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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.

iii



iv 
 

Contents 

 

Abstract  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

 

1.  Uncertainty, the Liquidity Trap and Social Insurance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.1   Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.2   Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.2.1   The basic model with time‐varying risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.2.2   The zero lower bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.3   Calibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.4   Results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.4.1   Flexible case  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.4.2   The zero lower bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.4.3   Policy experiments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.4.4   Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.5 Numerical solution method  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.5.1   Stationary states . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.5.2   Transition dynamics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

2.  The Credit Market Effects of the Home Mortgage Interest Deduction . . . . . . . . . . . . . . . . . . . . . . . . 

2.1   Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.2   Simple model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.2.1   Basic model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.2.2   Redistribution model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.3   Assumptions check  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.3.1   The HMID is large in size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.3.2   Credit access is restricted in bankruptcy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.4   Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.4.1   Model 1: Endogenous borrowing constraint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.4.2   Model 2: Variable interest rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.4.3   Equilibrium  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.5   Numerical solution  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.5.1   Calibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.6   Results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.6.1   Baseline results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.6.2   Tax incidence by age and income  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.6.3   Welfare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.7   Suggestive empirics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.7.1   Credit limits and home prices  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.7.2   Bankruptcy and taxes: time and cross section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.8   Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

 

 

 

iii

 

vi

 1

1

3

4

9

13

15

15

18

20

25

27

27

30

32

34

34

36

36

37

40

40

40

43

46

46

46

47

48

49

49

51

53

55

55

57

59



 

v 
 

3.  Uncertainty and the Geography of the Great Recession . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.1   Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.2   Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.2.1   Media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.2.2   Internet searches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2.3   State budgets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2.4   Misleading indicators  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.2.5   State credit ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.2.6   Uncertainty summarized  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.2.7   Horse race? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.3   Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

61

61

62

62

63

64

68

69

70

73

74

75 

 

 

 



ACKNOWLEDGMENTS

I am grateful to my thesis committee, Professors N. Gregory Mankiw, Emmanuel Farhi and David

Laibson, and to all of the participants in the Harvard macroeconomics seminar.

I thank Harvard University and the National Science Foundation for financial support.

vi



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.3 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.
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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
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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.
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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, υt = 0, and high

uncertainty state, υt = 1, according to the transition probabilities

P (υt+1 = 1|υt = 1) = υHH

P (υt+1 = 0|υt = 0) = υLL. (1)

Uncertainty here refers to the variance of the innovations to the idiosyncratic household productivity

process. Household i’s productivity θi,t, measured as efficiency units of labor, has a persistent component

zi,t and transitory component εi,t. The log of productivity evolves as

log θi,t = zi,t + εi,t (2)

zi,t = ρzi,t−1 + ηi,t, (3)

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

εi,t ∼ N
(

0, (1− υt) σ2
εlow
+ υtσ

2
εhigh

)
(4)

ηi,t ∼ N
(

0, (1− υt) σ2
ηlow

+ υtσ
2
ηhigh

)
(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.4

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

u (ci,t, ni,t) =

 c1−γc

i,t

1− γc + N
(1− ni,t)

1−γn

1− γn

 , (6)

where ci,t is consumption and ni,t is labor supply. Households have 1 unit of time each period, which they

divide between labor and leisure.

Each household has idiosyncratic productivity θi,t, defined as efficiency units of labor, which evolves as

described in (2). Households also fall into unemployment, εi,t = −∞, with likelihood,

P (εi,t+1 = −∞|εi,t 6= −∞) = ϕin

P (εi,t+1 6= −∞|εi,t = −∞) = ϕout. (7)

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− nU , where nU parameterizes the amount of time spent searching for work

while unemployed.

Employed households choose labor supply ni,t. Output is a linear function of efficiency units of labor,

so that pre-tax earnings are equal to θi,tni,t. As in Heathcoate, Storesletten, Violante (2010), employed

households pay a distortionary labor income tax,

Ti,t = θi,tni,t − λ (θi,tni,t)
1−τ , (8)

where τ parameterizes the progressivity of taxation and λ the level. Total after-tax income is then

λ (θi,tni,t)
1−τ .

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 υt with identical values of persistent income

zi,t and savings bi,t, but with transitory shock εi,t = 0. This "counterfactual" labor supply serves as an

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

κi,t (υt, zi,t, εi,t, bi,t) = min (uezi,t n (υt, zi,t, εi,t = 0, bi,t) , u) . (9)
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Unemployment insurance is of limited duration. Each period, an unemployed household has a stochastic

probability ζ 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 UI again during the current unemployment spell.

Combining earnings and unemployment insurance, total household income is

yi,t = λ (θi,tni,t)
1−τ + κi,t. (10)

Asset markets are incomplete and there is no capital in the model, but households can smooth con-

sumption using one-period bonds bi,t available in fixed net supply B. The household budget constraint is

then

ci,t +
bi,t+1

rt
= λ (θi,tni,t)

1−τ + κi,t + bi,t, (11)

where ri,t is the gross interest rate from period t to t+ 1.

For simplicity, households are assumed to face a fixed exogenous borrowing constraint,

bi,t ≥ b∀i, 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

V (υt, zi,t, εi,t, bi,t) = max
ci,t ,ni,t ,bt+1

c1−γc

i,t

1− γc + N
(1− ni,t)

1−γn

1− γn + βEtV (υt+1, zi,t+1, εi,t+1, bi,t+1) , (13)

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

c−γc

i,t ≥ βrtEt

(
c−γc

i,t+1

)
, (14)

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

optimal labor-leisure trade-off

(1− τ) λθ1−τ
i,t n−τ

i,t c−γc
= N (1− n)−γn

. (15)
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The household labor supply function n (υt, zi,t, εi,t, bi,t) and consumption function

c (υt, zi,t, εi,t, bi,t) then yield a policy function for tomorrow’s bond holdings bi,t+1, b (υt, zi,t, εi,t, bi,t).

Government The government has three fiscal instruments, the replacement rate on unemployment insur-

ance u, the expected duration of benefits 1/ζ, and the progressivity of taxation τ. 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,

∫
yi,t − λy1−τ

i,t di = G+
∫

κi,tdi+
(

1− 1
rt

)
B, (16)

by setting the parameter λ to equate revenues and spending. I consider policy experiments later in which

the parameters τ and u are allowed to vary with υt, 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.5 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.6

Equilibrium with regime-switching I now 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).
6Related to this, Baker, Bloom, and Davis (2011) studies the effect of recent policy uncertainty on aggregate outcomes.

7



υ = 0 and υ = 1 as the household joint distributions H0 (z, ε, b) and H1 (z, ε, 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.7 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 (r0, r1), household policy functions

n (υ, zi, εi, bi), c (υ, zi, εi, bi), and b (υ, zi, εi, bi), a set of government policy parameters

(λ0, λ1, τ0, τ1, u0, u1, ζ0, ζ1), and joint distributions of household characteristics H0 (z, ε, b) and H1 (z, ε, b)

such that the following conditions hold.

1. Household optimization. Household decision rules n (υ, zi, εi, bi), c (υ, zi, εi, bi), and b (υ, zi, εi, bi) 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 (υ, zi, εi, bi) di =

B, for both υt = 0 and υt = 1.

3. Balanced government budget. The government policy set (λ0, λ1, τ0, τ1, u0, u1, ζ0, ζ1) satisfies the bal-

anced budget constraint (16) for bothH0 (z, ε, b) andH1 (z, ε, b).

4. Conditional stationarity of the joint distributions of household characteristics. Define Γ as the law of

motion of the joint distribution of household characteristics H (z, ε, b) that results from the exoge-

nous processes (1), (3), and (4), and the household policy rules n (υ, zi, εi, bi), c (υ, zi, εi, bi), and

b (υ, zi, εi, bi). Then the stationary state household distributions must satisfy

H0 (z, ε, b) = Γ (υ = 0,H0 (z, ε, b)) (17)

H1 (z, ε, b) = Γ (υ = 1,H1 (z, ε, b)) .

That is, H0 is the low-uncertainty state stationary joint distribution if a population starting at H0 at

time t remains unchanged after experiencing shock υt+1 = 0, and likewise forH1.

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.
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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

I now 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 = Pt−1, 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.8

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 Yt (j) into a final consumption good Yt using a Dixit-Stiglitz tech-

nology, Yt ≡
(∫ 1

0 Yt (j)
φ−1

φ dj
) φ

φ−1
, φ > 1. Profit-maximization by final goods producers results in demand

for intermediate j:

Yt (j) =
(

pt (j)
Pt

)−φ

Yt, (18)

where pt (j) is the price of intermediate j and Pt is the price of the final good, Pt ≡
(∫ 1

0 pt (j)
1−φ dj

) 1
1−φ .

Intermediate goods firms use the same linear production function as before, Yt (j) = θt (j) nt (j), where

θt (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.
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households a wage wt per unit of productivity-augmented labor. Profit maximization,

πt (j) = max
pt(j)

pt (j)Yt (j)− wtYt (j) , (19)

leads firms to set price pt (j) =
φ

φ−1 wt, so that under the fixed price assumption, aggregate profits as a

share of total output equals 1
φ 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 pt (j) is

negligibly greater than wt, 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 {wt} over the transition. This method follows in spirit Galí, Gertler, and

López-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.
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Following a high uncertainty shock, each firm’s price pt+1 (j) = pt (j) remains fixed by assumption

but demand for the final good falls from Yt to Yt+1 =
∫

c (υi,t+1 = 1, zi,t+1, εi,t+1, bi,t+1) di. Because prices

are fixed, firms now produce Yt+1 (j) =
(

pt(j)
Pt

)−φ
Yt+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

πt (j) = max
wt(j)

pt+1 (j)Yt+1 (j)− wt+1θt+1nt+1 (20)

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 (Pt+1 − w∗)Yt+1 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 {rt} that clears the market, and

then searching for an additional path of wages {wt} where wt <
φ−1

φ in any period t in which excess bond

demand remains at rt = 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,

wt+1 = wt. Because both unit prices and costs are fixed and firms earn epsilon profit per unit produced,

firms choose the labor input nt+1 (j) necessary to satisfy the new level of demand Yt+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
{

uin
t
}

or exit rates
{

uout
t
}

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 ρ = 0.95, σ
η
low = 0.12, σ

η
high = 0.21 and σε = 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 σ
η
high/σ

η
low. 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 u 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 nU = 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
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period found new employment at a higher wage.9 The probability of losing unemployment insurance

while unemployed ζ 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, ζ 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. I set γc = 2 and γn = 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 β = 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 τ 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 ε 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 υHH = 0.885 and υLL = 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.
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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 ε = 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 (υ, z, ε, 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 effect of increased

precautionary motives on consumption. Because the interest rate is fully flexible here, the intertemporal

price of consumption today falls and high-wealth households in particular increase spending. In contrast,

in the next section the zero lower bound and price stickiness will make consumption today "too expensive",

preventing the boom.

In contrast to models of forced deleveraging, the transition occurs more slowly here because the reallo-

cation of bond-holdings occurs freely. The figures plot the long-term aftermath of the shock to illustrate the

full transition, but it is probably unrealistic to think of the high-uncertainty state lasting this long. To the

extent that the economy bounces more frequently between the low- and high-uncertainty states, the real-

location of bond holdings will be incomplete and the effect of switching uncertainty regimes will therefore

be less severe.

To test the robustness of the result that the market-clearing interest rate falls below zero during the

transition period, I also compute the stationary states and transition dynamics for γc = 1.25 and b equal to

6 times median income, cases in which households have reduced risk aversion and looser borrowing limits.

In both cases, the high-uncertainty stationary state is characterized by an interest rate above zero, but the

zero bound does bind for part of the transition period, falling to a minimum of roughly 0.997 in each case.

1.4.2 The zero lower bound

I now consider the introduction of nominal rigidities and the zero lower bound. To capture a shock closer

in magnitude to the current recession, I use the extreme income risk parameterization from here forward.
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I first compare adjustment through an endogenous labor wedge with adjustment through increased like-

lihood of entry into unemployment by calculating the stationary state and then finding the transition dy-

namics following a high uncertainty shock. The comparisons in this section use the baseline parameters

from the calibration section.
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Figure 1.7 shows the transition paths following a high uncertainty shock. The frictionless case under

the new extreme income risk calibration is an exaggerated version of the result in Figure 6, but output

falls in both the labor wedge and unemployment cases. The green line shows that adjustment is more

painful in output terms when it occurs through unemployment. This results from the further increase in

precautionary saving demand induced by the adjustment mechanism, which worsens the paradox of thrift.

Figures 1.8 and 1.9 explore the transition dynamics at the zero bound in greater depth. When adjustment

occurs through a labor wedge, the wage level falls by up to 10%, mirroring the path of the interest rate in

Figure 1.6. Output drops from the low-uncertainty stationary state immediately on impact, but the drop in

the wage is considerably larger than the fall in output. When adjustment occurs through unemployment,

shown in Figure 1.9, the initial spike in excess demand for savings causes a jump in unemployment that

partially dissipates. For as long as prices and wages remain fixed, the economy remains in a state of

heightened unemployment. The output drop is considerably worse than in the case of the labor wedge

because households now face increased idiosyncratic risk from two sources: the increased volatility of the

labor productivity process (the high-uncertainty shock) and the heightened risk of unemployment. Figure

1.9 also shows that excess unemployment, the amount by which the unemployed share of the population

exceeds the baseline frictional level in the low-uncertainty state, is roughly 1.5-2 times the size of the output

drop. The response of output is more muted because employed households choose to work more than
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under low uncertainty.
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Figure 1.9

The transition to the high-uncertainty stationary state occurs more gradually in the unemployment

model. The intuition is straightforward: the transition is complete when households have arrived at their

desired high-uncertainty levels of precautionary savings, but households that wish to increase their bond

holdings have very limited ability to do so in periods in which they cannot earn labor income.

