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Abstract

Micro uncertainty (cross-sectional dispersion) and macro uncertainty (volatil-

ity of aggregate economic variables) are conceptually distinct. However, em-

pirically, they comove and are countercyclical. This paper builds a general

equilibrium model and demonstrates that credit market frictions allow mi-

cro uncertainty to drive time-varying macro uncertainty endogenously. In the

model, as dispersion increases, more firms are pushed to the left tail of the pro-

ductivity distribution, resulting in more defaults and a depletion in aggregate

net worth. This mechanism generates countercyclical leverage and aggregate

volatility. The model implies that the government can inject equity in eco-

nomic downturns to stabilize aggregate volatility.
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1 Introduction

Uncertainty shocks have been demonstrated as an important driving force that af-
fects business cycles, asset prices, and firm investment decisions. Various measures
of uncertainty rise sharply in recessions. In this paper, I focus on two types of
uncertainty: micro and macro uncertainty. I define micro uncertainty as the cross-
sectional dispersion of firm-level realized outcomes, such as the cross-sectional dis-
persion of stock returns or sales growth. Macro uncertainty is the volatility of ag-
gregate economic variables, such as the volatility of stock market returns or GDP
growth rates.1 These two types of uncertainty are conceptually distinct: micro un-
certainty captures the cross-sectional dispersion, and macro uncertainty measures
the time-series volatility of the aggregate economy. However, in the data, they are
strongly positively correlated and countercyclical. Most literature treats aggregate
volatility as exogenously evolving and imposes it to be positively correlated with
micro uncertainty. This paper presents a model with credit market frictions such
that the time-series variation of aggregate volatility is endogenously driven by mi-
cro uncertainty. This model mechanism has a novel policy implication that the
government can stabilize aggregate volatility by injecting equity into the corporate
sector in economic downturns.

The model is based on the classic financial accelerator framework, as in Bernanke,
Gertler, and Gilchrist (1999). In the economy, entrepreneurs have to take on debt
to finance firms’ investment projects. An increase in the dispersion of firm-level
idiosyncratic productivity pushes more firms to the left tail of the productivity dis-
tribution, which leads to more firms experiencing costly default and net worth de-
struction. As a result, credit spreads and aggregate leverage rise with heightened
micro uncertainty. The economy becomes more volatile because of the stronger
shock amplification effects coming from the higher leverage. Therefore, variations
in macro uncertainty endogenously arise from fluctuations in dispersion.

The quantitative performance of the model crucially depends on the risk pre-

1I use the terms dispersion and micro uncertainty, and aggregate volatility and macro uncertainty
interchangeably. The notion of uncertainty in this paper refers to the second moment of economic
quantities and prices, and it should be distinguished from the decision-theoretic notion of Knightian
uncertainty.
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mium channel. The risk premium channel allows asset prices to drop more upon
an increase in dispersion. The falling asset prices shrink the asset value held by
entrepreneurs, which weakens their debt repayment ability. Thus, default and net
worth destruction become more severe, and aggregate leverage and volatility in-
crease more. I introduce the risk premium channel into this model economy by
assuming endogenous growth and recursive preferences. These two elements de-
liver a sizable risk premium through the long-run risks mechanism. Additionally,
endogenous growth allows dispersion to affect the endogenous growth rates through
default, making dispersion a key determinant of the risk premium. Quantitatively, in
the calibrated economy, around 36% of the variation in aggregate volatility can be
explained by micro uncertainty, which is close to 40% in the data.2 In the simulated
economy, both micro and macro uncertainty measures rise sharply during reces-
sions, and their correlation is 59%, in comparison to 63% in the data. In contrast,
in a standard financial accelerator model without endogenous growth and recursive
preferences, the variation in aggregate volatility explained by micro uncertainty is
tiny, less than 3%. Furthermore, the correlation between micro and macro uncer-
tainty is only 17%, and both uncertainty measures become acyclical.

This endogenous link between micro and macro uncertainty provides a novel
policy implication that the government can stabilize aggregate volatility by inject-
ing equity into the corporate sector. I assume the government finances this inter-
vention by issuing government bonds. The government can increase the amount of
equity it intermediates when the credit spreads are high. To quantitatively evaluate
the effects of this credit intervention, I perform simulations of the model economy
by feeding in the historical series of aggregate productivity and dispersion, with
a special focus on the 2007-2009 financial crisis. The model without government
intermediation accounts well for the significant increase in credit spreads and stock
market volatility during the financial crisis. When the government intermediation
is introduced, the rise of the credit spread and stock market volatility are reduced
by half. This policy implication is in sharp contrast to an economy with exogenous
aggregate stochastic volatility, where policies cannot effectively smooth aggregate

2The variance explained is the R-squared obtained by regressing stock market return volatility on
the micro uncertainty constructed on the idiosyncratic component of cross-sectional stock returns.
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volatility.

