)(1 − ϕ)(q − 1) (1 + )− q 1 − θq 1 − θq I=χ



(A.44)



pI = 1



β −1 = r(1 + χ β −1 =



(A.43)



[rtK + (1 − δ)qϕ]S + (1 − µ1 )Y + L 1 − θq L=



B p



(A.48) (A.49)



(A.50) (A.51)



δK H = I



(A.52)



Sg = 0



(A.53)



G = gy Y



(A.54)



Gu = gyu Y



(A.55)



T = (r − 1)L



(A.56)



KH = S



(A.57)
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KH = N K∗



(A.58)



Y = C + I + G + γV



(A.59)



LS =



A.3



L L + qK H



(A.60)



U u bt N



(A.61)



Log-Linearized Equations n bt = − n bt = (1 − ρ)b nt−1 −



ρbt = [



ρbw ut + (1 − ζ)b vt t = (ζ − 1)b



(A.63)



ρbft = ζ u bt − ζb vt



(A.64) (A.65)



∗ 1 − α K e∗ K b γ bt ) + f ρbft r K (b rt + e k t ) = ηW γτ (b vt − u α ρ



(A.66)



b1t+1 − λ b1t − = Et [λ



ρ ρbt+1 + 1−ρ



Y L ybtl = ηΘ[ π bt =



(A.62)



(1 − χ)(1 − ρx )ρn n (1 − χ)(1 − ρx )ρn f (e a)e ab ]b ρt = [ ] e at ρ ρ F (e a)



(1 − ηW ) −b ρft



ρ ρbt + ρ[ζ u bt−1 + (1 − ζ)b vt−1 ] 1−ρ



1−α K ∗ k ∗ L r K (b rt+1 + b kt+1 ) − Y L ybt+1 α 1−α K ∗ r K − Y L + ργf α



−



1 − α K ∗ k b∗ r K (b rt + kt ) + γτ (b vt − u bt )] α



β ξ (1 − βω)(1 − ω) Et [b πt+1 ] + π bt−1 − µ bt 1 + βξ 1 + βξ ω(1 + βξ) ∗ b e kt =



b kt∗ =



γ f ρb ρf t+1



]



(A.67)



(A.68) (A.69)



1 (b zt + b e at − µ bt − rbtK ) 1−α



(A.70)



ρn 1 X ′ (e a) b n K + ) + ρ b (b z − µ b − r b e ae at t t t t 1 − ρn 1−α X(e a)



(A.71)



ybt = n bt + µ bt + rbtK + b kt∗



(A.72)



pbIt = Ψ′′ (1)bit



(A.73)



b1t = −σb λ ct



(A.74)
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1−θ 1−θ b1t − Et [λ b1t+1 ] = rbt − Et [b λ πt+1 ] + βχrq Et [b qt+1 ] − βχrq Et [b pIt+1 ] 2 2 (1 − θq) (1 − θq)



(A.75)



K q−1 K b1t − Et [λ b1t+1 ] + β r (1 + χ q − 1 )Et [b rt+1 ] + β(1 − δ)χ ϕEt [ϕbt+1 ] qbt =λ q 1 − θq 1 − θq rK q(1 − θ) − βχ[ + (1 − δ)ϕ] Et [b pIt+1 ] q (1 − θq)2 q−1 1−θ + β[(1 − δ) + χ(1 − δ) ϕ + χ(rK + (1 − δ)ϕq) ]Et [b qt+1 ] 1 − θq (1 − θq)2



(A.76)



rL rt−1 + b lt−1 − π bt ) − χ(1 − δ)qϕϕbt (1 − θq)δbit + δ(1 − χ)b pIt − (θδ + χ(1 − δ)ϕ)qb qt − χ H (b K Y 1 Y T − χ[rK + (1 − δ)qϕ]b st−1 − χrK rbtK − χ H (1 − )b yt − χ H µ bt + χ H b tt = 0 K µ K µ K (A.77) H b ktH = (1 − δ)b kt−1 + δbit



