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Income Risk and Aggregate Demand over the Business Cycle

ABSTRACT

This dissertation consists of three essays on income risk and aggregate demand over the business cycle,
each addressing an aspect of the Great Recession.

The first chapter reframes the standard liquidity trap model to illustrate the costly feedback loop
between idiosyncratic risk and aggregate demand. I first show that a liquidity trap can result from excess
demand for precautionary savings in times of high uncertainty. Second, I show that the output and welfare
costs of the ensuing recession depend crucially on how the drop in demand for output is translated
into a reduction in demand for labor. Increased unemployment risk compounds the original rise in
idiosyncratic productivity risk and reinforces precautionary motives, deepening the recession. Third,
I show that increasing social insurance can raise output and welfare at the zero bound. I decompose
these effects to distinguish the component unique to the liquidity trap environment and show that social
insurance is most effective at the zero bound when it targets the type of idiosyncratic risk households face,
which in turns depends on the labor market adjustment mechanism.

The second paper offers a novel model of the connection between the consumer credit and home
mortgage markets through an individual’s credit history. This paper introduces a novel justification for
the home mortgage interest deduction. In an economy with both housing assets and consumer credit,
the mortgage interest deduction is modeled as a subsidy for the accumulation of collateralizable assets by
households who have maintained good credit. As such, the subsidy loosens participation constraints and
facilitates risk-sharing. Empirical evidence and a calibration exercise reveal that the subsidy has a sizable
impact on the availability of credit.

The third paper assesses the role of policy uncertainty in the Great Recession. The Great Recession
features substantial geographic variation in employment losses, a fact that is often presented as a challenge
to uncertainty-based models of the downturn. In this paper we show that there is a substantial correlation
between the distribution of employment losses and the increases in local measures of both economic and

policy uncertainty. This relationship is robust across a wide range of measures.
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1 Uncertainty, the Liquidity Trap and Social Insurance

1.1 Introduction

The global recession and the fall of interest rates in major economies to nearly zero poses a number of
questions about the liquidity trap. This paper develops a theory of why an economy falls into a liquidity
trap, shows that the costly feedback loop between idiosyncratic risk and aggregate demand at the zero
lower bound can deepen the ensuing recession, and quantitatively assesses the effectiveness of monetary
and fiscal policy interventions, in particular increases in social insurance.

Beginning with Krugman (1998), the liquidity trap literature is usually motivated with an ad-hoc de-
mand shock. This paper joins recent work by Eggertsson and Krugman (2011) and Guerrieri and Lorenzoni
(2011) in offering explicit microfoundations for the liquidity trap. While those papers propose a sudden
tightening of borrowing constraints caused by a financial sector shock to push the economy to the zero
lower bound, I instead emphasize the role of cyclical shocks to the level of idiosyncratic labor income risk.
In particular, I microfound the liquidity trap as resulting from a rise in demand for precautionary savings
in times of increased uncertainty about future income.

I develop a heterogeneous agent model in the tradition of Bewley (1977)-Huggett (1993)-Aiyagari (1994)
with three additional elements. First, following Bloom, Floetotto, and Jaimovich (2010), the model features
regime-switching between aggregate states of low and high uncertainty, modeled as the size of the condi-
tional variance of the idiosyncratic labor income process. Second, the model introduces a government with
access to two instruments of social insurance: unemployment insurance and progressive taxation. Third,
I introduce price rigidities and a zero lower bound. I calibrate the model to roughly match the United
States economy just prior to the crisis and use Storesletten, Telmer, and Yaron (2004)’s estimates of cyclical
changes in idiosyncratic risk. In the high-uncertainty state, heightened demand for precautionary savings
causes the market-clearing interest rate to fall below the zero bound, a result that survives several modifi-
cations of the baseline calibration.? This finding that a rise in idiosyncratic labor income risk provides a
robust and quantitatively plausible microfoundation for the liquidity trap is the first major contribution of
the paper.

The model also shows how an economy endogenously exits from a liquidity trap. As in Guerrieri and
Lorenzoni (2011), the interest rate overshoots because the wealth distribution is initially at a low-risk level
of dispersion in the aftermath of the shock. As wealth-poor households build up their bond holdings
in response to the increased level of risk, the market-clearing interest rate rises. For some calibrations,

the interest rate eventually rises above zero so that exit from the liquidity trap is endogenous even within

3Gourinchas and Parker (2001) show that such increases in individual income uncertainty indeed lead to higher savings rates.



the high-uncertainty aggregate state. Capturing this mechanism by which the household distribution
evolves to endogenously end the liquidity trap is a virtue of a framework featuring heterogeneity over
representative agent liquidity trap models, which usually assume that exit is exogenous.