Related literature This paper is closely related to the extensive literature
studying the role of micro uncertainty in explaining business cycles and asset prices.3

Similar to my work, Christiano, Motto, and Rostagno (2014) and Arellano, Bai, and
Kehoe (2016) explore the implications of micro uncertainty shocks in economies
with financial frictions. Gilchrist, Sim, and Zakrajšek (2014) show that micro
uncertainty affects the economy more through financial frictions rather than non-
convex adjustment costs. Alfaro, Bloom, and Lin (2018) argue that the interaction
between real and financial frictions can amplify the impact of uncertainty shocks.
Elenev, Landvoigt, and Van Nieuwerburgh (2018) discuss macro-prudential policy
in an economy in which the dispersion of idiosyncratic shocks affects the economy
through credit market frictions. Bloom et al. (2018) argue that recessions can be
well explained by negatively correlated aggregate and firm-level dispersion shocks
in productivity. Instead of focusing on the impact of micro uncertainty on the first
moment of business cycle variables, this paper focuses on how micro uncertainty
endogenously affects the aggregate volatility of the economy. Additionally, this
paper demonstrates that the risk premium is an important channel in amplifying
the impact of micro uncertainty on real quantities and asset prices, a feature that is
typically absent in this strand of literature.

This work also connects to the literature focusing on the impact of macro un-
certainty on the aggregate economy. Bloom (2009) focuses on how macro uncer-
tainty affects investment and hiring decisions through non-convex adjustment costs.
Fernández-Villaverde et al. (2011) show that high volatility of real interest rates can
lead to economic downturns for small open emerging economies. Justiniano and
Primiceri (2008) argue that the decline in the volatility of investment shocks is the
key to understanding the decline in aggregate volatility during the Great Modera-
tion. This strand of literature typically assumes an exogenous process governing
the volatility of macroeconomic time series. My paper complements this literature
by showing that the time-varying macro uncertainty can endogenously arise from

3Kozeniauskas et al. (2016) and Ilut et al. (2018) study asymmetric responses upon uncertainty
shocks through information frictions. However, the notion of uncertainty in this strand of literature
is Knightian uncertainty, which should be distinguished from the volatility concept, as in this paper.
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fluctuations in micro uncertainty, and a large fraction of the observed impact of
macro uncertainty can come from micro uncertainty.

This paper also contributes to the literature focusing on the effects of credit mar-
ket interventions in economies with financial frictions, such as Gertler and Kiyotaki
(2010), Gertler and Karadi (2011), He and Krishnamurthy (2013), among others.
Rather than focusing on the effects of these policy instruments on the first moment
of macroeconomic quantities and asset prices, this work shows that similar credit
market interventions can also be used to stabilize aggregate volatility.

The model mechanism builds on the literature studying the shock amplification
effects of financial frictions, as in Kiyotaki and Moore (1997), Bernanke, Gertler,
and Gilchrist (1999), and Brunnermeier and Sannikov (2014). The credit mar-
ket frictions in this paper mostly follow the classic financial accelerator model of
Bernanke et al. (1999), where the inverse relationship between the external financ-
ing premium and borrowers’ net worth amplifies shocks to the economy. In par-
ticular, this paper connects to the literature focusing on the amplification effects of
financial frictions in the presence of firms’ heterogeneous responses to aggregate
shocks. Cui (2017) shows that firms’ heterogeneous responses can strengthen the
shock propagation effects of financial frictions. Gomes and Schmid (2021) also uti-
lize the endogenous response of leverage to default to amplify shocks but focus on
the asset pricing implications. Different from previous papers, my work contributes
to this literature by focusing on how micro uncertainty endogenously affects macro
uncertainty through financial leverage and the risk premium.

Finally, the quantitative performance of this model relies on amplification ef-
fects from the risk premium channel, which builds on the long-run risks literature.
Bansal and Yaron (2004) shows that a persistent component in growth rates, to-
gether with recursive preferences, can generate a sizable risk premium. Similar to
this work, Kung and Schmid (2015) also focus on the role of endogenous growth
in terms of translating transitory shocks into long-run risks. Instead of focusing on
asset prices, this paper shows that the impact of dispersion shocks can be amplified
through the risk premium channel.

The rest of the paper is structured as follows. In Section 2, I describe uncertainty
measures and discuss their link to credit frictions. In Section 3, I present the model
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setup. Section 4 presents the quantitative results and discusses the mechanism of
the model. Section 5 shows that the credit policy can stabilize the volatility of the
economy. Section 6 concludes.