(A.78)



rbt = max (− log r, ϕπ π bt )



(A.79)



sbgt = ψK ϕbt



(A.80)



gbt = ρG gbt−1 + ϵG t



(A.81)



u



u gbtu = ρG gbt−1 + ϵG t



u



(A.82)



rL L b Gu u T b G g g K b t = qb s + (b r − π b + l ) − [r + (1 − δ)q]b s − g b + gb (A.83) l + t t−1 t t t t t t−1 KH KH KH KH KH t T b rL tt = ψ T [ H (b rt−1 − π bt + b lt ) − qb sgt ] H K K



(A.84)



b ktH = sbt + sbgt where sbgt = Stg /K H



(A.85)



H b =n bt + b kt∗ kt−1



(A.86)



ybt = (1 −



I γV I γV − gy − )b ct + bit + g y gbt + vbt Y Y Y Y bt = ls



1 1+



L qK H



[b lt − (b qt + b ktH )]
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(A.87) (A.88)



B



Equations for the Labor Market with Exogenous Separation and Nominal Wage Rigidity



B.1



Staggered Wage Bargaining



The ﬁrst order condition with respect to for Nash Bargaining: ∗



∗



∗



∗



Υt (YtN L )Jt (YtN L ) = [1 − Υt (YtN L )][Ht (YtN L ) − Wt ],



(B.1)



where Θ , ∗ Θ + (1 − Θ)ξt (YjtN L )/ιt



∗



Υt (YjtN L ) = ιt = 1 + Et



λ1t+1 (1 − ρ)(1 − η)β/πt+1 ιt+1 , λ1t



(B.2)



(B.3)



and ∗



ξt (YjtN L ) = 1 + Et



λ1t+1 ∗ ∗ [(1 − ρ) + Xt+1 YjtN L ](1 − η)β/πt+1 ξt+1 YjtN L . λ1t



(B.4)



The log-linearized ﬁrst order condition is ∗ b t (YtN L∗ ) = ∆ b t (YtN L∗ ), Jbt (YtN L ) + (1 − Υ)−1 Υ



(B.5)



where ∗



∗



∆t (YtN L ) = Ht (YtN L ) − Wt .



(B.6)



∗ b t (Y N L∗ ) and rearranging Substituting the log-linearized expressions for Jbt (YtN L ) and ∆ t
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yields L ybtL + [Υβ(1 − η)ξ + (1 − Υ)(1 − ρ)β(1 − η)ι]Et (b ytL − π bt+1 − ybt+1 )



=Υ(1 − α)(Y /N )(1/µ)(1/Y L )(−b µt + ybt − n bt )+ b1t+1 − λ b1t )]+ ΥXβ(J/Y L )Et [b xt+1 + 1/2(λ



(B.7)



b b b (1 − Υ)(Gu + A)/Y L gbtu + (1 − Υ)∆/Y L βρw Et [b ρw t+1 + ∆x,t+1 + λ1t+1 − λ1t ]+ b t (Y N L ) − (1 − ρ)βEt Υ b t+1 (Y N L )], ΥJ/Y L (1 − Υ)−1 [Υ t t+1 ∗



∗



where



∫



1



∆x,t = Hx,t − Wt =



Ht (YjtN L ) 0



Xjt Njt−1 dj Xt Nt−1



(B.8)



is the average surplus of employment conditional on being a new worker at t.