1.4.3 Policy experiments

I next compare the effects of various policy interventions and parameter experiments under each adjust-

ment mechanism. I provide a comparison with the effects of these policies in the fully flexible case so that

the effect of the policy in normal circumstances, the purely distortionary effect, can be disentangled from

its impact on mitigating or worsening the output costs unique to the zero bound.

The results of the policy experiments are shown in Table 1.1 and Table 1.2. The first row of Table 1.1

uses the baseline calibration under extreme income risk. Row 2 considers a parameter experiment in which

the unemployment entry and exit probabilities are halved, so that the expected duration of unemployment

doubles, holding constant the unemployment rate. Row 3 shows the results of a large increase in borrowing

limits. Rows 4 and 5 show the effect of increasing the aggregate supply of bonds in the high uncertainty

state. Row 6 considers a policy experiment with a state-varying unemployment replacement rate that is

higher in the high-uncertainty state, and rows 7 and 8 lower and raise the replacement rate across states,

respectively.10 Rows 10-12 perform the same experiment for τ, the progressivity of the income tax. Row 9

10Engen and Gruber (2001) provide evidence of the effect of unemployment insurance on savings through differences in the pro-
grams of US states. They find that the effect of more generous unemployment insurance on household asset accumulation is negative
and highly significant. The effect is modest in dollar terms but increases sharply when unemployment risk is higher.
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considers an expected duration of unemployment benefits of 8 quarters to approximately match the recent

US federal extension of benefits to 99 weeks. In each case, λ adjusts so that the government budget is

always balanced.

The effects of policies should first be compared within columns, each of which corresponds to a particu-

lar model (labor market adjustment mechanism). All values are reported as percentage deviations from the

baseline parameterization of the fully flexible model. The first row shows the output drop in the baseline

case for each model relative to the level in the fully flexible case. For example, when adjustment occurs

through the unemployment entry rate, output is slightly more than 4% lower than in the flexible case. We

can now look down the column to compare the effects of different policies and parameter experiments with

the baseline for the given model.

Table 1.1. Output in high uncertainty stationary state, measured as percentage deviation from

flexible case no-policy baseline.

Flexible Labor Unemp. Unemp.

wedge entry exit

1. Baseline, extreme income risk parameterization 0 -2.38 -4.14 -22.03

2. Twice expected duration of unemployment -0.04 -3.29 N/A N/A

3. b = 6 times median household earnings 0.32 -1.13 -1.82 -2.63

4. 20% increase in B in high state 0.06 -1.91 -3.32

5. 50% increase in B in high state 0.04 -1.40 -2.16 -4.22

6. u = 0.20 in low state, u = 0.40 in high state -0.12 -2.24 -3.59 -21.28

7. u = 0.20 0.15 -2.28 -4.32 -22.44

8. u = 0.40 -0.06 -2.47 -4.02 -21.75

9. ζ = 1
8 (expected UI duration of 8 quarters) -0.04 -2.32 -3.92 -8.30

10. τ = 0.26 ∗ 0.925 in low state, τ = 0.26 ∗ 1.075 in high state -0.89 -1.87 -2.62

11. τ = 0.26 ∗ 0.85 1.34 -1.34 -3.42

12. τ = 0.26 ∗ 1.15 -1.40 -3.50 -5.08

Several results are noteworthy. First, a comparison across columns shows that while adjustment through

increased entry into unemployment leads to a sharper drop in output than adjustment through reduced

wages, the results are dramatically worse when adjustment comes through the unemployment exit rates.

Intuitively, households with moderate savings are less concerned about a modest risk of a brief period of

unemployment, during which they can decumulate bond holdings, than about a smaller risk of prolonged
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unemployment, for which their savings are less adequate. This is a simple consequence of concavity. As

a result, the extreme concentration of risk provokes a much sharper precautionary reduction in demand

and therefore in output. The same result can be seen within a model by comparing rows 1 and 2 of the

labor wedge case, which contrasts the baseline with a doubling of the expected duration of unemployment,

holding constant the total number of unemployed. Figure 1.10 shows the transition path of output for this

comparison.
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Figure 1.10

A second lesson of Table 1.1 is that policies that greatly expand household borrowing limits or the

aggregate supply of bonds are very effective in mitigating the drop in output. These policies reduce risk

by increasing households’ ability to smooth consumption. Note, however, that this result is achieved in the

context of a class of model that does not allow for default.
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A third lesson is that the effectiveness of particular social insurance policies depends on the manner

in which output adjusts at the zero lower bound. Figures 1.11 and 1.12 plot the transition dynamics of

output in the wedge and unemployment entry case for the baseline policy and a policy experiment that

introduces a higher replacement rate in the high- than in the low-uncertainty state. The policy has a larger

effect in the model in which output adjusts through unemployment because that model features greater

unemployment risk. For a social insurance policy to have a substantial quantitative effect on output, it

must reduce precautionary concerns by targeting the type of idiosyncratic risk created by the output drop.

An even starker illustration of this point is provided by row 9. The extension of unemployment benefits has

a very modest effect on output in the labor wedge and unemployment entry models because it is uncommon

for households to remain unemployed for longer than they receive benefits, but it has a very large effect

when unemployment rises through a reduction in exit probabilities. In the current recession, the average

duration of unemployment spells rose to exceed 3 quarters in mid-2011. This is roughly double the longest

average duration ever previously recorded in the US and is a salient characteristic of the current recession.

Similarly, a fourth lesson is that certain social insurance policies become more appealing at the zero

lower bound when they have the additional benefit of restoring output by reducing precautionary savings

demand. Consider, for example, row 10, which shows the effect of a time-varying progressivity of the labor

income tax. The first column shows that this policy is unappealing in a fully flexible model, producing a

reduction in output of 0.89% relative to the baseline. In the labor wedge case, however, the policy increases

output relative to the model’s baseline by about half a percentage point, from a drop of 2.38% to a drop

with the policy of 1.87%. The results are even stronger when the labor market adjusts through entry into

unemployment. This is one of the core implications of the model: there is an added benefit to social
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insurance in a paradox of thrift.

Table 1.2. Welfare in high uncertainty stationary state, measured as percentage deviation

of consumption equivalent from flexible case no-policy baseline.

Flexible Labor Unemp. Unemp.

wedge entry exit

1. Baseline 0 0.20 -0.82 -8.17

2. Twice expected duration of unemployment -0.19 0.18 N/A N/A

3. b = 6 times median quarterly earnings 0.49 0.60 0.08 -0.13

4. 20% increase in B in high state 0.22 -0.03 -0.47

5. 50% increase in B in high state 0.50 0.54 0.03 -0.67

6. u = 0.20 in low state, u = 0.40 in high state 0.02 0.19 -0.63 -7.74

7. u = 0.20 0.01 0.22 -0.90 -8.50

8. u = 0.40 0.04 0.23 -0.70 -7.91

9. ζ = 1
8 (expected UI duration of 8 quarters) 0.01 0.20 -0.74 -2.07

10. τ = 0.26 ∗ 0.925 in low state, τ = 0.26 ∗ 1.075 in high state -0.14 -0.05 -0.48

11. τ = 0.26 ∗ 0.85 -0.45 -0.17 -1.36

12. τ = 0.26 ∗ 1.15 0.39 0.53 -0.34

Table 1.2 presents the welfare effects of the various policy experiments in the high uncertainty sta-

tionary state measured in consumption equivalents. The consumption equivalence ratio between policy

experiments A and B is

CE ratio =


∫∫∫

VA (1, z, ε, b) ∗ HA
1 (z, ε, b) dzdεdb∫∫∫

VB (1, z, ε, b) ∗ HB
1 (z, ε, b) dzdεdb


1

1−γc

Once again, comparing with the first column allows us to decompose the welfare effects of policy inter-

ventions into two components, the distortionary effect of the policy and the effect unique to the zero lower

bound. The second column of Table 1.2 highlights a disadvantage of the labor wedge approach. Despite

the drop in output, welfare is higher in this model. As noted earlier, this is an unrealistic artifact of the

rebating of profits, which effectively turns profits into a form of tax-financed lump-sum social insurance

that considerably improves the welfare of the poor. In the baseline calibration, profits are just over 6% of

output, a substantial increase in income for low-productivity households and the unemployed. Also of

particular note are the large positive welfare effects of loosening borrowing constraints and expanding the
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supply of bonds and the large gains from lengthening the duration of unemployment benefits in the fourth

model.

Table 1.3. Percentage of households at the borrowing constraint or within

10% of it (in parentheses) in the high uncertainty state.

Flexible Labor wedge Unemp. Unemp.

entry exit

Baseline All households 0.02 (0.33) 0.02 (0.34) 0.04 (0.78) 2.34 (4.22)

Unemployed 0.32 (3.86) 0.35 (3.69) 0.30 (5.40) 7.90 (14.15)

ζ = 1
8 All households 0.05 (0.65) 0.05 (0.68) 0.12 (1.56) 0.23 (0.92)

Unemployed 0.87 (7.23) 0.84 (6.29) 1.03 (9.38) 1.38 (5.16)

Table 1.3 compares the number of households at or near the borrowing constraint for the baseline case

and for the policy experiment with extended unemployment benefits. When unemployment is of long

duration (column 4), the share of constrained or nearly-constrained households is significantly higher. The

introduction of the policy sharply reduces the share for whom the constraint binds. In the other models,

the extension of unemployment benefits encourages unemployed households to decumulate savings more

quickly because the probability of being unemployed and running out of benefits is very small with the

policy.

1.4.4 Discussion

The output and welfare consequences of adjustment through unemployment, and especially through the

unemployment exit rate, might appear implausibly strong. Much of the explanation is the assumption that

each household faces equal transition probabilities into and out of unemployment, so that strong precau-

tionary motives are widely shared. In reality, Sum and Khatiwada (2010) shows that unemployment is

dramatically higher among the poor, and unemployment rates for those with high past income and high

levels of education have been considerably more modest in the current recession. That the cyclical com-

ponent of unemployment tends to be concentrated among the young, poor, and less educated also helps

explain a seemingly counterfactual implication noted above, namely, that households already at or near

the bottom of the productivity distribution benefit from increased income risk. In actual recessions, these

households are usually at the greatest risk of transitioning into unemployment. Empirically, in the US

economy unemployment is heavily concentrated both the poor and certain demographic groups, including

the young and some racial minorities. To the extent that these factors are absent from the model, the re-
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sults might overstate the strength of precautionary motives in large demographic groups that are relatively

insulated from unemployment shocks.

In contrast, the costs of the zero bound when adjustment occurs through an endogenous labor wedge

seem too modest. Clearly the implication that wages are flexible while prices are not is counterfactual, and

more importantly here, it is clearly not true that the costs of the reduction in output are shared equally by

all employed workers.

Nevertheless, the more modest costs at the zero bound associated with adjustment through wages might

lend support to another class of policy akin to the German Kurzarbeit program of reduced working hours

or work-sharing. Such policies reduce the additional idiosyncratic risk created by the drop in output

and consequently alleviate the drop in demand arising from precautionary motives. In countries with

such policies, the labor wedge model perhaps provides a better approximation of the costs of the zero

bound. It is also worth noting that such "working-sharing" policies reduce risk without acting through

wage reductions, which in richer models such as Eggertsson (2010) and Eggertsson (2009) are likely to be

translated into deflation that worsens the zero bound problem by raising real rates.

Finally, while social insurance policies such as extended unemployment benefits can help to alleviate

the paradox of thrift, we might worry that they are deeply distortionary. How troubling is this concern?

As Landais, Michaillat, and Saez (2011) suggest, the answer is likely not very. They construct a search-and-

matching model in which aggregate shocks and wage rigidites lead to job rationing in recessions. They

show that because the return to job-search effort is modest when jobs are limited, the job-search distorting

costs of unemployment insurance are correspondingly modest in recessions. A similar result would hold

in a richer search-and-matching model of a demand-constrained economy with rigid wages. A higher

rate of exit from unemployment due to increased job-search effort must be balanced by increased entry

as long as excess savings demand remains at the zero bound. There are two additional reasons why the

distortionary costs of social insurance are modest in the model. First, at the modest replacement rate of

about 30% of income, concavity implies that the drop in income to to a share u of a household’s optimal

labor income is extreme in utility terms relative to the additional leisure above the optimal choice. Second,

when unemployment duration is high, it is especially unlikely that households will choose to risk unem-

ployment. Voluntarily spending down accumulated savings for a short period is only a sensible strategy

when unemployment is not expected to last long. I verify that the distortionary effects are small by check-

ing whether households would ever choose to feign unemployment. A household at state (υi, zi,t, εi,t, bi,t)

would voluntarily enter a state of unemployment if it were true that

V (υi, zi,t,−∞, bi,t) > V (υi, zi,t, εi,t, bi,t) . (21)
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This does not hold for any (υi, zi,t, εi,t, bi,t) in any of the parameterizations, including the policy experiment

in which u is increased or benefit duration is extended. Intuitively, the reason households never voluntarily

enter the unemployment state is that the drop in income to a share u of a household’s optimal labor income

is extreme relative to the modest gains in utility from leisure above the optimal choice.