2 Empirical Facts

This section describes the data construction and presents the stylized facts of micro
and macro uncertainty.

2.1 Data

The sample starts on January 1, 1963, and ends on December 31, 2019. Daily stock
returns are from CRSP. Quarterly firm balance sheet data are obtained from Com-
pustat. Moody’s seasoned BAA and AAA corporate bond yields are from Federal
Reserve Economic Data (FRED). The VIX index is from the Chicago Board Op-
tions Exchange (CBOE); the sample starts in January 1990 and ends in December
2019. The index is the implied volatility of the S&P 500 stock market index over
the next 30 days. The macro uncertainty measure of Jurado, Ludvigson, and Ng
(2015) is downloaded from Sydney Ludvigson’s website. Annual industry-level
TFP is from the NBER-CES Manufacturing Industry Database from 1958 to 2011.
Monthly industrial production data are obtained from the website of the Federal Re-
serve Board between 1972 and 2019. All macroeconomic quantities, such as GDP,
consumption, and investment, are obtained from the Bureau of Economic Analysis.

2.2 Uncertainty Measures

Micro uncertainty Four measures of micro uncertainty are considered. They
are based on firm-level returns, sales growth, industry-level productivity, and indus-
trial production, respectively.

There are common risk factors in firm-level returns. If firms have different levels
of exposure to them, the return dispersion can be high mechanically when common
risk factors are more volatile. To avoid the impact of common risk factors, I com-
pute the return-based micro uncertainty measure from the idiosyncratic component
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only. For each month m, I first remove the common factors by regressing firm-level
daily returns on the Fama-French five factors FFF t ,

Ri,t−R f
t = αi +βββ

′
iFFF t + εit , (1)

where t denotes an observation made at day t in a given month m. The residual εit

is the idiosyncratic component of returns.4

Then, return-based micro uncertainty is the cross-sectional standard deviation
of idiosyncratic stock returns (ICSV),

ICSVt =

√√√√ Nt

∑
i=1

1
Nt

(εi,t− ε̄t)2,

where ε̄t is the mean of idiosyncratic returns of all stocks at day t and Nt is the
total number of stocks at day t. To construct the monthly measure of ICSV, I take
the average of the daily ICSV measure over total days Dm in month m, ICSVm =

1
Dm

∑
Dm
t=1 ICSVt .5

Another firm-level micro uncertainty measure is the interquartile range (IQR)
of firm-level year-on-year sales growth rates IQR(∆Sales). It is computed at a
quarterly frequency. Following Bloom (2009), I only consider firms with more than
150 quarters of data in the Compustat quarterly accounts.

Finally, I consider the cross-sectional standard deviation of TFP CSV (T FP)

constructed from the NBER-CES Manufacturing Industry Database. The data are
at an annual frequency, and industries are classified at the four-digit SIC code level.
Additionally, I also compute the interquartile range of industrial production growth
rates across different industries IQR(∆IP) as another micro uncertainty measure.

4The estimation is performed on the S&P 500 constituents. Instead of Fama-French five factors,
I also use the first 10 and 15 principal components of the cross section of stock returns within each
month m to construct idiosyncratic returns, and the results remain quantitatively similar. All results
are available upon request.

5The way I construct the idiosyncratic component of returns is similar to Herskovic et al. (2016).
Their common idiosyncratic volatility measure captures the time-series variations in the average
idiosyncratic volatility at the firm level. However, in my study, the ICSV measure captures the
cross-sectional variations in the idiosyncratic return component.
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Macro uncertainty For macro uncertainty, I use three measures. The first
one is the VIX index, which represents the market expectation of the S&P 500
index return volatility over the next 30 days. It is widely used as a measure for
macro uncertainty, as in Bloom (2009, 2014). The second measure is the standard
deviation of the daily S&P 500 index returns. The third one is the macro uncertainty
measure JLN from Jurado, Ludvigson, and Ng (2015), which captures the one-
period-ahead expected uncertainty.

Figure 1: Uncertainty Measures and the Credit Spread
This figure shows the quarterly time-series plots of uncertainty measures and the credit spread. All
variables are standardized. Gray bars indicate NBER recessions.
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Figure 1 shows the time series graph of uncertainty measures and the credit
spread. The credit spread is the difference between the BAA and AAA corpo-
rate bond yields. The shaded areas indicate NBER recessions. Notice that both
micro and macro uncertainty rise sharply during recessions. The correlation be-
tween micro and macro uncertainty measures is also strong outside the recessions.
Additionally, the credit spread fluctuates with both micro and macro uncertainty
measures.