B.2



Log-linearized Equations



Aggregate hiring rate



x bt =



(1 − α)Y YL L b1t+1 − λ b1t ) + βEt x (−b µt + ybt − n bt ) − yb + β(1 − ρ)/2Et (λ bt+1 N µκX κX t



(B.9)



Weight in Nash bargaining b t = −(1 − Υ)(ξbt − b Υ ιt )



(B.10)



b1t+1 − λ b1t − π b ιt = (1 − ρ)(1 − η)βEt (λ bt+1 + b ιt+1 )



(B.11)



with



L 2



Y ξ b1t+1 − λ b1t −b Et (b ytL −b πt+1 −b ytL )+(1−η)βEt (ξbt+1 + λ πt+1 ) ξbt = X(1−η)βEt x bt+1 −X(1−η)β κX (B.12)
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Target wage ∗



ybtL =



Υ(1 − α)Y (−b µt + ybt − n bt ) + (Υβκx2 /Y L + (1 − Υ)ρw βH/Y L )Et x bt+1 L N µY u L u + (1 − Υ)ρw βH/Y L Et ρbw bt t+1 + (1 − Υ)(G + A)/Y g



(B.13)



b1t+1 − λ b1t ) + (Υβκx /Y /2 + (1 − Υ)ρ βH/Y )Et (λ 2



L



w



L



b t − (1 − ρ − ρw )β Υ b t+1 ) + Υ(1 − Υ)−1 κX/Y L (Υ Aggregate wage ∗



L L ybtL = γb (b yt−1 −π bt ) + γo ybtL + γf Et (b yt+1 −π bt+1 )



where γb = (1 + τ2 )τ3−1 γo = ςτ3−1 γf = (τ4 /(1 − η) − τ1 )τ3−1 ς = η(1 − τ4 )/(1 − η) τ1 = [ξΥβX + ΥXβ 2 (1 − η)ξ 2 (1 − ρ) + (1 − Υ)ρw βH/Y L Γ](1 − τ4 ) τ2 = −ξ 2 ΥXβ(1 − η)(1 − τ4 ) τ3 = (1 + τ2 ) + ς + (τ4 /(1 − η) − τ1 ) τ4 =



Υβ(1 − η)ξ + (1 − Υ)(1 − ρ)β(1 − η)ι 1 + Υβ(1 − η)ξ + (1 − Υ)(1 − ρ)β(1 − η)ι Γ = (1 − ΘXβ(1 − η)ξ)Θ−1 ξY L /(κX)



57



(B.14)



C



Tables and Figures Table 1: Calibrated Values for Parameters Agreed with Del Negro et al. (2011) Standard parameters β =0.99 Discount factor α =0.4 Capital share σ =1 Relative risk aversion δ =0.025 Depreciation rate ϵp =11 Elasticity of substitution ω =0.75 Price Calvo probability η =0.25 Real/Nominal wage rigidity Financial friction parameters ϕ(= θ) =0.207 Resaleability/Borrowing constraint parameter for entrepreneurs ψ ′′ (1) =1 Investment adjustment cost parameter χ =0.05 Probability of investment opportunity L =0.4 Steady-state liquidity-GDP ratio 4Y ϕ ϵ1 =0.6 Size of the liquidity shock ρϕ =0.833 Persistence of the liquidity shock Baseline policy parameters ϕπ =1.5 Taylor rule coeﬃcient ψT =0.1 Transfer rule coeﬃcient NOTE: All the above parameters are calibrated following Del Negro et al. (2011).
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Table 2: Calibrated Values of Non-Standard Parameters Labor market parameters (for both models) ζ =0.5 Elasticity of matching function W =0.36 Workers’ Bargaining power ρ =0.105 Total separation rate ρw =0.7 Steady-state job-ﬁnding rate Labor market parameters (for model with endogenous separation and real wage rigidity only) σa =0.15 Standard deviation of match-speciﬁc productivity e a =0.74 Steady-state threshold of productivity τ =0.74 Steady-state labor market tightness Labor market parameters (for model with exogenous separation and nominal wage rigidity only) eb =0.72 Total unemployment compensation Steady state policy parameters gy =0.2 Steady state government spending - output ratio u gyL =0.2 Replacement rate G ρ =0.9375 Persistence of the ﬁscal expansion u ρG =0.97 Persistence of the unemployment beneﬁts change Policy parameters when there is no alternative intervention ψK =0 Unconventional credit intervention parameter G ϵ1 =0 Initial ﬁscal expansion u ϵG =0 Initial change in the unemployment beneﬁts 1 Policy parameters when alternative policies are implemented separately ψK =-0.0672 Unconventional credit intervention parameter ϵG =0.075 Initial ﬁscal expansion 1 Gu ϵ1 =0.5 Initial change in the unemployment beneﬁts NOTE: The size of initial unemployment benefits change, unconventional credit intervention and fiscal intervention parameters (which didn’t appear in Zhang (2012)) are calibrated to match the data. All other parameters are calibrated following Zhang (2012).