1.5 Numerical solution method

1.5.1 Stationary states

As described in the definition of the regime-switching equilibrium concept above, finding an equilibrium

consists of finding two mutually consistent stationary states, one corresponding to the low uncertainty

state, υ = 0, and one to the high uncertainty state, υ = 1. The equilibrium therefore requires solving for

four elements: (1) a pair of interest rates (r0, r1), (2) household policy functions n (υ, z, ε, b), c (υ, z, ε, b), and

b (υ, z, ε, b) with decision rules for both states that recognize the possibility of transition between states, (3)

a pair of tax levels (λ0, λ1) that balance the government budget given (τ0, τ1, u0, u1), and (4) a pair of joint

distributions of household characteristicsH0 (z, ε, b) andH1 (z, ε, b).

I solve the model in the following steps:

1. Calculate the transition matrix P over the exogenous state variables (υ, z, ε). Use the Tauchen method

to space the productivity gridpoints using the variances of the innovations in the low state, and then

calculate transition probabilities between the same gridpoints using the variances corresponding to

the high state. This creates a single transition matrix that recognizes the possibility of moving across

uncertainty states. Finally, because productivity is an exponential function of the productivity grid-

points, scale down the highest z gridpoint so that the expected value of productivity is the same in

the low and high states.

2. Guess a pair of interest rates, (r0, r1).

3. Guess a pair of balanced-budget tax levels, (λ0, λ1).

4. Solve for the policy functions using the generalized endogenous gridpoints method developed by

Barillas and Fernández-Villaverde (2007), who build on Carroll (2006). The method alternates be-

tween an endogenous gridpoint method (EGM) step and a value function iteration (VFI) step, using

the much faster EGM step to provide a good approximation of the continuation value for the value

function iteration step, which is also necessary because labor supply is endogenous. Because of the

speed of the EGM algorithm, we can define a much denser grid for b in the EGM step so that the
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continuation value used in the VFI step is defined on a very fine grid. Both bond grids concentrate

points in the region where the policy functions are most skewed. Starting with an initial guess of

n (υ, z, ε, b) = 0.5 for all (υ, z, ε, b) and an initial continuation value that is increasing in bonds, apply

an initial round of EGM to find a guess of the continuation value Vt+1, handling the nonlinearity

created by the borrowing constraint in the manner suggested by Carroll (2011).

5. Solve for the policy functions n (υ, z, ε, b), c (υ, z, ε, b), and b (υ, z, ε, b) using VFI, and update Vt+1.

6. Calculate the two stationary states,H0 (z, ε, b) andH1 (z, ε, b), in the manner suggested by Lundquist

and Sargent (2000). Recall the meaning of the stationary states: the low-uncertainty stationary state

is the household distribution reached when υ = 0 for sufficiently long. That is, it is the invariant

distribution corresponding to the subset of low-state policy rules, which recognize the possibility of

transition to the high state. Calculating the stationary states on every EGM/VFI iteration of the policy

function loop has modest computational costs and allows us to update the guess of (λ0, λ1) on each

iteration. This is a much faster alternative to imposing an additional, outermost loop that searches

for the correct parameter values around the interest rate loop beginning in step 2. We also update the

calculation of unemployment insurance UIt (1, z, ε, b) using n (υ, z, ε, b) as the "counterfactual" labor

supply.

7. Continue to alternate between steps of EGM and VFI until the policy functions have converged, inter-

polating between the defined grid and the endogenous grid as described by Barillas and Fernández-

Villaverde (2007). Repeat step 6 on each iteration. The government budget will be balanced to within

roughly the same convergence criterion, sometimes exceeding it mildly as a result of rounding error

in the computation of the stationary states.

8. When the policy functions have converged, compare total bond demand in each uncertainty state to

the fixed supply of bonds. Update the low-uncertainty state interest rate as

r
′
0 = r0 − εr

(∫
b (0, z, ε, b) di− B

)
,

where εr is an updating parameter, and likewise for r1. Note that the calculation of the deviation

from market-clearing in one state is only correct to the extent that the interest rate in the other state is

already correct; consequently, more efficient updating algorithms can be problematic.

9. Now return to step (5). We proceed directly to the VFI step on subsequent iterations of the interest
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rate loop so that we can maintain our guess of the continuation value. We avoid starting with the

EGM step because the EGM algorithm can be fragile in this case: it fails if the continuation value is

ever non-monotonic in bonds, which might result from changes in the interest rates if the bond grid

is sufficiently dense.

10. The equilibrium has been found when deviations from market clearing in both states satisfy a conver-

gence criterion, ∫
b (0, z, ε, b) di− B < εb,

∫
b (1, z, ε, b) di− B < εb.

This equilibrium solution method involves a necessary approximation: household decision rules as-

sume that the transition between uncertainty states is instantaneous. When the economy moves from the

low uncertainty state to the high uncertainty state, it is immediately in the high-state equilibrium. This

implies that equilibrium decision rules ignore the transitional dynamics between states discussed in the

next section.

Flexible price and interest rate When prices are flexible and the interest rate is unconstrained, I apply the

above steps with no limits on (r0, r1) and allow the interest rates to adjust to clear the bond market.

Nominal rigidities case, adjustment at the zero bound through a labor wedge We apply the same algo-

rithm as above, but modify step 8 so that r0 and r1 are bounded at 1. In practice, the constraint only binds

in the high-uncertainty state. When r1 is already 1 and
∫

b (0, z, ε, b) di > B, we instead adjust the wage w1

(equal to one minus the wedge),

w
′
1 = w1 − εω

(∫
b (1, z, ε, b) di− B

)
.

We continue to iterate until w1 achieves market-clearing, holding r1 to 1 on each iteration.

Nominal rigidities case, adjustment at the zero bound through unemployment When the zero bound

prevents further interest rate adjustment and wages are fixed, market clearing is achieved by adjusting uin

or uout, respectively. In the first case, uout is held constant and the probability of entering the unemployment

state is updated as

uin′ = uin + εuin

(∫
b (1, z, ε, b) di− B

)
.
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In the second case, uin is held constant and the probability of exiting the unemployment state is updated as

uout′ = uout − εuout

(∫
b (1, z, ε, b) di− B

)
.

We iterate until convergence and report the resulting stationary unemployment level implied by the tran-

sition probabilities.

1.5.2 Transition dynamics

I calculate the transition dynamics that follow a high-uncertainty shock to the low-uncertainty stationary

state. To do this, I follow the standard method of calculating the policy rules backward and then calculating

the population distribution forward, searching for the path of interest rates that achieves bond market

clearing at every point in the transition.

The approximation used in the solution method for the transitional dynamics parallels that used in

calculating the equilibrium. The policy rules that define the equilibrium ignore the transitional dynamics

between uncertainty states, and the policy rules calculated over the transition path likewise assume that

reverting to the low-uncertainty state would be instantaneous. This is necessary because both transition

paths – from the low to the high state and the high to the low state – cannot be solved simultaneously.

This form of approximation could potentially be avoided using the Krusell and Smith (1998) algorithm,

which is intended for models with aggregate risk but could be used here as well. However, that algorithm

is considerably slower here and the approximation involved in using a small number of moments of the

household distribution is less transparent.

The transitional dynamics are calculated in the following steps:

1. Choose a number of periods T for the transition. We choose a value of T such that the income

distribution in the low uncertainty state state H0 (z, ε) converges to within εTD of H1 (z, ε) when the

high-uncertainty transition rules for z and ε are applied repeatedly for T periods.

2. Guess a path of interest rates, {rt}.

3. Solve for a path of household policy functions, {nt (1, z, ε, b)}t=1,...,T , {ct (1, z, ε, b)}t=1,...,T , and

bt (1, z, ε, b)t=1,...,T . Note that we are only solving for the high-uncertainty policy rules along the

transition path, and assume that the low uncertainty state policy rules would hold immediately if

the transition were disrupted by a shock υt = 0 at any point t along the path. Start by assuming

nT = nt (1, z, ε, b); that is, that by the end of the transition, the household distribution and interest rate

path have converged to the high-uncertainty state levels so that the associated policy rules are the true
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values for period T. Then solve backward from T − 1 to 1. Begin with a single iteration of EGM to

find cT−1 (1, z, ε, b); again, only one iteration is necessary because cT (υ, z, ε, b) is assumed to be true.

Then use the VFI step as described above to find nT−1 (1, z, ε, b) and bT−1 (1, z, ε, b), with the same

correction as above at gridpoints where households are borrowing constrained. Then interpolate

from the endogenous grid to tomorrow’s grid and proceed to t− 1, continuing to t = 1.

4. Use the complete set of policy rules along the transition path to find the household distribution at each

point along the transition path, {Ht (z, ε, b)}t=1,...,T . Start by setting Ht=1 (z, ε, b) = H0 (z, ε, b), the

household distribution in the low uncertainty stationary state. To update the household distribution

from Ht (z, ε, b) to Ht+1 (z, ε, b), use the exogenous transition rules for z and ε and the policy rule

bt−1 (1, z, ε, b).

5. Use the full path of household distributions {Ht (z, ε, b)}t=1,...,T to calculate the economy’s aggregate

variables. For each period, update the balanced-budget tax level, yielding a path {λt}t=1,...,T , and

use the labor supply policies {nt (1, z, ε, b)}t=1,...,T to update the value of unemployment insurance

{UIt (1, z, ε, b)}t=1,...,T based on "counterfactual" labor supply.

6. At each point on the transition path, calculate total bond demand in the high uncertainty state. Up-

date the interest rate in the same manner as before,

r
′
t = rt − εr

(∫
bt (1, z, ε, b) di− B

)
,

at each point t along the transition path.

7. Check if the deviations from market clearing satisfy the convergence criterion at every point along

the path, ∫
bt (1, z, ε, b) di− B < εb ∀t ∈ [1, T] .

If convergence has not been achieved, return to step 3 and continue iterating.

8. Once convergence has been achieved, compute |HT (z, ε, b)−H1 (z, ε, b)| to check that T was large

enough that the final household distribution is sufficiently close to the high-uncertainty stationary

state. We can also compare rT to r1 and final output to output in the high uncertainty state.

Transition dynamics with nominal rigidities The solution method can be modified for the case with a

zero bound, whether adjustment occurs through unemployment or a labor wedge, using a method parallel

to that used for calculating the stationary states. We first search for the paths of market-clearing interest
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rates, and adjust the labor wedge or unemployment transition probabilities at transition period t only if an

excess of bond demand remains when rt = 1.

Two changes are necessary in solving for unemployment rates over the transition path. First, aggregate

bond demand in period t is now used to update the likelihood of entering unemployment from period

t − 1 to t. Once the entry rate has been updated, new transition matrices must be computed for each

period along the transition path. Second, unlike in the flexible interest rate or wedge cases, changing

the unemployment transition probabilities between periods does not allow us to respond to total bond

demand in the initial period. As a result, the initial population Ht=1 (z, ε, b) must be changed directly. On

each iteration, in addition to updating the full path of transition probabilities
{

uin} and
{

uout}, I update

the initial population according to

Ht=1 (z, ε, b) = Ht=1 (z, ε, b) ∗ (1− εH)

(∫
b1 (1, z, ε, b) di− B

)
for all ε 6= −∞.

This reduces the employed population at each point in proportion to the size of the excess demand for

bonds. For each (z, ε, b), ε 6= −∞, I then transfer the corresponding population density to the point on the

grid representing a newly-unemployed household with the same values of z and b,

Ht=1 (z, ε 6= −∞, b) = Ht=1 (z, ε 6= −∞, b) +Ht=1 (z, ε, b) ∗ εH

(∫
b1 (1, z, ε, b) di− B

)
.

This ensures that the adjustment to the shock is immediate: the share of the population that is unemployed

changes immediately, and then the transition path is found for the remaining periods. Once convergence

is achieved, I use {Ht (z, ε, b)}t=1,...,T to calculate the unemployment level over the transition path.

1.6 Conclusion

The model presented above makes three points. First, a liquidity trap can result from a sudden increase in

precautionary savings demand prompted by higher idiosyncratic labor income uncertainty. A rise in idio-

syncratic risk provides a robust microfoundation for the liquidity trap and explains how the initial large

drop in the market-clearing interest rate dissipates over time. Second, the output and welfare effects of the

liquidity trap can be large when the zero lower bound binds. However, the magnitude of the recession

depends crucially on the adjustment mechanism by which the labor market clears when price stickiness

and the zero bound prevent the real interest rate from falling. The output and welfare costs of the liquid-

ity trap are higher when adjustment occurs through a mechanism that reinforces the original increase in

idiosyncratic risk. In particular, a rise in unemployment, and especially in unemployment of long dura-
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tion, concentrates idiosyncratic risk and provokes increased precautionary behavior and therefore a sharper

drop in aggregate demand and thus output. Third, social insurance policies can be effective in reducing

the output drop at the zero lower bound. In fact, some social insurance policies that are otherwise output-

and welfare-reducing instead become output- and welfare-enhancing at the zero bound because of their

effect on reducing precautionary motives and alleviating the paradox of thrift. However, social insurance

policies are most effective at the zero bound when they succeed in targeting the type of idiosyncratic risk

households face as a result of the labor market consequences of the output drop. Most strikingly, the ex-

tension of unemployment benefits has a very large positive effect in recessions characterized by heightened

risk of long-term unemployment, a defining feature of the current recession.
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2 The Credit Market Effects of the Home Mortgage Interest Deduc-

tion11

2.1 Introduction

The US home mortgage interest deduction (HMID) is a large tax expenditure used to subsidize debt-

financed home ownership. It is also one of the most heavily criticized tax-expenditures in the United States.