Table 1 shows that the selected micro and macro uncertainty measures are
highly correlated. Additionally, all uncertainty measures negatively correlate with
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Table 1: Correlations of uncertainty with other variables
This table reports the correlations between different uncertainty measures and the credit spread, as
well as the GDP growth rate. All variables are at an annual frequency. If a variable is available at a
higher frequency, I take the annual average. The sample starts in 1963 and ends in 2019.

Panel A: Correlations between uncertainty measures

JLN V IX Vol(Mkt)

IQR(∆Sales) 0.33 0.75 0.54
(0.131) (0.111) (0.113)

CSV (T FP) 0.51 0.58 0.52
(0.120) (0.181) (0.117)

ICSV FF 0.22 0.62 0.63
(0.132) (0.168) (0.104)

IQR(∆IP) 0.76 0.64 0.31
(0.094) (0.132) (0.141)

Panel B: Correlations with GDP growth rate and credit spread

JLN V IX Vol(Mkt) IQR(∆Sales) CSV (T FP) ICSV FF IQR(∆IP)

∆GDP -0.67 -0.52 -0.52 -0.31 -0.53 -0.36 -0.55
(0.100) (0.241) (0.115) (0.131) (0.115) (0.126) (0.128)

Baa−Aaa 0.80 0.64 0.58 0.23 0.42 0.20 0.58
(0.080) (0.148) (0.110) (0.135) (0.125) (0.132) (0.120)

the GDP growth rate. We can also observe that the credit spread strongly corre-
lates with all uncertainty measures. This motivates me to link micro and macro
uncertainty through credit market frictions.

To summarize, micro and macro uncertainty measures are strongly correlated,
and both are countercyclical. These empirical results guide me to build a quan-
titative general equilibrium model with credit market frictions to understand the
dynamics of micro and macro uncertainty.
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3 The Model

This section presents a general equilibrium model with credit market frictions that
can reconcile the stylized facts of micro and macro uncertainty. I incorporate en-
dogenous growth and recursive preferences into the classic financial accelerator
model, as in Bernanke et al. (1999). I start by describing the household’s problem,
and then I present financial frictions faced by the entrepreneurs.

3.1 Household

Time is discrete and infinite. There is a continuum of identical households in this
economy. Each household consists of two types of family members: workers and
entrepreneurs. The composition of these two members is fixed. Workers supply
labor and return wages to the household. Each entrepreneur operates a firm and
transfers earnings back to the household. Thus, the household effectively owns the
firm that its entrepreneur operates. Within each family, there is perfect consumption
insurance, such that consumption decisions are made altogether by the household
head within the same household. The structure of the household follows the big
family concept of Gertler and Kiyotaki (2010) and Christiano et al. (2014). As will
become clear later, this big family concept allows borrowing and lending under the
representative agent framework.6

Households do not directly hold capital. They save through a risk-free asset, B f
t .

Its gross return is R f
t , which denotes the return from period t−1 to t. The risk-free

asset is traded among households themselves.
The households are equipped with recursive preferences, as in Epstein and Zin

(1989):

Ut =

(1−β

)
C

1− 1
ψ

t +β

(
Et [U

1−γ

t+1 ]
) 1− 1

ψ

1−γ


1

1− 1
ψ

, (2)

where β is the time discount rate, γ is the relative risk aversion, and ψ is the in-
tertemporal elasticity of substitution. Let Ct denote the household’s consumption,

6Instead of the big family concept, one can specify the entrepreneurs to be distinct households
who maximize their lifetime utility, as in Bernanke et al. (1999).
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and Wt the wage rate for workers. To keep the problem simple, I assume households
do not value leisure in their utility, and thus the workers supply labor inelastically.
Entrepreneurs and capital goods producers transfer Πt amount of earnings to the
household.

The household chooses consumption and the risk-free asset to maximize its
utility subject to the following budget constraint:

Ct +B f
t+1 = R f

t B f
t +WtLt +Πt . (3)

Let Mt,t+1 denote the stochastic discount factor implied by the household’s op-
timization problem,

Mt,t+1 = β

(
Ct+1

Ct

)− 1
ψ

 Ut+1

Et [U
1−γ

t+1 ]
1

1−γ

 1
ψ
−γ

. (4)

The optimal condition of the risk-free asset is

Et [Mt,t+1]R
f
t+1 = 1. (5)

3.2 Final Goods Producers

There is a continuum of islands, indexed by j, where j ∈ [0,1]. On each island,
there is a representative firm and an entrepreneur. All firms on different islands are
producing the same final consumption goods with identical constant returns to scale
Cobb-Douglas technology. Labor is perfectly mobile across firms and islands, while
capital is island-specific. Each firm j produces final output Y j

t using the following
production function:

Y j
t = Āt(ω

j
t K j

t )
α(L j

t )
1−α ,

where α is the capital share, Āt is the aggregate productivity shock, K j
t denotes the

amount of capital used by the firm, and L j
t is labor input.