How does output adjust during the liquidity trap, and how deep is the recession in a demand-constrained
economy? I compare two mechanisms by which the reduction in demand for output is translated into a
reduction in demand for labor to illustrate the importance of the interaction between idiosyncratic risk and
aggregate demand. The standard practice in the literature introduces an endogenous labor wedge at the
zero lower bound. Firms bid down wages, and households work less in response. The limitation of this
approach is evident in a heterogeneous agent model that emphasizes idiosyncratic risk: when the labor
market clears at the zero bound through a labor wedge, the costs of the recession are shared proportionally
by all employed households. The implication that output falls without creating any additional idiosyn-
cratic risk neglects an important aspect of recessions.

I therefore consider a simple alternative inspired by Hall (2011). If wages are rigid, firms adapt to the
reduction in demand at the zero bound by reducing employment. I model this possibility by finding the
unemployment entry and exit probabilities (and implied unemployment levels), respectively, that achieve
market clearing. Adjusting the entry probability corresponds to an increased likelihood of unemployment
spells of normal duration, while reducing the exit probability corresponds to an increased expected du-
ration of infrequent unemployment spells. In contrast to the labor wedge approach, adjustment through
unemployment magnifies idiosyncratic income risk. This increase in risk reinforces the original sharpening
of precautionary motives, creating a feedback loop between aggregate demand and idiosyncratic risk at the
zero bound that is unique to the model.

The quantitative results of the model suggest that both the output and welfare costs of the liquidity trap
are considerably larger when the labor market adjusts in a way that amplifies the rise in productivity risk,
namely, by increasing employment risk. Adjustment through increased entry into unemployment proves
worse than adjustment through reduced wages, and an increase in unemployment achieved through a
reduction in the unemployment exit rate is even worse. The intuition for this result is that a decrease in
labor supply achieved through longer unemployment spells is the most concentrated form of idiosyncratic
risk and induces the strongest precautionary response and therefore the largest drop in output in a demand-
constrained economy. This mirrors a result in Challe and Ragot (2010), who show that the precautionary
savings response to the business cycle is especially strong when shocks lead to persistent unemployment.
This finding — that the liquidity trap is more costly when it involves an amplification of idiosyncratic risk,
especially concentrated risk - is the paper’s second major contribution.

Finally, I consider a set of policy experiments to quantitatively assess the effectiveness of monetary



interventions and expansion of social insurance. The policy results suggest several general lessons that
form the paper’s third major contribution. First, policies that greatly expand the aggregate supply of
bonds or loosen borrowing constraints are very effective in mitigating the output drop at the zero bound
because they increase households’ ability to smooth consumption. Second, while social insurance can also
reduce the fall in output, social insurance policies are most effective when they successfully target the type
of idiosyncratic risk generated by the liquidity trap. For example, extending the duration of unemployment
benefits is very effective when the reduction in labor demand is manifested in lower unemployment exit
rates, and quite ineffective otherwise. Third, a decomposition of the welfare effects of each policy into a
component that exists in the fully flexible case — the standard distortionary effect — and a component unique
to the liquidity trap shows that some policies that would be undesirable in normal times become output- or
welfare-enhancing at the zero bound. More generally, these numerical experiments demonstrate the point,
also made by Mertens and Ravn (2011), that the nature of the shock that generates the liquidity trap has
implications for what policies are effective in softening the ensuing recession.

The broad goal of the paper is to ask how reframing the liquidity trap with an emphasis on the relation-
ship between idiosyncratic risk and aggregate demand in times of high uncertainty affects both estimates
of its output costs and the effectiveness of possible policy responses. The first section describes the model.
The second section discusses the calibration. The third section shows the results of a high-uncertainty
shock first for a fully flexible economy and then for a zero lower bound economy, and then discusses the
quantitative effects on output and welfare of several policy interventions. The last section concludes, and

an appendix discusses the numerical methods used to solve the model.

1.2 Model

I first present a simple model of idiosyncratic risk that features regime-switching in the conditional vari-
ance of labor productivity. A government sector is then introduced that provides social insurance through
unemployment insurance and redistributive taxation. The emphasis on incomplete markets and precau-
tionary savings builds on the class of models in the tradition of Bewley (1977), Huggett (1993), and Aiyagari
(1994). However, as in Bloom, Floetotto, and Jaimovich (2010), risk is time-varying. The model provides
microfoundations for the liquidity trap, which is reached in times of high uncertainty about future idiosyn-
cratic labor productivity because of a rise in households’ desire for precautionary savings. The possibility

that the market-clearing gross interest rate is less than one is not extraordinary in this class of models.



1.2.1 The basic model with time-varying risk

This section describes a simple Bewley (1977) model with two added features, regime-switching in the con-
ditional variance of the income process ("uncertainty shocks") and a government with two tax instruments.

For now, prices are flexible and the interest rate is unconstrained.