Critics argue that it is expensive (estimated to cost almost $100 billion in 2011), highly regressive, distor-

tionary, ineffective at increasing home ownership, and bad for the environment. Proponents of the subsidy

have thus far touted weak benefits, noting that home owners are more likely to maintain their homes, gar-

den, vote in local elections, and deter crime. The vast majority of cost-benefit analyses, such as Glaeser and

Shapiro (2003) and Gahvari (1985), conclude overwhelmingly that these externalities are swamped by the

large costs of the exemption.

In this paper we explain a heretofore unidentified benefit to the subsidy, namely that it rewards good

credit and continued access to the credit market. By doing so, it reduces agents’ incentive to default and

eases credit constraints. We show that this benefit is sizeable in a calibrated model of the US economy and

meaningfully alters any cost-benefit analysis.

To explore this effect, we use a life-cycle model in which individuals have limited commitment (they

can default) and where the penalty for defaulting on one’s debt is the loss of assets and exclusion from the

credit market. In this model, the incentive for individuals without seizable assets to repay their obligations

is limited to the value of continued access to the credit market. Acknowledging the lack of commitment,

lenders prevent borrowers from obtaining a level of debt that might lead to default. This means that a

number of consumers will face binding credit constraints relative to the full-commitment outcome and will

suffer a corresponding welfare loss. This constraint will bind most severely on assetless agents who place

low value on future credit access, or assetless agents with high and growing incomes.

In this model (and in reality) the HMID is a deduction for high income, young (read low asset) people

to buy a collateralizable asset with debt. Individuals are only eligible for this subsidy if they can obtain a

mortgage, or if they have not been excluded from the credit markets by a prior default. After purchasing a

home, individuals do not default due to a desire not to lose their houses. Thus the home mortgage interest

is a conditional subsidy that provides strong incentives to maintain one’s credit and is targeted towards

agents most affected by the problem of limited commitment. The apparent regressivity of the deduction

– that it targets the high income – is a feature, not a bug. We calibrate this model and explore the welfare

11Joint with Danny Shoag.
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and credit market effects of eliminating or reducing the subsidy. We find that the HMID enhances welfare

along two dimensions. The realized income elasticity of housing demand at the upper end of the income

distribution is less than one in our calibration. This means that although the HMID appears regressive,

it actually makes progressive net transfers. In addition to this redistributive effect, the HMID loosens

borrowing constraints by allowing agents to overcome commitment problems. The welfare benefits of

both channels are concentrated on the poor, especially low-income homeowners.

The credit channel proposed here also offers a partial solution to the long standing puzzle of why more

people do not file for bankruptcy. Though bankruptcy rates have risen considerably in the past two decades,

the relatively generous bankruptcy laws of most states mean that filing is in the narrow economic interests

of many more people than actually file. Estimates of the share of households that would be better off filing

for bankruptcy range from 15% (White (1998)) to 50% (Cohen-Cole and Duygan-Bump (2009)). Researchers

have reconciled these figures with observed bankruptcy rates by arguing that there is a stigma against filing

(Fay, Hurst, and White (1998)), by referring to the option value of filing later (White (1998)) and by citing

ignorance of bankruptcy law (Cohen-Cole and Duygan-Bump (2008)). The channel outlined in this paper

can explain some of this ’under-filing’ in a rational optimizing framework.

After exploring the credit market effects of the HMID in a calibrated model, we present suggestive

empirical evidence documenting the link between the HMID and credit market access. We find that cities

where house prices are higher relative to income (or where the HMID is more valuable) have higher average

credit limits. Similarly, we find that cities where rental options are less attractive also have higher credit.

This fits nicely with the channel outlined in the model, in that agents have more incentive to maintain good

credit when the conditional subsidy is larger.

We also demonstrate that changes in state and federal tax laws affecting the HMID are correlated with

bankruptcy rates. Using the NBER TAXSIM data developed by Feenberg and Coutts (1993), we calculate

the benefit of the HMID for a fixed representative family across each state year. Since the representative

family does not vary across states and years, changes in the benefits being measured are driven solely by

changes to tax law. We then document how changes in the value of this subsidy are related to state level

bankruptcy rates in both the cross section and time series. Consistent with the model, we find that larger

subsidies meaningfully reduce default.

The paper proceeds as follows. In section 2.2, we present a simple model that outlines the basic intuition

that the HMID can help overcome distortions caused by limited commitment. We also present an elabo-

ration of this simple model, which demonstrates the robustness of the result even when the HMID cannot

be funded by universal taxation. Section 2.3 presents evidence to support two crucial assumptions in our

paper, namely that the HMID is large enough to affect incentives and that benefitting from the HMID is
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partially contingent on one’s default history. In section 2.4, we outline the full model and explain the cal-

ibration. Section 2.5 describes the numerical solution algorithm. Section 2.6 presents the results from the

calibration and shows that the HMID leads to modest welfare gains, concentrated at the bottom of the in-

come distribution. In section 2.7, we present suggestive empirical evidence that the channel outlined in this

paper plays a role in regional credit markets. Section eight concludes.

2.2 Simple model

2.2.1 Basic model

To convey the intuition behind the general model, we first begin by considering a simple OLG endowment

economy where each agent lives three period. Households have a concave period utility function, and

for simplicity, agents do not discount utility between periods. Household endowment streams are given

deterministically by {e1, e2, e3} = {v, V, v}, where v < V < 4v. Households have access to a one-for-one

storage technology across periods.

Agents are allowed to borrow from a bank that costlessly intermediates between households. Agents

cannot commit to repayment, however, and cannot collateralize their endowment streams. There is no

asymmetric information, and the banks refuse to lend to agents who will decide to default ex-post.

Given this set-up, the utility achieved by the households will be:

UNo Commitment = u (v) + 2u
(

V+v
2

)
< UFull Commitment = 3u

(
V+2v

3

)
.

Now suppose that households may purchase a collateralizable asset (a house), which returns a stream

of consumption goods equal to V+2v
3 in both the period it is built and in the following period. Construction

costs for the asset are 2
3 (V+ 2v). We show that without a subsidy, the existence of such an asset is irrelevant.

Lemma 1 Without a subsidy, the existence of the asset is irrelevant to the determination of consumption and welfare

is unchanged.

Proof. Agents in the second period of life are indifferent, as they could achieve the same stream of consumption without

the asset. If agents in the third period of life have funds less than 2 (V + v) /3, they cannot commit to repaying the

amount they would need to borrow. If they do have these funds, they are indifferent to buying and reselling the asset.

Lastly, agents in the first period of life cannot commit to repaying (2V − v) /3, the amount they need to borrow to

finance construction, since the house will only be worth 2 (V + v) /3 in period 2. In other words, the house would be

"under-water" the next period.
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Now suppose that there exists a subsidy x > V+v
3 , x < V which is given to households if they purchase

a home using debt. The subsidy is financed by a lump sum tax evenly divided on all agents in period 2. We

show that this subsidy induces the agent in only the second period of life to purchase the asset.

Lemma 2 With the subsidy, agents in the second period of life purchase the asset and household welfare achieves the

full commitment outcome.

Proof. The analysis for agents in the last period of life remains the same as before. Agents in the second period of

life must choose between repaying their debts and purchasing a subsidized house if it is possible or not repaying and

forgoing the subsidy. Note that no agent will repay and then either choose not to purchase a house or find it impossible

to borrow a sufficient sum to do so. In those cases, repayment is strictly dominated. The benefit to repayment when

purchasing will be an option, then, is 2u
(

V+2v
3

)
. The benefit to default is 2u

(
V−x+v

2

)
. This means that when

x > V+v
3 , the agent finds it optimal not to default. Given this, the agent can borrow in the first period up to the

point where he will still be able to purchase a home in the second period. This means that his total net worth (absent

the equivalent tax and subsidy) in period two must equal the price of the house, V + v − b = 2
3 (V + 2v). This

means that the maximum sustainable debt in period 1 is V+2v
3 − v, or exactly enough to ensure perfect consumption

smoothing as in the full commitment case.

This simple model conveys the basic intuition. By subsidizing access to the credit market, the HMID

reduces the frictions imposed by limited commitment and can increase welfare.

2.2.2 Redistribution model

One feature of the previous model is that agents are required to pay the tax used to finance the subsidy,

whether or not they choose autarky. Though this is indeed one of the ways in which the HMID actually

operates, it is important to show that this aspect of the model is not intrinsic to the underlying channel.

Once again we consider a model in which agents live for three periods, however now we allow two types

of agents. Each agent is endowed with an income stream which is either high (type H) or low (tyep L) with

equal probability. The high income stream is given by yh = {1, Vh, v} and the low income stream is given

by yl = {1, V l , v}, where VH > V l > v >> 1. Types are revealed in period two, and unlike before, we let

the period three endowment be collateralizable12.

In addition to this process, agents may also receive an ’expenditure’ shock at date 2 with probability µ.

This shock requires them to forfeit X of the good at date 2, provides no utility, and is independent of the

agent’s type. Conceptually, this shock could represent a large medical expenditure, divorce, car accident

or accidental pregnancy. I assume that VH−v
2 > X > Vl−v

2 . The within-period timing at date 2 operates as

12This is required for the simple three period model, but can be relaxed in an infinite horizon version.
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follows: first agents must decide whether or not to repay their loans from date 1, then the expenditure shock

is realized, and then agents can decide how much to borrow (if they are able to do so) for consumption at

date 2.

We once again consider a world with limited commitment and costless savings technology prior to the

introduction of a collateralizable asset. Once again there is a bank that can intermediate borrowing and

saving across households, but the bank is unable to lend to an agent that has defaulted. Further, the bank

refuses to lend to an agent that may choose to default in period two.13

Given this setup, the rich agent has no value to having access to the credit markets in period two. The

size of the shock is less than the optimal level of saving, and hence the high income agent can still perfectly

smooth consumption between periods one and two. This is not true for the low income agent, who benefits

from being able to borrow against period-three income in the event of a shock.

Consumption if there were no credit markets:

{c1, c2, c3} =
( {1, VH+v

2 , VH+v
2 }

{1, VH+v−X
2 , VH+v−X

2 }

{1, Vl+v
2 , Vl+v

2 }

{1, V l − X, v}

{ when high type, no shock

when high type, shock

when low type, no shock

when low type, shock

Consumption with anonymous, no-default, limited commitment credit markets:

{c1, c2, c3} =
( {1, VH+v

2 , VH+v
2 }

{1, VH+v−X
2 , VH+v−X

2 }

{1, Vl+v
2 , Vl+v

2 }

{1, Vl+v−X
2 , v+V−x

2 }

{ when high type, no shock

when high type, shock

when low type, no shock

when low type, shock

In this economy, all agents under-consume relative to the optimum in the first period of life. This is

because the high income agent has no value to maintaining access to the credit markets. Because agent

types are unknown, the assumptions on bank behavior mean that no loans will be provided to agents in

the first period.

Once again, we introduce a durable and collateralizable house that returns an actuarially fair stream of

consumption. To keep this simple and analogous to the earlier example, we let the house product consump-

tion good equal to VH+v−X
2 for two periods at a cost Vh + v− X to produce. We assume that VL + X < VH ,

so that only high types can purchase the house. As in the previous case, the asset will have no impact on

13The results derived below could be derived under different assumptions. We explore this issue in an appendix.
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the equilibrium without a subsidy, as the only agent who can afford it (period 2, high, no shock) can already

perfectly smooth between periods 2 and 3.

Now suppose there is a conditional subsidy x from the low type to the high type for the purchase of

that asset when financed by debt. Given our assumptions on bank behavior, the high-type can only borrow

the funds needed to purchase the asset provided he has not defaulted. This means that the high type is

indifferent when

2µu
(

VH + v− X− b+ x
2

)
+ 2 (1− µ) u

(
VH + v− b+ x

2

)
Repayment payoff

= 2µu
(

VH + v− X
2

)
+ 2 (1− µ) u

(
VH + v

2

)
Default payoff

.

As is clear from the equation, the high type will prefer repayment for any x > b.

Given our assumption about the inability to tax autarky, the low type could choose to avoid paying

the subsidy. However, unlike the high type, the low type values the credit market in the second period to

help smooth consumption. This means that, conditional on having borrowed b, the low type will choose to

repay his debts and the subsidy as long as the insurance value of the credit market exceeds the income loss

from repayment.

This framework means that the agents’ borrowing in period 1 will be constrained by their inability to

commit to repayment at date 2. As demonstrated above, the poor agent does value his access to the credit

market. Therefore, if agents’ types were known at date 1, he could borrow (b) up to the point where

2(1− µ)u(
V l + v− 2b

2
) + 2µu(

V l + v− 2b− X
2

)

Repayment Payoff

= 2(1− µ)u(
V l + v

2
) + µu(V l − X) + µu(

V l + v
2

Default payoff

).

This implies that there exists b∗ > 0 for which this holds when X is sufficiently close to VL. In other

words, there will be a subsidy that the government can take from the non-defaulting low-types to subsidize

the high type’s credit use that will not force the low type into autarky.

With the subsidy, the high type has an incentive not to default on debt carried into period two, lest

he lose his opportunity to buy the house. That means that there is a positive level of debt which neither

agent will choose to default on in period two. Since neither agent will default on some level of debt b∗,

the agents can borrow up to b∗ in period one. If we assume that the endowment is sufficiently low in
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period one, the benefits from making credit available where it was otherwise constrained may increase the

utility of the low as well as the high type. In other words, though the subsidy is regressive and the benefits

disproportionately favor the high type, some positive subsidy may nonetheless be Pareto optimal. Under

some circumstances, the regressivity of the HMID may be a neccessary feature of a welfare-improving

subsidy.