The idiosyncratic shock ω
j

t affects the efficiency units of capital on island j.
The idiosyncratic shock transforms capital K j

t into efficiency units ω
j

t K j
t . The id-

iosyncratic shock can also be interpreted as the technology used by entrepreneurs
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for operating capital, and it captures how efficient the entrepreneurs are at running
a business. The shock ω

j
t is a random variable drawn from a log-normal distribu-

tion. It is independent across time and islands, and it has a mean of unity and a
standard deviation of vt . I allow vt to be time-varying. It is essentially the same as
the risk shock concept in Christiano, Motto, and Rostagno (2014). It controls the
cross-sectional dispersion of idiosyncratic shock ω

j
t . I assume the dispersion of the

idiosyncratic shock in period t +1, vt , is observed at the end of period t, such that
every agent in this economy knows the distribution of idiosyncratic shocks at the
beginning of period t + 1 before making choices. The log of vt follows an AR(1)
process. I use Ft(·) to denote the cumulative density function and use ft(·) as the
probability density function of the idiosyncratic shock at period t.

Since labor is perfectly mobile, the wage rate is identical across all firms in this
economy. Firms maximize their profits at time t by choosing labor L j

t ,

max
L j

t

Y j
t −WtL

j
t .

The optimality condition is ω
j

t K j
t

L j
t

=
[

Wt
Āt(1−α)

]1/α

, which means that the efficiency
unit of the capital-to-labor ratio is the same across all islands. Firm j’s profits on is-

land j are then given by Y j
t −WtLt =ω

j
t MPKt ·K j

t , where MPKt ≡αĀt

[
(1−α)Āt

Wt

]1/α−1

is the marginal product of effective capital.

Endogenous growth Additionally, following the argument of learning by do-
ing, as in Romer (1990), I assume that aggregate productivity is augmented by the
aggregate stock of capital Kt ,

Āt = AtK1−α
t , (6)

where the log of At follows an AR(1) process. Under the assumption that labor
is inelastic, the aggregate output is indeed Yt = ĀtKα

t = AtKt . As the economy is
accumulating capital, the aggregate growth rate along the balanced growth path is
the growth rate of capital, ∆Kt , which is very persistent. We can directly see that as
long as micro uncertainty affects capital accumulation, it will affect the economy’s
growth rates. Additionally, together with recursive preference, it provides the long-
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run risks channel, as in Bansal and Yaron (2004). More importantly, it facilitates the
amplification of aggregate shocks through credit frictions, which helps the model to
match the strong correlation between micro and macro uncertainty quantitatively.
The role of endogenous growth will be discussed more extensively in Section 4.4.

3.3 Capital Goods Producers

At the end of period t, capital goods producers purchase It amount of consumption
goods and transform them into Λ

(
It
Kt

)
amount of new capital goods. They also

repair depreciated capital. Then they sell both the newly produced and repaired
capital at price qt . I assume all markets visited by capital goods producers are per-
fectly competitive, and therefore capital price qt is the same for all agents in this
economy. The production technology of the capital goods producers is constant re-
turns to scale, which resembles the adjustment cost function, as in Jermann (1998).7

The households own capital goods producers, and the optimization problem is

max
It

Et

∞

∑
t=τ

Mt,τ

{
qτΛ

(
Iτ

Kτ

)
Kτ − Iτ

}
,

where Iτ and Kτ are the aggregate investment and capital stock of the economy in
period τ . The optimality condition with respect to investment gives the marginal q,
which is the price of capital in this economy,

qt =

[
Λ
′
(

It
Kt

)]−1

.

As in Gertler and Kiyotaki (2010), profits can only arise outside the steady state,
and they are transferred to households as a lump-sum payment. By repairing de-
preciated capital and supplying newly produced capital, the evolution of aggregate
capital is given by

Kt+1 = (1−δ )Kt +Λ

(
It
Kt

)
Kt ,

7The specification is Λ

(
It
Kt

)
= a1

1−1/ξ

(
It
Kt

)1−1/ξ

+a2, where ξ is the elasticity parameter.
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where δ is the capital depreciation rate. Note that the capital goods producers are
the only agents accumulating capital.