Table 3: Eﬀect of Fiscal Expansion Eﬀect On impact Cumulative



Y F P − Y NP 2.28% 5.4%



CF P − CNP 1.17% -5%



Ye F P − Y N P 0.78% -0.6%



multiplier >1 


NOTE: X F P represents the variable when fiscal expansion is implemented, X N P represents the variable without fiscal expansion, and Ye F P represents the output net of increased government spending when fiscal expansion is implemented.
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Table 4: Results from Diﬀerent Models y



c



i



r1



π



q



liq.



u1 (n2 )



w



-14.16



-0.55



-0.72



-2.40



-34.00



-8.25



0.15



-5.95 -3.04 -4.22 -6.68



-36.97 -23.30 -35.89 -36.39



9.57 6.00 6.19 10.37



1.76 1.54 0.03 -5.95



-32.76 -20.92 -33.73 -34.92



4.71 3.15 4.23 10.32



-1.57 -1.29 -2.21 -1.05



-11.12 -39.36 -7.77 -25.54 -6.75 -37.13 -7.45 -36.93



14.33 9.75 8.21 10.81



-6.82 -5.15 -4.48 -3.06



-3.80 -2.52 -3.13 -7.04



-36.44 -23.47 -35.88 -37.92



9.86 7.39 6.64 16.68



0.77 ::::: 0.56 0.42 1.71



A. No Search Frictions + ZLB baseline policies



-6.34



-3.76



B. Endo. Separation & Real Wage Rigidity + ZLB baseline policies credit policy ﬁscal expansion ext. unemp. beneﬁts



-8.15 -5.87 -5.87 -7.72



-7.24 -4.02 -6.07 -5.98



-16.84 -15.39 -16.26 -17.48



-0.55 -0.55 -0.55 -0.55



-3.63 -2.53 -2.52 -2.16



:::::::



-3.29 -2.28 -3.56 -1.48



:::::::



C. Endo. Separation & Real Wage Rigidity + NZLB baseline policies credit policy ﬁscal expansion ext. unemp. beneﬁts



-3.67 -3.24 -3.45 -6.42



-1.89 -1.38 -3.19 -5.65



-14.01 -13.69 -14.70 -16.55



-3.49 -2.73 -2.88 -2.86



-2.33 -1.82 -1.92 -1.91



D. Endo. Separation & Real Wage Rigidity + PLB3 baseline policies -11.17 credit policy -8.64 ﬁscal expansion -7.38 ext. unemp. beneﬁts -8.43



-11.89 -8.29 -8.41 -7.27



-18.50 -0.10 -16.94 -0.10 -17.16 -0.10 -17.64 -0.10



-5.03 -3.76 -3.04 -2.54



E. Exo. Separation & Nominal Wage Rigidity + ZLB baseline policies credit policy ﬁscal expansion ext. unemp. beneﬁts



-8.24 -6.80 -6.10 -11.11



-5.97 -4.10 -5.33 -10.00



-16.66 -0.55 -15.66 -0.55 -16.38 -0.55 -18.05 -0.55



-1.54 -1.20 -1.05 -1.56



:::::::