2.3 Assumptions check

The channel described above relies on two important assumptions, namely that agents care about the HMID

and that they would be less likely to benefit from it after a default. Before calibrating a full model to

estimate the broader effects of the subsidy, it is worthwhile to demonstrate that these two assumptions are

empirically reasonable.

2.3.1 The HMID is large in size

A number of papers have attempted to calculate household tax savings from the HMID. Poterba and Sinai

(2008) calculate average savings using data from the 2004 SCF. Their estimates are presented below in Table

2.1.

Table 2.1. Average HMID deduction by age and income.

Age <$40K $40-$75K $75-$125 $125-$250K $250K+

25-35 212 571 1,801 3,468 $7,711

35-50 244 747 1,525 3,534 $6,575

50-65 161 491 1,034 2,095 $5,741

65+ 21 178 329 981 $1,322

As is evident from the table, the annual savings for wealthier and younger households are considerable

(between 1-2% of income). To get a sense of the value of the HMID over the course of a thirty-year mortgage,

we calculate the savings on a $200,000 mortgage with a 6.8% interest rate and a deductable tax rate of 30%.

In this example, the first-year savings are $13,535, and the total savings over the course of the mortgage are

$80,816. These calculations clearly indicate that the HMID is large enough to plausibly influence agents’

incentives in the credit market.

2.3.2 Credit access is restricted in bankruptcy

A second central assumption in this paper is that the HMID is a conditional subsidy in that it is more

difficult to receive after a default. The empirical relevance of this channel therefore hinges on whether or
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not it is indeed more difficult to obtain credit following a default. This issue has been studied in a number

of papers. Cohen-Cole, Duygan-Bump, and Montoriol-Garriga (2009) find that most individuals are able to

obtain credit cards within two years of filing bankruptcy, though this does not seem true for larger loans.

Fisher, Filer, and Lyons (2004), using data from the Survey of Consumer Finances, find that after controlling

for a large number of demographic and financial variables, individuals who have declared bankruptcy in

the past five years are 30-40% more likely to be turned down for a mortgage and 97% more likely to be

turned down for a non-mortgage bank loan. These effects persist in the SCF data, and there remains a 50%

increase in the probability of having been turned down for a loan 11-15 years later.

We test this result in the latest (2007) version of the SCF and find similar results. Table 2.2 demonstates

that, even after non-parametric controls for income, the probability of obtaining a mortgage, bank loan or

owning your home drops dramatically after bankruptcy.

Table 2.2. Credit and prior bankruptcy.

(1A) (2A) (3A) (1B) (2B) (3B)

Turned Did Not Own Home Turned Did Not Own Home

Down Apply Down Apply

Prior Bankruptcy Filing 0.83∗∗∗ 0.65∗∗∗ -0.48∗∗∗ 0.67∗∗∗ 0.49∗∗∗ -0.23∗∗∗

(.07) (.07) (.07) (.08) (.07) (.07)

Income quintile controls No No No Yes Yes Yes

The decision to file for bankruptcy is a highly endogenous one, however, and these results cannot be

interpreted as causal. It is possible that the decision to file for bankruptcy is correlated with some trait

observable by lenders but not by an econometrician. Therefore it is impossible to rule out that these traits,

and not the bankruptcy itself, are driving the results.

Musto (2004) recovers a potentially exogenous source of variation by looking at the amount of credit

avaliable to households around the 10 year post-bankruptcy mark, or the period after which a bankruptcy

is legally removed from one’s credit report. Musto finds a significant increase in the amount of credit used

by households immediately after the ten year mark, suggesting that the bankruptcy itself was responsible

for constraining credit.

We take a different approach to this question. We use a unique data set of loan-level data from an online

peer-to-peet lending company named The Lending Club. The Lending Club is a website that matches

borrowers and lenders. Since opening in 2007, the website has made more than $250 million in loans. Many
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of the site’s applicants have poor credit histories and struggle to get credit through traditional channels.

Lenders screen loan applicants using basic data verified by the website (credit score, court records, etc.)

and from online discussion with the borrower. The website posts detailed data on all partially or fully

funded loan applications.

One nice feature of this data is that the econometrician is privy to all the verified data used by lenders to

screen loans. Because the identity of the borrower is confidential to the lenders, there is no worry that unob-

served traits correlated with bankruptcy might be confounding the estimated effect of a prior bankruptcy

on credit avaliability. We use only data with avaliable delinquency and public record data, and we code any

agent with a delinquency or public record as a default. Restricting the sample in this way yields data on

16,887 loans of which, consistent with the target audience of the site, 92% had delinquency or bankruptcy

on record.

Table 2.3 shows the effect of previous defaults have on credit access in this market. In column 1, the

point estimate is small, indicating that those with prior defaults see the percentage of their request funded

fall by 4 percentage points. This estimate is biased, though, in that the site targets risky borrowers. Those

with no prior defaults appear to be more risky borrowers along other recorded dimensions (e.g. a debt to

income ratio that is 1.2 percentage points higher). When we control for the range of borrower characteristics

listed, either linearly where possible or by using 25 quantile dummies, we find that a prior bankruptcy

still significantly reduces the funds obtained by borrowers. The baseline estimates indicate a reduction in

funding for a given request by 17-18 percent.This is further evidence that a prior bankruptcy does, in fact,

reduce the ability to borrow.
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Table 2.3. Default and loan approval.

(1) (2) (3) (4)

Percent Funded Percent Funded Percent Funded Dollars Funded

Prior Default -.04∗∗∗ -0.17∗∗∗ -0.18∗∗∗ -$1,147∗∗∗

(.01) (.01) (.01) (162.5)

Controls None Linear 25 Quintiles 25 Quintiles

R2 0 .13 .15 .24

Obs 16,887 16,868 16,868 16,868

The variables being controlled for are Debt to Income, Monthly Income, Amt Requested, Home

Ownership, College Education, Loan Length, FICO Range, Employment Tenure, Year, Loan Purpose,

and State of residence. Robust SE in parenthesis.

2.4 Model

We consider a simple life-cycle model with uninsurable income risk and an option to declare bankruptcy.

A unit continuum of households i are divided over T overlapping generations, t = {1, 2, ..., T}. The

probability of surviving from generation t to t+ 1 is denoted φt, with φT corresponding to the probability

of remaining in cohort H. The population shares of each generation remain constant and there is no

population growth.

Households receive stochastic endowment income yi,t,

ln yi,t = ln zi,t + ln εi,t (22)

ln zi,t = ln κt + ln zi,t−1 + ln ηi,t (23)

where zi,t is the permanent component of the income process with drift κt capturing the life-cycle trend of

income and permanent shock ln ηt ∼ N
(

0, σ2
η

)
, and εi,t is a transitory shock with age-specific variance,

ln εt ∼ N
(
0, σ2

ε

)
. 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)

and Gourinchas and Parker Econometrica 2002.

Period T represents retirement. Households remain in period T (alive) with probability φT . During

each period of retirement, households received a fixed income of yT plus the annuitized value of their
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current savings, an actuarially fair value derived from φT .

During each generation of the lifecycle, households can spend their endowment income on a consump-

tion good ci,t, a housing asset hi,t, and one-period nominal bonds ai,t available in zero net supply that pay 1

in period t+ 1. Period-utility is identical across households and cohorts and takes the form

U (ci,t, hi,t) =
c1−γc

i,t

1− γc + λ
h1−γh

i,t

1− γh , (24)

where λ > 0 parameterizes the flow utility of a household’s housing assets. Buying or selling a unit of

housing incurs a linear adjustment cost of ζ, capturing the relative illiquidity of housing compared to the

bond. Households earn mortgage interest tax credit θr max (0, min (hi,t,−ai,t, H)). That is, a household

with positive housing hi,t > 0 and debt ai,t < 0 can deduct a fraction θ of the interest on its outstanding

debt up to the value of its housing units, limited by H, the maximum home value to which the mortgage

interest deduction applies. If a household has positive assets at, it cannot make a deduction.14 The tax

credit is financed by a progressive income tax function τ (·) that exactly funds the cost of the credit.

We assume that bonds are traded by perfectly competitive financial intermediaries that face transaction

costs proportional to the size of the loan. This introduces a wedge between the deposit rate rD and the

borrower rate rB, where

r = rD when ai,t > 0

r = rB when ai,t < 0.

As in Eaton and Gersovitz (1981), participants in lending markets are able to strategically default, repu-

diating oustanding debt at the cost of future exclusion from financial markets. At the beginning of each

phase of the life cycle, agents learn the new value of their endowment and can choose to default on their

outstanding debt ai,t−1. Default resets ai,t to 0, but excludes the household from borrowing or lending for

the next E generations, with the remaining periods of exclusion denoted ei,t. If the agents owns housing,

default causes it to be liquidated. In this sense, housing is a collateralizable asset.

We use the notation of Aguiar and Gopinath (2006) in defining the value functions. The value function

of households with a good credit history is denoted VG, while VB denotes the value function of households

that remain excluded from borrowing and lending. We can write the value of having a good credit history

14In reality, many home-owners have positive net savings as well as mortgage debt. For simplicity and computational feasibility
we consider only the two-asset case.
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as

V (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) = max
(

VG (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) , VB (αi, zi,t, εi,t, t, E)
)

. (25)

If a household chooses to default, its asset and housing levels are set to zero and it is excluded from

credit markets. In each subsequent period, it has a probability r of redemption. The value of having a bad

credit history is

VB (αi, zi,t, εi,t, t) = max
ci,t

{
U (ci,t) + βφtEtVB (αi, zi,t+1, εi,t+1, t+ 1)

}
. (26)

When excluded from financial markets, the household simply consumes its entire endowment, ci,t = yi,t.

When ei,t = 0, the household’s credit market standing is redeemed and VB = V (αi, zi,t, εi,t, t, 0, 0). Re-

demption here corresponds to the "fresh start" system of bankruptcy used in the United States discussed in

Livshits, MacGee, and Tertilt (2007).

Households that choose to remain in good standing choose ci,t, ai,t, and hi,t to maximize the value

function

VG (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) = max
ci,t ,ai,t ,hi,t

{U (ci,t, hi,t) + βφtEtV (αi, zi,t+1, εi,t+1, t+ 1, ai,t, hi,t)} (27)

subject to the budget constraint

ci,t +
1

1+ r
ai,t + hi,t + ζ |hi,t − hi,t−1|+ τ max (0, (yi,t − θr max (0, min (hi,t,−ai,t, H))))

= yi,t + ai,t−1 + (1+ σ) hi,t−1 (28)

and the borrowing constraint

ai,t > A, (29)

where ζ is the housing adjustment cost and σ is the growth rate in house prices.

We now present two versions of the core model outlined thus far. The first version, hereafter Model

1, follows Kehoe and Levine (1993) in endogenizing the borrowing constraint by imposing a strict never-

default rule. Model 2 follows Chatterjee, Corbae, Nakajima, and Ríos-Rull (2007) in allowing households

to borrow at an interest rate proportional to their likelihood of default, a function of the household’s current

state and the size of the loan. The two variants of the model differ in the values of rB and A.
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2.4.1 Model 1: Endogenous borrowing constraint

We first consider an endogenous borrowing constraint as in Kehoe and Levine (1993). The borrower rate

rB = RB is assumed fixed for all households. Households are only allowed to borrow up to debt lev-

els for which they would not default for any draw of the stochastic endowment process. In particular,

A (αi, zi,t, εi,t, t, hi,t) is defined implicitly as follows:

A (αi, zi,t, εi,t, t, hi,t) = min ai,t such that (30)

VG (αi, zi,t+1, εi,t+1, t+ 1, ai,t, hi,t) > VB (αi, zi,t+1, εi,t+1, t+ 1) ∀ (zi,t+1, εi,t+1)

Note that the borrowing constraint depends on the current choice of housing hi,t meaning that housing is

collateralizable, accounting for adjustment costs.

2.4.2 Model 2: Variable interest rate

In the second version, we adopt the variable interest rate framework of Chatterjee, Corbae, Nakajima, and

Ríos-Rull (2007). Now the borrower interest rate rB (αi, zi,t, εi,t, t, ai,t, hi,t) depends on the probability of

default,

1+ rB (αi, zi,t, εi,t, t, ai,t, hi,t) =
1+ RB

1− d (αi, zi,t, εi,t, t, ai,t, hi,t)
, (31)

where d (αi, zi,t, εi,t, t, ai,t, hi,t) is the likelihood of default implied by the stochastic endowment process and

the value functions VG and VB. When there is zero likelihood of default, rB = RB as in Model 1.

Note that in this version, A exists only because the income process is calibrated to have a finite upper

bound in the numerical approximation.

2.4.3 Equilibrium

Similar to Livshits, MacGee, and Tertilt (2007), an equilibrium of the model is defined as a set of value func-

tions V, VG, and VB, policy rules a (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) and h (αi, zi,t, εi,t, t, ai,t−1, hi,t−1), and default

probability function d (αi, zi,t, εi,t, t, ai,t, hi,t) (in the case of Model 2 only) such that:

1. The value functions satisfy (25), (26), and (27) subject to (28) and (29).

2. The policy rules a and h correspond to those value functions.

3. (Model 1) The borrowing constraint A (αi, zi,t, εi,t, t, hi,t) is determined by (30).
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4. (Model 2) The interest rate function rB (αi, zi,t, εi,t, t, ai,t, hi,t) satisfies (31) and the default function

d (αi, zi,t, εi,t, t, ai,t, hi,t) assigns the correct likelihood of repudiating debt corresponding to the value

functions.