Uncertainty The economy fluctuates stochastically between a state of low uncertainty, v; = 0, and high

uncertainty state, v; = 1, according to the transition probabilities

P(vr =1y =1) = off

P (i1 =0y =0) = otk (1)

Uncertainty here refers to the variance of the innovations to the idiosyncratic household productivity
process. Household i’s productivity 8; ;, measured as efficiency units of labor, has a persistent component

z; 1 and transitory component ¢; ;. The log of productivity evolves as

logbiy = zit+eir )

Zit = PZit-1 1 (©)

where the innovations exhibit a regime-switching conditional variance dependent on the uncertainty state,

e ~ N(0(1—v)o? +o? ) (4)
Ui/t ~ N (O’ (1 a Ut) O%Iow + Uta%high) (5)

This decomposition of the earnings process into a transitory and permanent component is standard in the
literature and in this particular formulation follows Storesletten, Telmer, and Yaron (2004), whose parame-
ter estimates of idiosyncratic risk over the business cycle are used for calibration.

Aggregate productivity risk is ignored here to reduce computational demands. This can be justified by
the minimal quantitative role of the aggregate relative to the idiosyncratic component in total household

income risk.*

4In related work, Basu and Bundick (2011) also develop a model in which strengthened precautionary motives induce a liquidity
trap. Their emphasis, however, is on uncertainty about aggregate productivity, calibrated to match stock market volatility, instead of
idiosyncratic labor income risk.



Households The economy consists of a unit continuum of households i. Households have period utility

1—* 1—o"
Cir N i) "

— L ®)

u(cipnip) =

where c; ; is consumption and n; ; is labor supply. Households have 1 unit of time each period, which they
divide between labor and leisure.

Each household has idiosyncratic productivity 8; ;, defined as efficiency units of labor, which evolves as

described in (2). Households also fall into unemployment, ¢;; = —oo, with likelihood,
P(Si,tJrl = _°°|5i,t 75 —oo) — in
P (11 # —lgjp = —00) = (Pout_ -

These stochastic unemployment shocks are modeled as part of the transitory income process to limit the
state space, and transitory risk for employed households is determined by (4). Unemployed households
have leisure time equal to 1 — nY, where n'! parameterizes the amount of time spent searching for work
while unemployed.

Employed households choose labor supply 7;;. Output is a linear function of efficiency units of labor,
so that pre-tax earnings are equal to 6;n;;. As in Heathcoate, Storesletten, Violante (2010), employed

households pay a distortionary labor income tax,
Ti,t = 9i,t”i,t —A (Gi,t”i,t)l_T ’ 8)

where T parameterizes the progressivity of taxation and A the level. Total after-tax income is then
A (Bimig)' T

Unemployed households receive unemployment insurance equal to a replacement rate u on their in-
come, subject to a maximum u. Because it is infeasible to retain the history of each household’s labor
supply choices, I set the income level used to calculate unemployment benefits as the labor income that
would be earned by a household in the same uncertainty state v; with identical values of persistent income
z;i; and savings b;;, but with transitory shock ¢;; = 0. This "counterfactual" labor supply serves as an

approximation of last period’s labor supply. Unemployment insurance is then equal to

Kit (Vt,Zig, € p, bip) = min (ue*tn (vg,zjy, €4 = 0,bi) , ). )



Unemployment insurance is of limited duration. Each period, an unemployed household has a stochastic
probability ¢ of losing its unemployment insurance. Unemployed households no longer receiving unem-
ployment insurance receive a minimal transfer payment that is sufficient to prevent default, but cannot
receive Ul again during the current unemployment spell.

Combining earnings and unemployment insurance, total household income is
1—
Yie = A(Oimip) © + i (10)

Asset markets are incomplete and there is no capital in the model, but households can smooth con-
sumption using one-period bonds b; ; available in fixed net supply B. The household budget constraint is
then

bi 1

Gyt == A (0; i) T+ Kip + by, (11)

where 7;; is the gross interest rate from period ¢ to t + 1.

For simplicity, households are assumed to face a fixed exogenous borrowing constraint,
biy > bVi, t, (12)

that applies to both the low and the high uncertainty states. Clearly, a change in the level of idiosyncratic
income risk has strong implications for credit availability. I address the effects of time-varying income risk
in an Eaton and Gersovitz (1981) framework with defaultable debt in a related paper (Mericle 2012), but
keep the borrowing constraint fixed here to isolate the effects of income risk from those of credit shocks,
discussed by Eggertsson and Krugman (2011) and Guerrieri and Lorenzoni (2011).
The household value function can now be written
o (1—m)t "

V (vt,zi4,€4,bip) = max + N
’ ’ ’ Ci,f,ni,t,b[+1 1 - r}/C 1 - ,Yn

+ BE+V (Vi41, Zi 41, i 441, bits1) (13)

subject to (11) and (12). The Euler equation is then

¢ > priEs (c;tl ) (14)

with inequality only when (12) is binding. In periods when they are employed, households make the

optimal labor-leisure trade-off

n

T =NQ1-n)". (15)

(1-1) AG},;Tni,t



The household labor supply function 1 (vy, 4, € 4, b; 1) and consumption function

c (vt,zit, €1, bi ) then yield a policy function for tomorrow’s bond holdings b; ;y1, b (vt, zit, € 1, bit)-

Government The government has three fiscal instruments, the replacement rate on unemployment insur-
ance u, the expected duration of benefits 1/, and the progressivity of taxation 7. These two instruments
can be thought of as principally targeting the level of transitory and persistent income risk, respectively.