3.4 Entrepreneurs and Creditors

On each island j, there is an entrepreneur indexed by j, who operates the repre-
sentative firm j on this island. At the end of each period t, entrepreneur j holds a
certain amount of net worth N j

t . She decides the amount of capital that she wants
to carry into period t +1 and purchases capital K j

t+1 from the perfectly competitive
capital goods market at the market price qt . She uses her net worth N j

t and exter-
nally borrowed loan B j

t+1 to finance this purchase. Therefore, her budget constraint
at the end of period t is

qtK
j

t+1 = N j
t +B j

t+1. (7)

Note that entrepreneurs do not borrow from their own households.
After purchasing capital, entrepreneur j operates the firm on island j for produc-

tion. At the end of period t +1, she receives profits from this firm, ω
j

t+1MPKt+1 ·
K j

t+1, where ω
j

t+1 is the idiosyncratic shock. Indeed, since there is only one en-
trepreneur on island j, the shock to this island is effectively also a shock to en-
trepreneur j. Following Bernanke et al. (1999) and Gertler and Kiyotaki (2010), I
assume that after production takes place in period t + 1, the undepreciated capital
held by the entrepreneur, ω

j
t+1(1−δ )K j

t+1, must be liquidated in the capital goods
market at competitive price qt+1, and all new capital has to be purchased in the next
period from the capital goods producer. Therefore, the total amount of capital gain
for entrepreneur j in period t +1 is ω

j
t+1[MPKt+1 +qt+1(1−δ )]K j

t+1.
To simplify notation, I define

Rk
t+1 =

MPKt+1 +qt+1(1−δ )

qt
(8)

as the aggregate capital return on capital. Therefore, the capital gain, or the cash
flow, paid to entrepreneur j by operating capital in period t +1 is ω

j
t+1Rk

t+1qtK
j

t+1.
It is clear now that the idiosyncratic shock to the efficiency units of capital, ω

j
t+1, is

equivalent to an idiosyncratic shock to the cash flows paid to the entrepreneurs.

14



The creditor and the debt contract There is a representative creditor in this
economy. At the end of period t, each entrepreneur can enter a debt contract with
the creditor. The debt contract specifies the amount of debt B j

t+1 and also the nego-
tiated loan rate Z j

t+1. Note that both the loan rate Z j
t+1 and the amount of debt are

predetermined in period t. The realization of idiosyncratic shock is known only to
the entrepreneurs. The creditor can only observe the realization of an idiosyncratic
shocks at the expense of monitoring costs, ηω

j
t+1Rk

t+1qtK
j

t+1. It is optimal that the
costly monitoring only happens when borrowers cannot honor their debt. When
monitoring happens, the borrowers report their true states to the creditor.

After paying the debt obligations in period t +1, the net worth of entrepreneur
j becomes

N j
t+1 = ω

j
t+1Rk

t+1qtK
j

t+1−Z j
t+1B j

t+1, (9)

where N j
t+1 is the net worth in period t + 1 after debt repayment. When an en-

trepreneur experiences a sufficiently low idiosyncratic shock, ω
j

t+1 ≤ ω̄
j

t+1, such
that the net worth is not enough to repay the debt obligations, she declares default.
The cutoff value of default for idiosyncratic shock ω̄

j
t+1 can be determined by

ω̄
j

t+1qtRk
t+1K j

t+1 = Z j
t+1B j

t+1. (10)

Note that the cutoff ω̄
j

t+1 is known in period t + 1 and is contingent on the
aggregate capital return Rk

t+1.
The no-arbitrage condition for the creditor is

B j
t+1 = EtMt,t+1

[
(1−η)Rk

t+1qtK
j

t+1

∫
ω̄

j
t+1

0︸ ︷︷ ︸
default

ωdFt(ω)+Z j
t+1B j

t+1 [1−Ft(ω̄
j

t+1)]︸ ︷︷ ︸
non-default

]
.

(11)
The no-arbitrage condition states that the value of the debt B j

t+1 equals the dis-
counted payoff tomorrow from making loans to the entrepreneurs. The creditor
uses the stochastic discount factor of the household Mt,t+1 to discount future pay-
offs. The first term on the right-hand side represents the revenues collected from
defaulted entrepreneurs. It is net of creditors’ monitoring costs, which is η fraction
of the remaining asset value of the defaulted entrepreneurs. The second term is the
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debt repayment from the entrepreneurs with ω
j

t+1 ≥ ω t+1. By making loans to the
continuum of entrepreneurs, the creditor holds a diversified portfolio.