2.5 Numerical solution

We solve both models numerically using simple algoritms. Model 1 is solved in the following steps:

1. Guess a tax rate τ that will raise enough revenue to cover the cost of the HMID and the fixed tax

rebate.

2. Guess a default matrix Dn defined on (αi, zi,t+1, εi,t+1, t, ai,t, hi,t) that indicates where agents choose to

default.

3. Given Dn, solve VG. This does not require knowledge of VB because the strict never-default lending

rule prevents households in good credit standing from ever defaulting.

4. Given VG, solve VB.

5. Update Dn+1 to 1 where VB (αi, zi,t, εi,t, t) > VG (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) and 0 elsewhere.

6. Repeat (2)− (4) until convergence to DN .

7. "Infants" are born with t = 1, a = 0, h = 0, and α, z, and ε distributed according to their steady-

state values in a number that exactly replace the share of the population that dies. Then use the

policy rules a (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) and h (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) extracted from VG (DN), the

stochastic endowment process, and the mortality process to solve for the steady-state population

distribution.

8. Use the population distribution to calculate the total cost of the HMID. If government revenues and

government spending differ by more than 0.1% of GDP, update τ to exactly finance spending and

return to step 1. Repeat until convergence.

Model 2 is solved through a similar set of steps:

1. Guess a tax rate τ that will raise enough revenue to cover the cost of the HMID and the fixed tax

rebate.

2. Guess a default probability matrix dn (αi, zi,t, εi,t, t, ai,t, hi,t) and use it to calculate the interest rate func-

tion rB (αi, zi,t, εi,t, t, ai,t, hi,t).
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3. Guess VG and VB and use the guesses to calculate V = max
(
VG, VB). Update the guesses and iterate

until the value functions converge.

4. Use the stochastic income process and the policy rules a (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) and

h (αi, zi,t, εi,t, t, ai,t−1, hi,t−1) corresponding to the value functions to calculate a new default matrix.

Return to step 2 and repeat (2)− (4) until convergence to dN .

5. Follow steps (7) and (8) above.

2.5.1 Calibration

We calibrate the model as follows. We use mortality data from the Center for Disease Control’s Life Tables.

Age is defined from 21 to 65, with T = 65 representing retirement. Each "generation" in the life-cycle

therefore covers 10 years. Because we use 10-year periods, all annualized parameter estimates given below

must be correspondingly adjusted.

The income process is parameterized using estimates from the literature on idiosyncratic income risk.

In the current solution we leave the fixed effect αi at 0 for all agents. We calibrate the age-trend of income

κt using data from the Consumer Expenditure Survey. Specifically, we define income as the sum of wages,

business income, farm income, pensions, pension, social security, unemployment insurance, worker’s com-

pensation, welfare, and food stamps. We take the average income by age over ages 21-64 for hosueholds

that were full income reporters, and define the retirement income yT as the average income for ages 65

and older. We follow Gourinchas and Parker in setting σ2
η = 0.0212 and σ2

ε = 0.0440. These figures

are consistent with several empirical studies on idiosyncratic income risk. We approximate the stochastic

endowment process with a transition probability matrix following the Tauchen method.

In the household utility function, we use the estimates in Livshits, MacGee, and Tertilt (2007) of an

annualized discount rate of 0.94 and γc = 2. We also use their estimates of the an annual deposit interest

rate rD = 0.04 and a borrower rate rB = 0.08 for zero probability of default.

The housing parameters are taken from Lustig and Van Nieuwerburgh (2004). We set λ to match the

aggregate ratio of spending on housing and consumption goods in the US economy. We set the deductible

share of mortgage interest θ = 1 and set H = $1, 100, 000, the maximum home value including home

improvements on which households can deduct interest under US law. The linear adjustment cost ζ is set

to 0.065, reflecting an average 5% real estate brokerage fee plus 1− 2% in taxes.

We set the probability of redemption to r = 0.1, reflecting an average 10-year period of exclusion from

credit markets.
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Finally, we calibrate the income tax function τ using US average tax rates for each node on the income

grid. Because the cost of the HMID is modest, we add an additional 20% to the tax rate and rebate the total

lump-sum in order to raise the marginal tax rate to a realistic level. Combined with the HMID, this roughly

approximates the share of taxes in GDP in the US economy.

We define the permanent component of the income grid over the range 0.2-1, corresponding to a top

income of $150,000. The transitory component is defined as in Livshits, MacGee, and Tertilt (2007), with

80% of the population receiving no shock and 10% receiving positive and negative shocks, respectively.

We also use their definition of expenditure shocks, assigning a small shock of $32, 918 corresponding to

minor medical expenses or divorce or an unplanned pregnancy with probability 0.07104 and a large shock

corresponding to major medical expenses of $102, 462 with probability 0.0046. We define the asset grid

over the range -1 to 1, with a larger share of the grid points concentrated near 0. The lower bound for

assets is low enough that it always exceeds the borrowing constraint in absolute value. The upper bound

is high enough that almost no agents reach it. The housing grid has a lower bound of 0, an upper bound

of H, and a midpoint of $225,000, roughly the median home price in the US, around which nodes are

disproportionately concentrated.

2.6 Results

2.6.1 Baseline results

Table 2.4 reports the baseline results with and without the HMID. The total tax cost of the HMID as a

share of GDP, 0.659%, corresponds closely to the actual figure for the United States of about 0.7%. With

the HMID, asset ownership shifts moderately away from non-housing wealth toward housing wealth and

total wealth falls as the borrowing constraint is relaxed. Aggregate welfare is slightly higher with the

policy (0.03%). The overall welfare gain reflects two changes caused by the policy: first, a redistributive

effect caused by the unequal distribution of the tax costs and tax benefits of the policy over the income and

age distribution, and second, the loosening of the borrowing constraint caused by the policy. Finally, the

variance of period-utility across the population falls modestly. This effect can by similarly decomposed.
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Table 2.4. Summary statistics.

θ = 0 θ = 1

GDP 0.473 0.473

Tax rate 20% 20.66%

Total wealth 0.170 0.157

Aggregate non-housing wealth -0.331 -0.365

Housing wealth 0.500 0.522

Tax cost of HMID / GDP 0% 0.66%

Total welfare -7.874 -7.872

Population variance of period utility 1.441 1.440

Figure 2.1 plots the average borrowing constraint by age and shows that it loosens with the HMID.

This loosening of the borrowing constraint is caused by the increased value of access to the credit market

with the HMID. The gap widens in middle-age when more households have purchased homes, which are

confiscated under default. Even in the first period of life, when households are born with no assets of either

type, the borrowing constraint is looser under the policy because of the increased value of maintaining a

good credit history. As households reach old age and sell their houses, the worlds with and without the

policy become more similar.

Figure 2.1. Average borrowing constraint by age.

Figures 2.2, 2.3 and 2.4 show asset ownership over the life cycle. As expected, the HMID leads house-

holds to choose more housing and take on more non-housing debt to finance it. Net asset ownership is

lower without the policy because of the loosening of the borrowing constraint: with greater ability to bor-
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row in response to shocks, households have a weaker precautionary motive to save and fewer people are

credit constrained. The figures also show the expected life-cycle properties of asset accumulation: house-

holds initially borrow to finance consumption and housing when they are young, but begin accumulating

net positive assets as their income rises in middle age to prepare for retirement. At the end of their lives,

households liquidate their housing to finance consumption both because they are credit constrained and

because they do not want to die with positive assets.

Figure 2.2. Average total bond and housing

assets by age.

Figure 2.3. Average bond ownership by age. Figure 2.4. Average housing by age.

2.6.2 Tax incidence by age and income

Table 2.5 shows the tax incidence of the HMID by age and income. These tables can be compared with

the estimates in Poterba and Sinai (2008), who perform the same exercise using US data. Like them, we

find that the subsidy grows with income and drops off in retirement. The subsidy appears regressive
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and has been widely derided for this property because the tax benefit grows considerably with income.

However, the tax cost of funding the HMID also grows considerably with income. Even with a flat income

tax, the increased weight of the HMID’s tax burden on the rich mostly outweighs their higher share of its

benefits. The table shows that the net tax benefit is actually progressive, even when abstracting from the

credit market effects.

Table 2.5. Tax incidence of the HMID.

DEDUCTION

0.2 0.3823 0.523 0.6 0.677 0.8177 1

15-24 0 0 0 0 0 0 0

25-34 0.0007 0.0015 0.0022 0.0027 0.0034 0.0049 0.007

35-44 0.0014 0.0024 0.0033 0.004 0.0048 0.0061 0.0074

45-54 0.0027 0.0041 0.0052 0.0059 0.0064 0.0072 0.0072

55-64 0.0044 0.0058 0.0065 0.0067 0.0068 0.0067 0.0059

65-74 0.0053 0.0057 0.0054 0.0052 0.0049 0.0045 0.004

75-84 0.0053 0.0042 0.0036 0.0032 0.0029 0.0025 0.0021

85+ 0 0 0 0 0 0 0

TAXES

0.0013 0.0025 0.0034 0.004 0.0045 0.0054 0.0066

NET TRANSFER

0.2 0.3823 0.523 0.6 0.677 0.8177 1

15-24 -0.0013 -0.0025 -0.0034 -0.004 -0.0045 -0.0054 -0.0066

25-34 -0.0006 -0.0011 -0.0013 -0.0012 -0.001 -0.0005 0.0005

35-44 0.0001 -0.0001 -0.0001 0 0.0003 0.0007 0.0008

45-54 0.0014 0.0016 0.0018 0.0019 0.002 0.0018 0.0006

55-64 0.0031 0.0033 0.003 0.0027 0.0023 0.0013 -0.0007

65-74 0.004 0.0032 0.002 0.0012 0.0004 -0.0009 -0.0026

75-84 0.004 0.0017 0.0001 -0.0007 -0.0015 -0.0029 -0.0045

85+ -0.0013 -0.0025 -0.0034 -0.004 -0.0045 -0.0054 -0.0066

Figure 6 shows the average net tax benefit of the HMID by age. The very young and very old face

the highest net costs of the HMID because they do not own homes. Among homeowners, the net tax
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benefit falls with income because the richest age categories pay a higher share of the tax cost. The greatest

beneficiaries are low-income older groups that pay a small share of the HMID’s tax cost but have not yet

sold their homes.

Figure 2.5. Net of HMID tax benefit minus tax cost of HMID by age.

2.6.3 Welfare

In this section we first examine the welfare effects of the HMID over the life-cycle and across the income

distribution and then decompose these effects into a redistributive component and a credit loosening com-

ponent. We perform this decomposition by applying the borrowing constraints from the model without

the HMID to the world with the HMID. Finding the equilibrium of the model where households get a tax

credit for homeownership but do not experience any loosening of their borrowing constraints isolates the

redistributive impact of the policy.

We first show aggregate welfare under the three regimes. Because the policy loosens borrowing con-

straints and is essentially progressive, it is welfare improving. The total welfare gains for the population

are split roughly evenly between the redistributive component, reflected in the difference in the first two

columns, and the loosening of the borrowing constraint, reflected in the difference between the second and

third column.

Table 2.6. Welfare decomposition.

No HMID HMID, no credit effects HMID

-7.8737 -7.8726 -7.8716
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Figure 2.6 shows the expected lifetime welfare of the first generation by initial income level. The graph

shows that welfare is higher for most of the income distribution under the policy, and is only lower at the

very top income brackets. Again, this reflects the higher tax burden faced by the rich needed to finance the

HMID and the reduced benefits the rich receive from a looser borrowing constraint.

Figure 2.6. Value function of "infants" by initial income level.

Table 2.7 decomposes the changes in lifetime welfare into its two components. The benefit from income

redistribution falls mostly on the lower half of the population and is quite large in magnitude, over 2%

for the very poor. The benefit from the broadening of credit access is also large, especially for the poor,

reaching 1% of welfare for the poorest category. This loosening of the borrowing constraint is actually

costly for the richest income groups because the gains from increased access are swamped by the rise in the

tax burden associated with wider homeownership.
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Table 2.7. Percentage change in value function

Benefit from Redistribution Benefit from Credit Market

0.2957 2.12 1.02

0.3823 1.66 0.90

0.4586 1.34 0.74

0.523 1.08 0.59

0.5728 0.88 0.47

0.6 0.78 0.41

0.6272 0.67 0.35

0.677 0.42 0.24

0.7414 0.19 0.05

0.8177 -0.05 -0.04

0.9043 -0.36 -0.12

1 -0.64 -0.15

2.7 Suggestive Empirics

2.7.1 Credit Limits and Home Prices

The value of the HMID increases when house prices are high and where renting is unattractive. When

prices are high relative to income, the amount that is saved through the deduction is greater, all else equal.

Similarly when rental prices are high or when rental units are scarce, individuals will have a greater incen-

tive to capture a subsidy for homeownership. Our model detailed the process through which the HMID

expanded credit access. Therefore credit access should be greater in areas where the subsidy associated with

the HMID is larger, or where house prices are high relative to income and rental units are expensive and

scarce. In this subsection, we present evidence of this relationship. Although there are admittedly many

potential confounding factors, the relationship provides suggestive evidence that the mechanism outlined

above is empirically meaningful.