Government revenues consist solely of labor income taxes. Government spending includes three com-
ponents: exogenous government consumption G, unemployment insurance payments, and interest pay-
ments on aggregate outstanding debt B. Government consumption does not enter into the utility function,
but is included to induce realism in the marginal effect of distortionary taxation by roughly matching the
level of the tax burden. The government’s budget is balanced in every period,

[ -rhiai=c+ [riv (1-0)5 (16)

Tt

by setting the parameter A to equate revenues and spending. I consider policy experiments later in which
the parameters 7 and u are allowed to vary with v;, but the budget must be balanced in each uncertainty
state.

The restriction of policy choices to balanced-budget outcomes is deliberate. In reality, increased unem-
ployment insurance and transfer payments are often deficit financed in recessions. The primary reason for
this modeling choice is again to isolate the effect of the social insurance policy by distinguishing it from the
effect of government spending at the zero bound, on which there is a large literature.> In addition, the lit-
erature on monetary policy in a liquidity trap centers on the commitment problem familiar since Krugman
(1998). The issue of commitment looms equally large in considering fiscal responses, such as credibly-
temporary stimulus spending. In our case, the emphasis on social insurance highlights the fiscal role in
reducing future idiosyncratic risk, and a policy rule specifying indefinite debt-financed social insurance

might create concern about sovereign debt risk, which is beyond the scope of this model.®

Equilibrium with regime-switching Inow define what is meant here by an equilibrium in the context of
a regime-switching model. The model never reaches a stationary state in the usual sense because of the
regime-switching feature. That is, because the uncertainty state is an aggregate variable that applies to
all households in any given period, it is not meaningful to think of a stationary distribution of households

across uncertainty states. Instead, I define the low- and high-uncertainty stationary states corresponding to

5See, for example, Eggertsson (2006, 2009), Christiano, Eichenbaum, and Rebelo (2009), Cogan, Cwik, Taylor, and Wieland (2010),
or the White House’s official estimates in Romer and Bernstein (2009).
®Related to this, Baker, Bloom, and Davis (2011) studies the effect of recent policy uncertainty on aggregate outcomes.



v = 0and v = 1 as the household joint distributions H (z, ¢, b) and H; (z, ¢, b) reached when the economy
has been in the low- (high-) uncertainty state for a sufficiently long time that the distribution is no longer
changing.” An equilibrium, then, is a pair of low- and high-uncertainty stationary states. This implies that
while the household policy rules reflect the possibility of transitioning between uncertainty states, they are
only approximations in the sense that they ignore the transition dynamics between stationary states. In
other words, households act as if a switch in regime leads immediately to the other stationary state. A
more thorough discussion of the solution method is provided in the appendix.

More precisely, an equilibrium consists of a pair of interest rates (rg,r1), household policy functions
n(v,zi,¢€,b;),c(v,z;,¢€,b;),and b (v, z;, €, b;), a set of government policy parameters
(Ao, A1, To, T1, o, U1, §o, C1 ), and joint distributions of household characteristics Hy (z,¢,b) and H; (z,¢,b)

such that the following conditions hold.

1. Household optimization. Household decision rules n (v, z;, ¢;,b;), ¢ (v, z;, €, b;), and b (v, z;, €;, b;) maxi-

mize (13) subject to (11) and (12) taking prices and government policies as given.

2. Bond market clearing. Total demand for bonds is equal to the fixed aggregate supply, [ b (v,z;, €, b;) di =
B, forboth v; = 0and v; = 1.

3. Balanced government budget. The government policy set (Ao, A1, To, T1, o, U1, (o, (1) satisfies the bal-

anced budget constraint (16) for both Hy (z,¢,b) and H; (z,¢,b).

4. Conditional stationarity of the joint distributions of household characteristics. Define I' as the law of
motion of the joint distribution of household characteristics H (z, ¢, b) that results from the exoge-
nous processes (1), (3), and (4), and the household policy rules n (v, z;, €, b;), ¢ (v,z;,¢€;,b;), and

b (v,z;,¢€;,b;). Then the stationary state household distributions must satisfy

Ho(z,6,b) = T(v=0,Ho(z¢D)) (17)

Hi(z,e,b) = T(v=1Hi(z¢Db)).

That is, Hy is the low-uncertainty state stationary joint distribution if a population starting at H at

time ¢ remains unchanged after experiencing shock vy = 0, and likewise for H;.