Entrepreneur’s optimization problem After the default decision is made, a
1−λ fraction of non-default entrepreneurs is liquidated, and their net worth is trans-
ferred to their household head. Since the household makes the consumption deci-
sion for all members within the same household, entrepreneurs should also value
their net worth using the same stochastic discount factor as the household. Let V j

t

denote the value function of entrepreneur j. The Bellman equation reads

V j
t (N

j
t ) = max

K j
t+1,ω̄

j
t+1

EtMt,t+1

∫
∞

ω̄
j

t+1

[
{λV j

t+1(N
j

t+1)+(1−λ )N j
t+1}

]
dFt(ω) (12)

and is subject to flow budget constraints (7) and (9); additionally, the creditor’s valu-
ation of debt (11) has to be respected. The first term on the right-hand side indicates
that entrepreneur j continues to operate the capital with probability λ and therefore
receives the continuation value V j

t+1(N
j

t+1). The second term represents that con-
ditional on being liquidated with probability 1−λ , she transfers the remaining net
worth N j

t+1 to the household. The liquidation assumption makes the entrepreneurs
less patient than the households. Hence, the entrepreneurs always borrow from the
households. Otherwise, the infinite living entrepreneurs may save enough net worth
and no longer need to borrow.

By taking prices as given, the objective function (12) and constraints (7), (9),
and (11) are all linear, and therefore the value function V j

t must be a linear function
of the state variable, net worth N j

t .8 I conjecture that V j
t (N

j
t ) = µ

j
t N j

t , where µ
j

t is
the marginal value of net worth for entrepreneur j.

I rewrite the optimization problem of the entrepreneur by plugging in equations
(7), (9) and, (10). By observing that all equations are homogeneous of degree
one with respect to net worth, I normalize all quantities by the state variable N j

t

and define the leverage of entrepreneur j as φ
j

t ≡
qtK

j
t+1

N j
t

. Then entrepreneur j’s

8See the discussions in Carlstrom et al. (2016).
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optimization problem can be written as

µ
j

t = max
φ

j
t ,ω̄

j
t+1

Et

[
Mt,t+1

∫
∞

ω̄
j

t+1

[λ µ
j

t+1 +(1−λ )]
(

ω− ω̄
j

t+1

)
Rk

t+1φ
j

t dFt(ω)

]
(13)

s.t. (φ j
t −1) = Et

{
Mt+1Rk

t+1φ
j

t

[
Γt(ω̄

j
t+1)−ηGt(ω̄

j
t+1)

]}
, (14)

where

Γt(ω̄
j

t+1)≡
∫

ω̄
j

t+1

0
ωdFt(ω)+ ω̄

j
t+1

∫
∞

ω̄
j

t+1

dFt(ω) =
[
1−Ft(ω̄

j
t+1)

]
ω̄

j
t+1 +Gt(ω̄

j
t+1),

Gt(ω̄
j

t+1)≡
∫

ω̄
j

t+1

0
ωdFt(ω). (15)

Let the variables without subscript j be the aggregate quantities. Then the evo-
lution of entrepreneurs’ aggregate net worth is

Nt+1 = λ (1−Γt(ω̄t+1))Rk
t+1qtKt+1 +(1−λ [1−Ft(ω̄t+1)])χqtKt+1, (16)

where 1−Γt(ω̄
j

t+1) is the expected share of earnings received by entrepreneurs.
The first term on the right-hand side is the total net worth of the entrepreneurs who
survived liquidation and default. The second term on the right-hand side represents
that the defaulted and liquidated entrepreneurs are replaced by an equal mass of
new entering entrepreneurs, carrying χqtKt+1 amount of initial net worth. The new
entering entrepreneurs are funded by the households to which they belong. Here, χ

is a rescaling parameter.

3.5 Competitive Equilibrium

A competitive equilibrium is a set of quantities for households {Ct ,B
f
t ,Lt}∞

t=0, quan-
tities for entrepreneurs {N j

t ,K
j

t ,B
j
t }∞

t=0, quantities for creditors {B j
t }∞

t=0, and prices
{qt ,Zt ,Rk

t ,R
f
t }∞

t=0, such that given prices, these quantities solve households’, cred-
itors’, and entrepreneurs’ optimization problems, firms maximize their profits, and
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markets clear. The final goods market clearing condition is

∫ 1

0
Y j

t d j−Dt = Ct + It , (17)

where Dt =ηGt(ω̄t+1)Rk
t+1qtKt+1 is the monitoring costs and j ∈ [0,1]. In equation

(17), aggregate output Yt net of the monitoring costs equals total consumption plus
investment.