To test this proposition, we collected data on average credit limits for 258 metropolitain levels from

Experian, a large credit reporting bureau. We then regress the ratio of average credit limit to median income

on the ratio of median house prices to median income. The results of this baseline regression are presented

in Column 1 of Table 2.8. The coefficient, which is statistically significant at the 5% level, indicates that

if house prices rose by 100% of income then the average credit limit would likewise expand by 4.5% of

median income.
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Lefgren and McIntyre (2008) have shown that credit avaliability is heavily influenced by state bank-

ruptcy and wage garnishment laws. To control for this, in column 2, we include state dummies. As demon-

strated in the table, these controls have little effect on the estimated relationship. Lastly in column 3, we

add 25 dummies corresponding to the percentile of median income within our sample. That the coeffi-

cient remains similar and highly significant after these flexible controls for state and income suggests that

confounding factors along these dimensions are not driving the results.

In the second panel of Table 2.8, we explore the same relationships using geographic features to in-

strument for the ratio of housing prices to income. We use the instrument constructed by Saiz (2010) at

the metropolitan level, which uses cross-city variation in amount of land geographically suited for devel-

opment. These instruments are highly predictive of housing prices and offer a more plausibly exogenous

source of identification. In Column 3, we repeat the same regression as in Column 1. The estimate effect

is larger and highly significant, again confirming the prediction of the model. This effect remains after

controlling for state and income dummies, as demonstrated in Column 4.

Table 2.8. Credit limits and relative home prices.

(1) (2) (3) (4)

Credit Limit
Income

Credit Limit
Income

Credit Limit
Income

Credit Limit
Income

Median Home Price
Income .045∗∗ .064∗∗∗ 0.13∗∗∗ 0.075∗∗∗

(.02) (.01) (.04) (.02)

First Stage F 31 23.6

Controls - State IV IV

Income Quintile State, Inc Qnt

Obs 258 258 258 258

Robust standard errors in parentheses

The second prediction discussed in this section is that agents in places where renting is less attractive

will have greater access to credit because the the HMID is more important. We test this hypothesis using

the same data as in Table 2.9. The first column demonstrates that when rental units are expensive relative to

housing prices, credit limits are higher. The coefficient implies that were median rental payments to increase

by 1% of median house values, credit limits would expand by 0.4% of income. This result holds even after

controlling for state and income dummies, as demonstrated in Column 2. Column 2 also includes a variable

designed to measure the avaliability of rental units, namely the share of rental units in the housing stock.

When rental units are easier to find, the HMID will be less important for agents, and therefore we expect
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credit limits to be reduced. This prediction is borne out in the data. Column 2 estimates that an increase in

the share of rental units by 1% reduces credit limits by -0.5% of income.

Table 2.9. Credit limits and the rental market.

(1) (2)

Credit Limit
Income

Credit Limit
Income

Median Monthly Rent
Median Home Price 41.0∗∗∗ 36.0∗∗∗

(2.7) (3.7)

Rental Units
Total Housing Units -.005∗

(.003)

State

Income Quintile

258 258

2.7.2 Bankruptcy and Taxes - Time and Cross Section

The previous section suggested that areas where the subsidy associated with the HMID is larger tend to

have higher credit limits with respect to income. In this section we explore a second prediction of the

model, namely that areas with higher HMID subsidies should be associated with lower bankruptcy rates.

As noted above, the size of the HMID subsidy for any individual depends on a host of factors which

independently affect credit market variables. These factors include things like age, income, asset holdings,

etc. Identifying the impact of the HMID on bankruptcy rates therefore requires some finess.

In addition to the clearly confounding factors mentioned above, another determinant of the size of the

HMID subsidy is state-level tax rates. Income tax rates, brackets and exemptions vary across states and time

and interact with the HMID in complicated ways. For example, thirty-four states allow some deduction for

mortgage interest in state income taxes, while the remaining 16 states either do not have personal income

taxes or do not permit an exemption. Changes in tax laws can be used to identify changes in the size of the

HMID subsidy. While changes in tax law are not completely exogenous to the factors that would otherwise

determine state bankruptcy rates, they do provide a relatively cleaner and more valid source of variation.

To measure the impact of tax law on the HMID, we create a representative household and calculate

the households tax bill given two levels of mortgage interest ($10,000 and $7,000 in 2008 dollars).15 The

15The representative household earns $85,000 - $50,000 from the primary earner, $30,000 from the secondary and $5,000 from interest
income. The household has one dependent child, contributes $3,000 a year to a 401K and pays $2,500 in property tax. The mortgage
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difference between the two (the tax savings) is calculated for each state and year using the NBER TAXSIM

V9 program. In the following graph, we plot the real dollar value of this tax savings against bankruptcy

rates. Each observation is a state-year and the time period runs from 1980 to 2008.
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Figure 2.7. Bankruptcy rates and tax savings from the HMID.

The clear negative relationship demonstated in the graph indicates that bankruptcy rates were lower

when the subsidy was larger and vice versa. A great deal of the variation stems from national changes in

bankruptcy rates and tax law. Bankruptcy rates have been rising over this period, while the subsidy has

declined due to factors like the 1986 tax reform. While the time-series information is suggestive, it is pos-

sible to partial out potentially confounding national shocks by using the panel dimension. The regression

presented in Table 2.10 below does just that, by regressing the five-year percentage change in state bank-

ruptcy rates on year dummies and the the five year percentage change in the tax savings. The coefficients

displayed give an elasticity. The first column presents the results using changes from 1980-1985, 1985-1990

and so on up to 2005. The coefficient is negative, as expected, but not statistically significant. One potential

problem with this procedure is that the final observation is the change from 2000 to 2005. Bankruptcy rates

exhibited a dramatic jump in 2005 as household rushed to file in advance of the 2006 bankruptcy reform.

When this problematic year is removed from the data, as in column 2, the estimated elasticity jumps to 1.6

and is significant at the 5% level. This indicates that bankruptcy rates are highly sensitive to the size of

the HMID. To check that this result is not sensitive to years other than 2005, we rerun the regression using

interest varies between $10,000 and $7,000 (or roughly the interest on a $150,000 or $100,000 mortgage). All figures are in 2008 dollars.
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every possible starting point and five year division (i.e. 1981-1986, 1986-1991, etc., then 1982-1987, etc.). We

then use the Fama-MacBeth procedure to combine these point estimates and calculate a standard error. The

results, presented in column 3, are very similar to the results in column 2. This indicates that the baseline

results, which show that the HMID has a surprisingly large effect on bankruptcy rates, are not being driven

by the choice of starting point.

Table 2.10. Changes in bankruptcy rates and HMID savings.

(1) (2) (3)
∆Bt,t−5

Bt−5

∆Bt,t−5
Bt−5

∆Bt,t−5
Bt−5

∆Tt,t−5
Tt−5

-0.47 -1.60∗∗ -1.77∗∗∗

(.40) (.76) (.44)

Sample 80-85,85-90,..2000-2005 80-85,85-90,..1995-2000 Fama-McBeth

Controls Year Year 24 5-year Cross Sections

Obs 255 204 24

The evidence presented in this section is by no means conclusive. While we feel that these points sug-

gest that the channel outlined in this paper is empirically relevant, we acknowledge that more work can

and should be done to measure this effect. We are in the process of collecting panel data on credit limits

that will enable us to test the model’s implications for credit constraints more directly. We are also in the

process of using the TAXSIM identification procedure applied to zip code level bankruptcy filings. By cre-

ating representative households designed to match the distribution of households in each zip code, we can

capture how changes in tax law determine the size of the HMID at the zip code level. We can then use

these measures to explore changes in bankruptcy filings at the ZIP code level. By increasing the number of

observation, this approach should allow us measure the desired elasticity more precisely.

2.8 Conclusion

The HMID has been widely derided as an ineffective and regressive tax expenditure. These criticisms,

however, only consider the partial equilibrium effects of the subsidy. In this paper, we argue that the HMID

has two important general equilibrium effects. The policy broadens credit access and makes the tax code

more progressive. Both of these effects increase welfare modestly in a calibrated model of the US economy.

The mechanism for expanding credit access is intuitive. Households can only take advantage of the

HMID if they can borrow in the credit markets. If default restricts access to credit markets in the future,
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the HMID helps households overcome their commitment problems by creating an extra incentive to repay

outstanding debt. As such, it meaningfully expands credit constraints. We present new evidence that

default does indeed restrict future credit access using a unique data set of online loans. This data allows

us to observe all the information available to the actual lenders, greatly reducing the problem of omitted

variable bias.

In our baseline calibrations, the HMID increases the progressivity of the tax code (even with a linear tax

rate) because the realized income elasticity of housing demand at the upper end of the income distribution

is below one. This is consistent with the literature, which generally finds elasticity estimates between .5

and 1 (Malpezzi and Mayo (1987)). With a progressive income tax, this effect would be even larger. The

apparent regressive nature of the deduction belies the fact that the net transfer is actually progressive under

the baseline calibration.

These general equilibrium effects have a significant effect on the welfare of young and poor agents,

increasing lifetime utility by 2-3% for those at the bottom of the distribution. These gains are balanced by

losses at the top of the distribution, meaning that aggregate utility increases by only .03% in the baseline

calibration.

In addition to our numerical results, we also present some suggestive empirical evidence that the HMID

expands credit access. Using data at the MSA level, we show that cities with higher house prices relative

to income (and hence higher HMID values) have higher credit limits. Similarly, cities where the HMID is

valuable because renting is less attractive also have higher limit.

Lastly, we show a relationship between changes in state level tax laws pertaining to the HMID and state

level bankruptcy rates. Using the NBER TAXSIM program, we calculate the tax savings associated with

the policy for a sample household with fixed properties across state years. We find that increases in this

tax savings are associated with decreases in bankruptcy rates. Ongoing work is under way to establish

a similar relationship between zip code level bankruptcy rates and changes for a fixed zip-code specific

representative household’s tax saving.

To conclude, we find the apparent partial equilibrium effects of the HMID differ greatly from its effects

in a calibrated model with limited credit market commitments. Though more research is certainly needed,

these results suggest that cost-benefit analyses of the HMID must consider the effects on the tax code and

credit markets before advocating for its repeal.

In future extensions of this work, we plan to evaluate a policy frequently advocated by critics of the

HMID, namely that the HMID be replaced with a flat one-time homeownership credit better targeted at

boosting homeownership rates. As our model makes clear, such a proposal would significantly change the

credit-market effects of the HMID.
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3 Uncertainty and the Geography of the Great Recession16

3.1 Introduction

Macroeconomists have advanced a number of hypotheses to explain the severity of the 2007-2009 recession

and the persistent decline in employment. These stories, which are certainly not mutually exclusive, include

insufficient aggregate demand due to household deleveraging, gradual structural adjustment to sector-

specific shocks (in particular, construction), lack of credit access caused by the disruption in the financial

sector, and increased policy and general economic uncertainty. Distinguishing the quantitative impact of

each of these channels is not straightforward.

One aspect of the Great Recession that might shed light on the causes of its severity is the substantial ge-

ographic variation in employment losses. The five states most deeply affected by the recession experienced

increases in their unemployment rates of 6 percentage points or more (with the largest increase, in Nevada,

exceeding 7.5 percentage points). Conversely, the five states least affected by the downturn saw their un-

employment rates increase by less than 2.1 percentage points. Given the importance of this geographic

variation, it is desirable that theories of the recession are consistent with this cross-sectional pattern.

The differential effect of the recession across geographic areas was not random. In line with a structural

explanation, states with larger housing price run-ups prior to the recession and larger price declines during

the recession suffered the largest employment losses. In particular, overall employment losses across states

and counties are highly correlated with losses in the construction sector. Recent papers have demonstrated

that geographic variation in household deleveraging is also correlated with employment losses. Mian and

Sufi (2011) and Philippon and Midrigan (2011) both show that employment losses are most severe in areas

with initially high and subsequently falling household debt to income ratios. Both the sector reallocation

and deleveraging channels are consistent with the observed geographic dispersion in the effects of the

recession.

Because financial markets are less locally segmented and much important economic policy is set at

the federal level, the credit and uncertainty channels are viewed as less capable of explaining the wide

geographic dispersion of unemployment levels in the US during the Great Recession. These facts have led

some to argue that the credit constraints and policy uncertainty channels are not consistent with a central

feature of the recession. This paper looks deeper into the potential role of uncertainty, which does in fact

exhibit substantial geographic variation across the US. We find that increases in policy uncertainty over the

2006-2009 period are correlated with the effects of the recession. The bivariate correlation between policy

uncertainty at the state level and employment losses is quite strong, and highly robust to alternate measures
16Joint with Danny Shoag and Stan Veuger.
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of uncertainty.

The implication of this finding is that, like the structural and demand-driven channels, the policy un-

certainty story is consistent with the geographic pattern of the recession. Moreover, the policy channel

performs remarkably well in direct horse races against the other channels. This suggests that it is prema-

ture to dismiss the importance of a policy uncertainty channel in explaining the severity and persistence

of the Great Recession. The remainder of this paper describes the various data series we use to measure

policy uncertainty and their correlation with job losses.

3.2 Uncertainty

3.2.1 Media

Following Baker, Bloom, and Davis (2011), hereafter BBD, we first measure uncertainty using occurences

of the word "uncertain" in searches of media source databases. As BBD show, there is a pronounced secular

trend in coverage by Google News, and we were not able to satisfactorily control for differences in this

trend across states. As a result, we do not use Google News, probably the largest compilation of news

sources, because its rapidly growing coverage over this period might bias geographic trends.