This equilibrium concept of two mutually consistent stationary states defined by the limiting distrib-
utions has the advantage that the possibility of the shock is known. The policy rules in the two states

differ to the extent that households discount the future and that the probability of transitioning to the other

7In a similar framework, Mehrling (1998) also uses the limiting distribution to define the distribution corresponding to a particular
aggregate state.



state is small. Admittedly, considering the stationary distributions might seem odd in that the economy
is unlikely to reach either limiting distribution, and abstracting from the transition between states in the
equilibrium rules is a further simplification. However, this method is perhaps more plausible than the
usual alternative framework in which an equilibrium economy is hit by an entirely unforeseen shock, and
a new permanent state of the world follows. An alternative solution method could follow Krusell and
Smith (1998), but the complexity of the model suggests that the forecasting rules would require more terms
than usual, including interactions with the zero bound, and the need to impose market clearing in every
period of that algorithm’s simulation step using Young (2010)’s method further suggests that this would be

computationally infeasible.

1.2.2 The zero lower bound

Inow consider the model with a zero lower bound. To motivate the liquidity trap, I must also add nominal
rigidities to the model to prevent the price level from immediately adjusting to deliver the market-clearing
real interest rate. I follow Krugman (1998) and Guerrieri and Lorenzoni (2011) in assuming a fixed price
level, Pt = P;_4, so that the real and nominal rates are the same in what follows. These simplifications
are necessary to make the model computationally tractable; without fixing the price level in a model with
heterogeneous agents, we would have to search for multiple prices to satisfy multiple market-clearing

conditions simultaneously.

Firms Firms are added to the model to motivate price level rigidity. As in the standard new Keynesian
setup, production consists of perfectly competitive final goods firms and a unit continuum of monopolisti-
cally competitive intermediate goods firms indexed by j whose profits are rebated lump sum to households.

Final goods firms combine intermediates Y; (j) into a final consumption good Y; using a Dixit-Stiglitz tech-

91 91
nology, Y; = ( fol Y: () ¢ d]> ,¢ > 1. Profit-maximization by final goods producers results in demand

for intermediate j:

Y (j) = <”;@>¢ Y, (18)

1
where p; (j) is the price of intermediate j and P is the price of the final good, Py = ( fol pe( j)l_‘P d]) -
Intermediate goods firms use the same linear production function as before, Y; (j) = 0: (j) n¢ (j), where

0: (j) is interpreted as a weighted average of the individual productivities of firm j's workers, and pay

8Some justification for imposing the assumption of a flat price level in the context of a zero bound model comes from Meier (2010),
who finds that disinflation during a diverse group of "persistent large output gaps" tends to fall off to low positive rates of inflation.
The Bureau of Labor Statistics core inflation series (Consumer Price Index for All Urban Consumers: All Items Less Food & Energy)
shows a similarly low but non-negative rate for the US during the current recession.



households a wage w; per unit of productivity-augmented labor. Profit maximization,

() = max pi () Ye (j) —weYe (7)), (19)

leads firms to set price p; (j) = %wt, so that under the fixed price assumption, aggregate profits as a
share of total output equals %Yt. Following the standard assumption, firm profits are rebated lump sum
to households. However, evenly distributing firm profits to all households is unrealistic, and this rebate
— effectively a linear income tax redistributed as a lump-sum payment — interferes quantitatively with the
calibration of household income risk. I therefore assume that the profit share of output is negligible. This
can be justified by assuming either that intermediates are nearly perfect substitutes so that price p; (j) is
negligibly greater than w;, that the government taxes nearly 100% of firm profits and rebates them as a
linear earned income tax credit prior to applying the labor income tax described earlier, or that firms are

workers’ cooperatives that likewise distribute profits in linear proportion to wage income.

Adjustment at the zero lower bound I now consider the mechanism by which output adjusts at the zero
lower bound and the labor market implications for households. I consider both the standard and an
alternative approach, and consider the implications of each for the magnitude of the output drop. A richer
discussion of the labor market consequences of a drop in output at the zero bound is provided by Hall
(2011).

In the simple Bewley (1977) model without nominal rigidities, market clearing is achieved by searching
for the interest rate r that clears the bond market and therefore the goods market as well. However, as
will be seen below, the high-uncertainty shock causes the market-clearing interest rate to fall well below
the zero bound (the gross rate falls below 1). This cannot happen when r is constrained by the zero lower
bound and prices are sticky. At r = 1, household demand for bonds exceeds the fixed aggregate supply.
This disequilibrium in the bond market implies that households wish to produce more output than they
wish to consume. For markets to clear, output must adjust downward instead. I consider two methods of
modeling the drop in output. The first method follows the representative agent zero lower bound literature
and Guerrieri and Lorenzoni (2011) in a heterogeneous agent environment in introducing an endogenous
labor wedge that translates the drop in demand into a reduction in the wage, and then searches for the
market-clearing path of wages {w;} over the transition. This method follows in spirit Gali, Gertler, and
Lopez-Salido (2007), who show that the labor wedge can be used to measure the costs of business cycle
fluctuations. The second method assumes that wages are also rigid. Firms facing reduced demand must

instead adjust their output by reducing employment.

10



Following a high uncertainty shock, each firm'’s price p;11 (j) = p: (j) remains fixed by assumption

but demand for the final good falls from Y; to Yi11 = / c(Vitr1 = 1,Zip41,€ 441, bip1) di. Because prices

are fixed, firms now produce Y11 (j) = (ptT(tj)) - Y; 1. How they adjust depends on whether wages are

assumed to be flexible or nominally rigid.