F. Exo. Separation & Nominal Wage Rigidity + NZLB baseline policies credit policy ﬁscal expansion ext. unemp. beneﬁts



-7.13 -6.05 -5.49 -10.03



-5.25 -3.94 -4.91 -9.82



-15.98 -2.16 -15.21 -1.70 -16.00 -1.49 -17.40 -2.21



-1.44 -1.13 -0.99 -1.47



-2.79 -2.12 -2.56 -6.48



-35.52 -22.85 -35.38 -37.04



9.72 6.56 6.51 16.63



0.78 0.57 0.42 1.75



-12.24 -9.07 -10.36 -11.12



-13.49 -19.06 -0.55 -8.91 -17.14 -0.55 -12.89 -18.79 -0.55 -11.26 -19.16 -0.55



-5.81 -4.18 -4.65 -3.79



-12.93 -40.11 -8.94 -25.79 -11.77 -39.49 -12.13 -39.07



16.47 10.50 13.08 15.69



-7.51 -5.44 -6.37 -4.78



G. Markov Shock4 baseline policies credit policy ﬁscal expansion ext. unemp. beneﬁts



NOTE: The table reports the on impact responses of main variables after a negative liquidity shock in different models. Red numbers indicate economic improvement comparing with the baseline policies in the same panel, while blue ones indicate the opposite. Numbers emphasized with the same type of underline and font are compared in the paper. 1 The numbers for the nominal rate and unemployment rate represent level deviations, and for other variables represent log-deviations. 2 Since there is no unemployment in the model with no search frictions, I report the log-deviation in employment. 3 The nominal interest rate is bounded at a positive lower bound. 4 The one-time unexpected shock is substituted with a 2-state Markov shock with absorbing state.
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Figure 1: The Role of Credit Policy in the Response to a Liquidity Shock at the ZLB in a Model with Endogenous Separation and Real Wage Rigidity. NOTE: The solid lines show the impulse responses after a liquidity shock in the model with endogenous separation, real wage rigidity and zero lower bound for the nominal interest rate. The dashed lines are the corresponding responses with unconventional credit intervention after the liquidity shock. The X-axis gives time horizon in quarters. In graphs for the annual nominal interest rate and unemployment rate, the Y-axis represents level deviation, and in graphs for other variables, it represents log-deviation.
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Figure 2: The Role of Fiscal Expansion in the Response to a Liquidity Shock at the ZLB in a Model with Endogenous Separation and Real Wage Rigidity. NOTE: The solid lines show the impulse responses after a liquidity shock in the model with endogenous separation, real wage rigidity and zero lower bound for the nominal interest rate. The dashed lines are the corresponding responses with fiscal expansion after the liquidity shock. The X-axis gives time horizon in quarters. In graphs for the annual nominal interest rate and unemployment rate, the Y-axis represents level deviation, and in graphs for other variables, it represents log-deviation.
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Figure 3: The Role of Extended Unemployment Beneﬁts in the Response to a Liquidity Shock at the ZLB in a Model with Endogenous Separation and Real Wage Rigidity. NOTE: The solid lines show the impulse responses after a liquidity shock in the model with endogenous separation, real wage rigidity and zero lower bound for the nominal interest rate. The dashed lines are the corresponding responses with extended unemployment benefits after the liquidity shock. The X-axis gives time horizon in quarters. In graphs for the annual nominal interest rate and unemployment rate, the Y-axis represents level deviation, and in graphs for other variables, it represents log-deviation.
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Figure 4: The Role of Extended Unemployment Beneﬁts and Matching Eﬃciency in Response to Liquidity Shocks at the ZLB in a Model with Endogenous Separation and Real Wage Rigidity. NOTE: The solid line shows the impulse response of the unemployment rate after a liquidity shock in the model with endogenous separation and real wage rigidity when the zero lower bound for the nominal interest rate is binding. The dashed line is the corresponding response with extended unemployment benefits after the liquidity shock. The dash-dot line is the corresponding response with a decline in matching efficiency. The X-axis gives time horizon in quarters. and the Y-axis represents level deviation.
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Figure 5: The Role of the ZLB in the Response to a Liquidity Shock in a Model with Endogenous Separation and Real Wage Rigidity. NOTE: The solid lines show the impulse responses after a liquidity shock in the model with endogenous separation, real wage rigidity and zero lower bound for the nominal interest rate. The dashed lines are the corresponding responses after the liquidity shock away from the zero lower bound. The X-axis gives time horizon in quarters. In graphs for the annual nominal interest rate and unemployment rate, the Y-axis represents level deviation, and in graphs for other variables, it represents log-deviation.