To capture information specific to local circumstances, we use data from an internet archive of local

newspapers (NewsLibrary.com). The web site covers more than 4000 news sources and contains state iden-

tifiers. We collect all articles from 1/1/2006 through 12/31/2010 containing the word “uncertainty." We

then filter these results to remove papers with spotty online coverage (i.e. restricting ourselves to papers

with at least 25 articles a year from 2006 through 2010 with the word “uncertainty"). We also remove televi-

sion transcripts, non-English language papers, and national papers such as USA Today. In the end, we are

left with 116,120 articles from 42 states from 226 newspapers. We then aggregate the articles, counting by

state and year, and construct an index of the level of uncertainty during the recession.

Since the downturn began at different times in different states, we use the 2006 measures as the baseline

for each index. The results are not significantly changed by altering the starting date. The outcome variable

is the average value of the index – current year articles relative to 2006 articles – over the recession period.

The mean value is 1.08, indicating that there was an 8% increase in the number of articles containing the

word uncertainty in this period when state-year observations are weighted equally. The measure ranges

from a high of 1.8 for Rhode Island and 1.6 for Nevada and Arizona to lows of 0.62 for Louisiana and

0.73 for Maine. This means that there was a 60% increase in the number of articles containing the word

uncertainty in Nevada and a 28% decrease in Maine in this period. These measures are noisy, but this range

of variation appears reasonable relative to the within-state year-to-year variation during this period.
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Figure 3.1. Uncertainty in the news and unemployment.

Figure 3.1 plots this relationship against the change in unemployment rates across states from 2006 to

2009. As is evident in the graph, the relationship is quite strong, with an R-squared of 0.22. This correlation

is driven partially by the extreme case of Nevada, but the correlation remains at 0.4 even if Nevada is

excluded. The relationship holds when looking at article word counts (R-squared = 0.24), when including

2010 (R-squared = 0.18), and when using the change in unemployment rates from 2007 to 2009 (R-squared

= 0.22).

3.2.2 Internet Searches

A similar approach can be carried out using data on Google searches. In particular, we have in mind

searches by households for information about local economic policy decisions, such as tax and spending

levels. To construct a proxy for local uncertainty, we look at the increase in Google searches for the terms

“state budget" and “state tax." We use Google Insights for Search database, looking at the relative search

frequency for these terms in all states in 2009 relative to the level in 2006.
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Figure 3.2. Google searches and unemployment.

Figure 3.2 shows the association of this search-based, or news demand-based, measure of uncertainty.

As the figure shows, the correlation between the two is strong (R-squared = 0.14). Taken together, the news

source results reveal a cross-sectional relationship between local measures of uncertainty and employment

outcomes.

3.2.3 State Budgets

We next turn to more direct and straightforward measures of local policy uncertainty. In this section, we

test the relationship between uncertainty about state spending and taxation and economic outcomes and

similarly find a strong and robust relationship.

When exploring the relationship between policy uncertainty and economic outcomes, it is important

not to rely upon policy measures that could be deterministically related to the outcomes in question. For

example, income taxes receipts will of course be strongly correlated with employment rates in the absence

of any changes to tax rates, but it would be a mistake to attribute this relationship to any notion of pol-

icy uncertainty. Therefore, instead of relying on Census data for realized receipts and spending, we use

measures coded from National Association of State Budget Officers (NASBO) reports that record changes

in legislated tax and spending levels. The NASBO estimates are also useful in that they are recorded in

dollars, making it easy to compare disparate policy changes.
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State Spending The first measure of uncertainty we use is mid-year budget cuts. State budgets are gen-

erally passed annually or biennially, but can be amended in mid-cycle to satisfy state balanced budget

requirements or for other reasons. NASBO records these mid-year budget cuts in its Fall Fiscal Survey of

the States. These cuts are a good measure of the policy uncertainty associated with state spending, as these

measures could not be incorporated in the standard budget cycle.

In Figure 3.3, we aggregate the spending cuts in fiscal year 2008 and fiscal year 2009 (most states’ fiscal

years end in June, meaning fiscal year 2007 did not overlap with the recession), and express them in per-

capita terms. We then plot these mid-year or “surprise" cuts against the change in unemployment rate

across states from 2006 through 2009.

Figure 3.3. Budget cuts and unemployment.

Figure 3.3 shows a strong positive relationship between surprise budget cuts and employment losses in

the recession. The R-squared for the relationship shown is 0.24, with each percentage point of unemploy-

ment associated with an extra $30 of surprise cuts. This relationship is virtually unchanged when using the

change in unemployment from 2007 to 2009 (R-squared = 0.25) or when scaling by total state government

spending (R-squared = 0.37), as shown in Figure 3.4.
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Figure 3.4. Scaled budget cuts and unemployment.

State Taxes NASBO also records legislated tax increases and decreases. Again, this measure is at least

less directly endogenous than tax receipts and could be seen as introducing uncertainty about tax levels.

Figure 3.5 shows the same relationship with changes in the unemployment rate as the previous graphs.

Figure 3.5. Tax policy and unemployment.

The R-squared in the relationship is 0.17. Excluding North Dakota, the R-squared is still 0.10 between

the two variables. The relationship holds when scaling the tax changes by total state government spending
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in the period (R-squared = 0.12) and when using the change in unemployment from 2007 through 2009

(R-squared = 0.14). These results document that states that suffered disproportionately in the recession saw

larger legislated tax increases.

State Budgets Households might worry not only about uncertainty in future local tax rates, but also about

uncertainty in future state spending. We therefore introduce as a measure of spending policy uncertainty

the (absolute) gap between realized state government revenues and the projections used at the start of the

budget cycle. We use the absolute value to meaure the difficulty in predicting aggregate outcomes for the

state in advance, rather than simply using the gap, which is more obviously endogenous. Figure 3.6 shows

that the absolute value of these deviations is also highly correlated with the severity of the recession. The R-

squared is 0.17 with North Dakota, which has been an outlier in its relative immunity to the Great Recession

in large part because of an oil boom, and 0.38 when excluding it.

Figure 3.6. Revenue deviations and unemployment.

Figure 3.7 shows that the correlation between these deviations from projected values and the severity of

the recession is largest for FY 2009, well after the recession had begun. The correlation for just that year is

0.72.
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Figure 3.7. Revenue deviations and unemployment, 2009.

3.2.4 Misleading Indicators

We next consider another measure of uncertainty, also calculated on the basis of deviations from forecasts,

using the Federal Reserve Bank of Philadelphia’s (FRBP) leading indicators of trends in labor markets in

each of the 50 states.17 These leading indicators are meant to predict, six months in advance, how the coin-

cident employment indices that the FRBP publishes on a monthly basis will change. Figure 3.8 shows that

the leadings indicators’ absolute deviation from realized changes shows a strong association with changes

in unemployment over the crisis period. The R-squared for this relationship is 0.17.

17“The coincident indexes combine four state-level indicators to summarize current economic conditions in a single statistic. The
four state-level variables in each coincident index are nonfarm payroll employment, average hours worked in manufacturing, the
unemployment rate, and wage and salary disbursements deflated by the consumer price index (U.S. city average). The trend for each
state’s index is set to the trend of its gross domestic product (GDP), so long-term growth in the state’s index matches long-term growth
in its GDP," Federal Reserve Bank of Philadelphia (2012).
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Figure 3.8. Coincident index deviations.

3.2.5 State Credit Ratings

In addition to worrying about incremental tax changes and sudden alterations to state government spend-

ing, households might also be concerned about uncertainty surrounding the long-term solvency of their

state government. Households within the state are likely to be disproportionately concerned about sol-

vency uncertainty if they hold an above-average share of state debt or if a solvency crisis could lead to

dramatic and unpredictable changes in state government spending or tax levels. We use changes in the

credit ratings provided by Standard & Poor’s as our measure of uncertainty here18. Our meaning of un-

certainty is admittedly different here than in the previous cases where we measured dispersion; now we

are concerned with uncertainty about states being able or unable to live up to their financial obligations.

As Figure 3.9 shows, a one-notch change in credit rating is associated with almost a full percentage point

change in the unemployment rate (R-squared: 0.18).

18Similar results hold for the credit ratings given by Moody’s and Fitch, though both of these credit agencies rate the debt issued by
fewer states than S&P does.
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Figure 3.9. State credit ratings and unemployment.

3.2.6 Uncertainty Summarized

The results discussed in the above sections are summarized with additional controls and robustness checks

in Tables 3.1, 3.2 and 3.3. Again, these results are not meant to imply causality nor to suggest that the

potential importance of the policy uncertainty channel precludes the importance of other channels, such

as deleveraging and structural transformation. Rather, by demonstrating the link between the severity of

the recession and various forms of (policy) uncertainty, we highlight the roles of all of the hypotheses in

generating the regional dispersion of the recession’s severity.
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Table 3.1. Taxes, government revenues and unemployment

(1) (2) (3) (4) (5)

Legislated Legislated Legislated Deviation Deviation

tax increases tax increases tax increases from revenue from revenue

FY2008+2009 FY2008+2009 FY2008+2009 projections projections

(per capita) (per capita) (% of total FY2008+2009 FY2008+2009

expenditure) (%) (%)

∆U, 2009-2006 15.6*** 15.93*** 0.12*** 0.85*** 1.27***

(5.1) (5.1) (.04) (0.31) (0.30)

Lagged Control N Y Y N Y

DV Mean -$5.74 -$5.74 0.05% 4.30% 4.30%

Observations 50 50 50 50 50

R-squared 0.17 0.18 0.17 0.17 0.37

Standard errors in parentheses. A control for the lagged value of the dependent variable is

included, but not reported, where indicated. *** 1% significance, ** 5% significance, * 10%

significance.
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Table 3.2. News articles, budget cuts and unemployment

(1) (2) (3) (4) (5)

“Uncertainty" “Uncertainty" “Uncertainty" Surprise Surprise

articles articles articles budget cuts budget cuts

relative to relative to relative to FY2008-2009 FY2008-2009

2006 2006 2006 (% of total (% of total

(2007-2009) (2008-2009) (2007-2009) expenditure) expenditure)

∆U, 2009-2006 0.08*** .09*** 0.09*** 0.30*** 0.30***

-0.02 -0.03 -0.02 -0.06 -0.06

Lagged Control N N Y N Y

DV Mean 1.11 1.15 1.11 0.84% 0.84%

Observations 42 42 42 50 50

R-squared 0.22 0.17 0.31 0.37 0.37

Standard errors in parentheses. A control for the lagged value of the dependent variable is

included, but not reported, where indicated. *** 1% significance, ** 5% significance, * 10%

significance.
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Table 3.3. Google searches, leading indicators and unemployment

(1) (2) (3) (4)

State policy State policy Leading Leading

searches searches indicator indicator

relative to relative to deviations deviations

2006 2006 2006-2009 2006-2009

(2007-2009) (2007-2009) (2007-2009) (2007-2009)

∆U, 2009-2006 0.03*** .02 10.10*** 7.55***

0.01 0.01 3.29 1.73

Lagged Control N Y N Y

DV Mean 0.83 0.83 81.94 81.94%

Observations 46 46 50 50

R-squared 0.14 0.31 0.16 0.78

Standard errors in parentheses. A control for the lagged value of the

dependent variable is included, but not reported, where indicated.

*** 1% significance, ** 5% significance, * 10% significance.

3.2.7 Horse Race?

One obvious way to assess which of the different explanations for the wide variety in unemployment

changes across the country fits the data the best is to run a direct horse race. When we do this, for ex-

ample, for our first uncertainty proxy, the newspaper article count, and the change in an index of housing

prices, we find that both are significantly associated with the variation in unemployment rates. A doubling

of the number of newspaper articles mentioning “uncertainty" in 2007-2009 compared to 2006 is associated

with an increase in the unemployment rate of 1.5 percentage points after controlling for the impact of the

decline in housing prices. As shown earlier, the measured uncertainty indices contain at least that much

variation from the lowest to the highest uncertainty-level states, suggesting that the effect of the uncertainty

channel is not only statistically significant but also quantitatively important even after controlling for the

other most frequently cited channels.
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3.3 Conclusions

This paper provides suggestive evidence that policy uncertainty is a contributing factor to the depth of

the Great Recession. We show that a variety of measures of general uncertainty and policy uncertainty

in particular are strongly correlated with increases in unemployment at the state level in the US during

this period. Furthermore, even after controlling for other commonly cited central causes of the downturn,

namely the collapse of the housing bubble, uncertainty remains quantitatively signficant. Untangling the

causal significance of uncertainty – or, for that matter, of deleveraging or structural reallocation – remains

a hard question because of the difficulty of identification in this context. Nevertheless, the data suggest

that the role of uncertainty should be taken seriously and in particular should not be downplayed on the

grounds that it cannot possibly explain the observed geographic variation in unemployment across regions

of the US.

In future extensions of this research, we plan to further the task of decomposing the causes of the re-

cession by asking what types of policy uncertainty are likely to have the largest effect. In particular, we

are developing a quantitative general equilibrium model to estimate the effect on aggregate demand and

output of uncertainty about future tax rates, transfer payments, government spending levels, and poten-

tial default on state government debt. The purpose is twofold. First, we would like to know what types

of policy uncertainty are likely to have the largest quantitative impact on inducing households to reduce

consumption. Frequently, policy uncertainty is used as a catch-all term, and the mechanism of its impact

is left vague. Second, we would then like to know whether realistic calibrations of cross-state variation in

each type of policy uncertainty can explain a substantial component of the cross-state variation in output

and employment outcomes. The aim is again to further quantitatively decompose the effects of commonly

cited causes for the severity of the Great Recession.
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