Adjustment through a fall in wages In the first case, wages are assumed to be flexible. Firm j now

faces profit-maximizing condition

i (j) = g}l?;)( Pt () Yir () — w10 11m1 (20)
t

and seeks to produce the level of output implied by the fixed price level as cheaply as possible. The dise-
quilibrium in the goods market caused by the zero bound and price rigidity implies that households wish
to supply more labor than is necessary to satisfy demand. As a result, firms are able to bid down wages
to w*, the wage at which labor supply equals labor demand. Aggregate firm profits are now necessarily
non-trivial and a lump sum payment of (P;;1 — w*) Y} is rebated to each household. The endogenous
labor wedge reduces households’ desire to work and equilibriates the goods market at a lower level of out-
put. The wage takes the place of the interest rate in achieving market-clearing. Consequently, a solution
to the model is now found by first searching for the path of interest rates {r;} that clears the market, and
then searching for an additional path of wages {w;} where w; < 4’le in any period t in which excess bond
demand remains at 7y = 1. That is, we search for the market-clearing wage only if the zero lower bound
prevents the interest rate from clearing the bond market.

The introduction of an endogenous labor wedge is standard in the literature, but it has strong and po-
tentially misleading implications that are highlighted by this model’s emphasis on idiosyncratic risk. A
reduction in labor supply achieved through a shared reduction in wages implies that the output costs of
the recession are shared evenly across all (employed) households. Each unit of effective labor now earns a
wage less than 1, but there is no increase in idiosyncratic risk implied by the drop in output. This misses
a potentially quantitatively important feedback mechanism between idiosyncratic risk and aggregate de-
mand: a drop in output at the zero bound might increase idiosyncratic risk through higher unemployment,
which in turns reinforces precautionary motives and further reduces output in a demand-constrained zero
bound economy. In fact, not only does the use of an endogenous labor wedge mean that the output drop
does not amplify idiosyncratic risk, but the standard assumption that profits are rebated lump-sum to
households implies a reduction in idiosyncratic risk. As noted earlier, in a simple bond economy, profits

serve as income redistribution financed by a linear labor income tax. While adjustment is usually achieved
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with a modest level of profit, the profit rebate is quite large relative to the incomes of poor households. As
a result, adjustment to reduced demand through an endogenous labor wedge implies that the recession is
associated with a reduction in idiosyncratic risk. This is an odd way to think about the labor market during
recessions and potentially distorts quantitative estimates of both the size of the drop in output following a

demand shock and of the efficacy of social insurance policies that target idiosyncratic risk.

Adjustment through a rise in unemployment In the second case, wages are assumed to be rigid,
wi41 = wi. Because both unit prices and costs are fixed and firms earn epsilon profit per unit produced,
firms choose the labor input ;1 (j) necessary to satisfy the new level of demand Y;;1 (j). The gap between
the aggregate labor households would like to supply at the old wage and firms’ aggregate labor demand
now appears as an increase in unemployment; that is, the goods market now equilibriates by preventing
some households from working. To solve the model when adjustment at the zero bound occurs through
unemployment, I search for either the path of unemployment entry rates {u"} or exit rates {u?*'} con-
sistent with market clearing. As in the labor wedge case, I first allow the interest rate to clear the market
and only search for the market-clearing unemployment transition probabilities when a surplus demand for
bonds remains when the zero bound is binding. In either case, I adjust only the entry or the exit rate and
leave the other fixed at the low-uncertainty state value. The aggregate demand for bonds falls to clear the
market because unemployed households have greatly reduced savings demand.

Adjustment through an increase in unemployment entry rates implies an increase in the incidence of
unemployment spells of unchanged expected duration. Adjustment through unemployment exit rates
implies that households have the same likelihood as before of entering unemployment, but that unemploy-
ment spells are now expected to last longer. How unemployment rises during recessions remains under
debate. Hall (2005) and Shimer (2007) find that unemployment rises almost entirely through a reduction in
the unemployment exit probability, while Fujita and Ramey (2008) find that the separation rate (entry into
unemployment) accounts for up to half of the cyclical fluctuation. To illustrate clearly the implications of
each, I consider adjustment mechanisms in which the output drop is translated entirely into increases in
the entry rate or decreases in the exit rate, respectively.

I therefore consider three models in addition to the flexible case: adjustment through wages (an en-
dogenous labor wedge), adjustment through the unemployment entry rate, and adjustment through the
unemployment exit rate. The difference between adjustment through wages and adjustment through un-
employment emphasizes the effect of the fall in output on idiosyncratic risk. The first approach is as-
sociated with a uniform drop in the level of income that affects all employed households, but no further

increase in idiosyncratic risk. The second approach imposes the entire cost of the output drop on unem-
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ployed households, and imposes no reduction in wages on the employed. The third approach further
concentrates idiosyncratic risk: when increased unemployment is achieved by reducing the exit rate, its
costs fall on a limited group of long-term unemployed. As will be seen below in the discussion of the
results of the calibrated model, the output costs of the initial demand shock are considerably greater when

market clearing is achieved in a manner that amplifies the initial rise in idiosyncratic risk.