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Figure 6: Using Credit Policy to Mimic the Response to Liquidity Shocks without the ZLB in a Model with Endogenous Separation, Real Wage Rigidity and ZLB. NOTE: The solid line shows the impulse response of output after a liquidity shock in the model with endogenous separation and real wage rigidity when the zero lower bound for the nominal interest rate is binding. The dashed line is the corresponding response without the ZLB. The dash-dot line is the corresponding response with a larger credit policy that helps the output mimic the initial decline without the ZLB when the ZLB is binding. The X-axis gives time horizon in quarters. and the Y-axis represents log deviation.
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Figure 7: Using Fiscal Expansion to Mimic the Response to Liquidity Shocks without the ZLB in a Model with Endogenous Separation, Real Wage Rigidity and ZLB. NOTE: The solid line shows the impulse response of output after a liquidity shock in the model with endogenous separation and real wage rigidity when the zero lower bound for the nominal interest rate is binding. The dashed line is the corresponding response without the ZLB. The dash-dot line is the corresponding response with a larger fiscal expansion that helps the output mimic the initial decline without the ZLB when the ZLB is binding. The X-axis gives time horizon in quarters. and the Y-axis represents log deviation.
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Figure 8: The Role of the ZLB in Response to a Liquidity Shock in a Model with Exogenous Separation and Nominal Wage Rigidity. NOTE: The solid lines show the impulse responses after a liquidity shock in the model with exogenous separation, nominal wage rigidity and zero lower bound for the nominal interest rate. The dashed lines are the corresponding responses after the liquidity shock away from the zero lower bound. The X-axis gives time horizon in quarters. In graphs for the annual nominal interest rate and unemployment rate, the Y-axis represents level deviation, and in graphs for other variables, it represents log-deviation.
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Figure 9: The Impact of a Liquidity Shock: Model with Endogenous Separation and Real Wage Rigidity Vs Model with Exogenous Separation and Nominal Wage Rigidity. NOTE: The solid lines show the impulse responses after a liquidity shock in the model with endogenous separation, real wage rigidity and zero lower bound for the nominal interest rate. The dashed lines are the corresponding responses after the liquidity shock in the model with exogenous separation and nominal wage rigidity. The X-axis gives time horizon in quarters. In graphs for the annual nominal interest rate and unemployment rate, the Y-axis represents level deviation, and in graphs for other variables, it represents log-deviation.
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Figure 10: The Role of Extended Unemployment Beneﬁts and Matching Eﬃciency in Response to Liquidity Shocks at the ZLB in a Model with Exogenous Separation and Nominal Wage Rigidity. NOTE: The solid line shows the impulse response of the unemployment rate after a liquidity shock in the model with exogenous separation and nominal wage rigidity when the zero lower bound for the nominal interest rate is binding. The dashed line is the corresponding response with extended unemployment benefits after the liquidity shock. The dash-dot line is the corresponding response with a decline in matching efficiency. The X-axis gives time horizon in quarters. and the Y-axis represents level deviation.
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Figure 11: The Impacts of Deterministic and Markov Stochastic Liquidity Shocks at the ZLB in a Model with Endogenous Separation and Real Wage Rigidity. NOTE: The solid lines show the impulse responses after a liquidity shock in the model with exogenous separation and nominal wage rigidity and without the zero lower bound for the nominal interest rate. The dashed lines are the corresponding responses with extended unemployment benefits after the liquidity shock. The X-axis gives time horizon in quarters. In graphs for the annual nominal interest rate and unemployment rate, the Y-axis represents level deviation, and in graphs for other variables, it represents log-deviation.
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