1.3 Calibration

The main innovation in the model is the inclusion of time-varying risk in idiosyncratic labor productiv-
ity. The parameters of this process are taken from Storesletten, Telmer, and Yaron (2004), who estimate a
similar regime-changing income process using data from the Panel Study of Income Dynamics. I convert
to quarterly values their annual estimates of p = 0.95, UZW =012, O'Zl- o = 0.21 and ¢* = 0.25. Because
their criterion for dividing periods — whether GNP growth was below or above average — includes some
mild years in the recession category, I use this set of estimates as the "conservative" parameterization of the
income process. I use those parameters to extrapolate a second set of more "extreme" high-state parameters
intended to represent the current recession. It is of course too early to estimate the parameters of the income
process for the last couple years. As a crude approximation, I first compute the ratio of two ratios: the ratio
of the average civilian unemployment rate in their recessions to that in their expansions, relative to the ratio
of parameter estimates O'Zi oh / (T?ow. I use this ratio combined with the ratio of the average unemployment
rate in the current recession to that in their average recession to settle on a scaling up of 1/3.

The probabilities of job separation and job finding are set as quarterly adjustments of the monthly val-
ues of 0.034 and 0.45 reported in Shimer (2005). The implied unemployment level is meant to represent
that arising from labor market frictions, so that any cyclical unemployment imposed by adjustment at the
zero bound is additional. I set the unemployment insurance replacement rate u = 0.3, with a maximum
unemployment benefit 7 of 60% of the median realized income. Both parameters vary considerably across
US states, and these are slightly on the higher end of state averages. I set non-leisure hours for unem-
ployed workers nt = 0.043 to match Krueger and Mueller (2010)’s estimate of the 41 minutes the average
unemployed worker spends looking for new employment, converted to a share of waking hours. As ex-
plained earlier, unemployment is modeled as a transitory shock so that a household’s employment status
has no effect on the evolution of the permanent component of income. While also a subject of debate, this
assumption is in accordance with BLS data on workers’ earnings following unemployment spells relative

to their pre-unemployment wage, which show that slightly more than half of workers in the pre-recession

13



period found new employment at a higher wage.” The probability of losing unemployment insurance
while unemployed ( is set to 0.5 in the baseline version, matching the pre-recession environment in which
unemployment benefits extended for two quarters. In the policy experiments below, { is changed so that
the expected duration of benefits is in line with recent policy changes.

The other parameters of the model are calibrated according to standard estimates or to match the pre-
recession environment of the US. Iset 7 = 2 and 7" = 1.50, which yields a realized Frisch elasticity
of labor supply for a median-income household with the median wealth level roughly in keeping with
estimates in Chetty, Guren, Manoli, and Weber (2011). The final parameter in the utility function, N, is
set to 1 so that households work about half of their waking hours. The borrowing limit b = —0.75 is set
following the value in Chang and Kim (2006) and is the same for all households. Following Guerrieri
and Lorenzoni (2011), I set aggregate debt B in the economy to 170% of the model’s realized GDP based
on their estimate using Federal Reserve Flow of Funds data, and I set § = 0.99 (quarterly) to achieve a

low-uncertainty interest rate in the baseline model with an annualized value of about 3%.
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Figure 1.1

The government spending and baseline taxation parameters are also set to match recent levels for the
United States. Government tax receipts G are set to 26% of GDP to capture the size of the tax burden net
of unemployment benefits. The baseline tax progressivity parameter 7 is set to 0.26 following the estimate
in Heathcoate, Storesletten, and Violante (2010). Figure 1.1 illustrates the marginal and average tax rates
implied by these values for the baseline flexible model under the conservative income parameterization
over the range of realized household incomes.

The grid for the transitory shock ¢ has five points corresponding to bad, neutral, and good realizations,

9Worker Displacement News Release. Bureau of Labor Statistics. http:/ /bls.gov/news.release/archives/disp_08202008.htm.
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as well as unemployment and unemployment without unemployment benefits. The bad and good realiza-
tions are placed one standard deviation from the center. The grid for the persistent component z has nine
points spaced according to the Tauchen procedure, but scaled down slightly at the top so that the expected
value of income is identical in the low and high states. The ratio of the lowest income level to the median
income level is set to mirror the ratio of the income of an employed worker earning the federal minimum
wage to the median household income in the United States, about 29%. The bond grid has 250 points,
concentrated where the saving rule exhibits sharper concavity, and extends high enough that fewer than
one in a million households would otherwise exceed that wealth level. The uncertainty process is of course
binary, and I rely on Bloom, Floetotto, and Jaimovich (2010) for estimates of the transition probabilities

between uncertainty states, setting vyy = 0.885 and v, = 1 — 0.047.

1.4 Results
1.4.1 Flexible case

I first consider the model without nominal rigidities and a zero lower bound. Understanding the fully
flexible case helps to clarify household behavior in the low- and high-uncertainty states and the response of
the economy to a high-uncertainty shock. This section uses the conservative income risk parameterization

and the baseline policies described in the calibration section.

Labor supply policy
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Bond accumulation policy
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Figure 1.3

The labor supply policies of low-income, average-income, and high-income households in the low-
uncertainty and high-uncertainty stationary states are shown in Figure 1.2. In this and subsequent figures,

income level refers to the persistent component of productivity, z; the chosen low and high levels are just
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above and below the extremes of the grid. Data is taken from the corresponding policy rule with ¢ = 0.
Middle-income households, whose incomes are equally likely to rise or fall, supply slightly more labor
in the high uncertainty state. This parallels what Basu and Bundick (2011) calls "precautionary labor" in
the face of increased uncertainty, an analogue of precautionary saving. The richest households increase
labor supply even more, while the poorest households reduce labor supply when uncertainty rises. This is
an unfortunate artifact of discretization of the income process — households already at the extremes of the
income distribution can only move in one direction. I discuss the drawbacks of these implications at the
end of the paper.

Figure 1.3 plots bond accumulation or decumulation, b (v, z,€,b) — b, because the policy function itself
is too linear for visual inspection. Households with low to medium wealth choose to accumulate at a
higher rate in the high- than in the low-uncertainty state as a result of heightened precautionary motives.
Because the asset is available in fixed net supply, their increased savings must be matched by reduced
holdings of bonds by high-wealth households, who decumulate because of the reduced interest rate. The
curves intersect at the wealth level where the effect of the lower interest rate overtakes that of the sharpened

precautionary motive.
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The reduction in the dispersion of bond holdings is shown in Figure 1.4, a Huggett (1993)-type plot
of the share of the aggregate bond supply in the hands of households at or below a given level of bond
holdings. The red curve representing the high uncertainty state is above the blue curve, indicating that the
distribution of household bond holdings is more equal in the high uncertainty state, or equivalently that
wealth is more dispersed in the low uncertainty state. Indeed, median bond holdings more than double

from the low- to the high-uncertainty state. In addition to the precautionary channel, the distribution of
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bond holdings is also affected by the income dispersion. An increase in the variance of labor productivity
causes both an increase in labor income risk and a widening of the distribution of individual productivi-
ties. Households are more likely to reach extreme incomes, but less likely to stay there. The importance
of the precautionary motive can be confirmed by checking that the aggregate bond demand of a popula-
tion characterized by either state’s stationary productivity distribution is greater under high- than under
low-uncertainty policy rules derived from a common interest rate. Figure 1.5 shows that aggregate bond
demand at a given interest rate is greater in the high-uncertainty state. (In Figure 1.5 and below, the in-
terest rate is shown in annualized terms.) Because bonds are in fixed supply across states in the baseline
calibration, the market-clearing interest rate in the low-uncertainty stationary state is higher than the high-
uncertainty rate. The graph indicates that as the aggregate supply of bonds — which can be thought of as a
vertical line on the graph — increases, the gap between the market-clearing rates in the two states narrows.

A later section considers a policy experiment motivated by that observation.
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Figure 1.6. Response to a high uncertainty shock.

Figure 1.6 shows the impact of a high-uncertainty shock on an economy originally in the low-uncertainty
stationary state. The interest rate drops immediately from the low-uncertainty stationary level of 2.83% as
a result of the sudden increase in income risk. Initially, the distribution of bond holdings is too dispersed
and households with low savings seek to accumulate bonds to adapt to the higher-risk environment. As
in Guerrieri and Lorenzoni (2011), this demand for bonds causes the interest rate to overshoot the new
lower level. The red line shows the dispersion of bond wealth as it falls from the initial low-uncertainty
level. As the dispersion falls, the downward pressure on the interest rate subsides and the interest rate
levels off at the high-uncertainty stationary level. This dip and gradual rise clarifies the intuition behind

the limited duration of the liquidity trap and endogenous exit from the trap, for certain calibrations. In
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the immediate aftermath of the shock, however, the interest rate continues to fall for some time. This
results from the rapid rise in the variance of household productivities, which initially dominates the effect
of the falling bond dispersion. The population variance of households productivities, the black line in
Figure 1.6, is initially low. Because bond accumulation is a convex function of labor productivity z, the
quick dispersion of the productivity distribution tends to push the interest rate down as a larger share of
households reach high incomes. When this productivity dispersion process ends, the wealth concentration
effect drives interest rate dynamics.

Output expands in the first phase of the transition and eventually settles at a slightly higher level. This
is achieved with a slightly lower aggregate labor supply because increased labor income volatility enables
households to direct more of their labor effort to periods when they are highly productive. However,
this effect is quantitatively modest and balanced by the increased desire of low-wealth households (who
are more likely to also be low-income households) to work more. Output is temporarily high because
in aggregate, the effect of the increase in labor supply is stronger than the dampening 