3.6 Equilibrium Asset Pricing

Since the conditions faced by the entrepreneurs are ex ante identical, the optimiza-
tion problem characterized by equations (13) and (14) is independent of size. There-
fore, all entrepreneurs will choose the same leverage ratio φ

j
t = φt . Additionally,

when a creditor offers the debt contract, she does not know the idiosyncratic shock
received by each entrepreneur. Hence, she offers the same loan rate, Z j

t+1 = Zt+1,
to all entrepreneurs and also the same cutoff for default, ω̄

j
t+1 = ω̄t+1, for any en-

trepreneur j. Indeed, the creditor holds a fully diversified portfolio of bonds by
providing loans to entrepreneurs with different idiosyncratic shocks. If the optimal
ω̄

j
t+1 and φ

j
t are the same across entrepreneurs, so is the marginal value of net worth

µ
j

t = µt for any entrepreneur j.
By dropping the subscript j and solving for the optimization problem of en-

trepreneurs, the optimality conditions of entrepreneurs are

Et

[
M̃t,t+1

{
(1−Γt(ω̄t+1))Rk

t+1φt

}]
= 1, (18)

Et

[
M̃t,t+1Γ

′
t(ω̄t+1)

]
= Et

[
Mt,t+1(Γ

′
t(ω̄t+1)−ηG′t(ω̄t+1))

]
, (19)

where
M̃t,t+1 = Mt,t+1

λ µt+1 +1−λ

µt
. (20)

The stochastic discount factor of entrepreneurs M̃t,t+1 consists of two components.
One is the pricing kernel of the household, Mt,t+1. The other one is the intertem-
poral marginal rate of substitution of the entrepreneur’s net worth. The numerator,
λ µt+1+1−λ , is the ex post marginal value of net worth in period t+1. With prob-
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ability λ , entrepreneurs can receive continuation value. With probability 1−λ , net
worth is liquidated and transferred to the household. The denominator µt is the ex
ante marginal value of net worth at the end of period t.

Entrepreneurs are the only equity investors in this economy; therefore, their
pricing kernel will price equity returns. The equity in this economy is the net worth
held by the entrepreneurs, which is asset less debt. Hence, the aggregate return on
equity is

RE
t+1 =

∫ 1
0 N j

t+1d j∫ 1
0 N j

t d j
=

(1−Γt(ω̄t+1))Rk
t+1qtKt+1

Nt
= (1−Γt(ω̄t+1))Rk

t+1φt . (21)

Recall that 1−Γt(ω̄t+1) denotes the share of capital gains that goes to entrepreneurs.
Therefore, the equity return in this economy is a levered return of the entrepreneurs’
claim on the capital return. Leverage is defined as the asset-to-equity ratio, φt . I can
rewrite equation (18) to obtain the pricing equation of aggregate equity returns,

Et

[
M̃t,t+1RE

t+1

]
= 1. (22)

The equity return of firm j from period t to t +1 is given by

RE, j
t+1 =

N j
t+1

N j
t

=
ω

j
t+1qtRk

t+1K j
t+1−Z j

t+1B j
t+1

N j
t+1

= (ω
j

t+1− ω̄t+1)Rk
t+1φt , if ω

j
t+1 > ω̄t+1,

RE, j
t+1 = 0, if ω

j
t+1 ≤ ω̄t+1.

The above derivations take into account the equation for the default threshold, as
in equation (10). Note that the dispersion of equity returns depends not only on
the idiosyncratic shock but also on aggregate conditions, such as aggregate capital
return Rk

t , the default rate, and so on.
The risk-free asset and debt are priced by households’ stochastic discount factor,

as in equations (5) and (11).
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3.7 Uncertainty Measures in the Model

The model is solved and simulated at a monthly frequency. In order to compare
the moments from the data and the model, I construct micro and macro uncer-
tainty measures based on monthly data for both the empirical data and the model-
simulated data.

Micro uncertainty In the model, I construct the micro uncertainty measure
as in Section 2.2, which is defined as the cross-sectional standard deviations of
the equity return residuals of factor regressions. By looking only at the dispersion
of residuals, this micro uncertainty measure is able to mitigate the effects from
aggregate fluctuations of common factors. Using model-simulated monthly data, I
obtain residuals from the following regression within each year.

RE, j
t −R f

t = α
j +β

j(RE
t −R f

t )+ ε
j

t ,

where RE, j
t −R f

t is the individual firm excess equity return and RE
t −R f

t is the market
factor in the model.

After I obtain the residuals, for each month t, I calculate the cross-sectional
standard deviation of these residuals, and then I compute the micro uncertainty of
the model,

ICSVt =

√√√√ Nt

∑
i=1

1
Nt

(ε
j

t − ε̄t)2.

Additionally, I compute the interquartile range of firm-level sales growth IQR(∆Sales)

as another measure of micro uncertainty for the model.

Macro uncertainty Macro uncertainty is defined as the volatility of the ag-
gregate equity returns σ(RE) at an annual frequency. It is computed as the standard
deviation of 12-month aggregate equity returns within a year. Additionally, I cal-
culate the volatility of aggregate investment growth rates σ(∆i) within each year
using quarterly data.
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4 Quantitative Analysis

In this section, I show the quantitative results of the model. First, the parameter
choices are described. Second, I show the model’s performance in terms of match-
ing the moments of macroeconomic quantities and asset prices. Afterward, I show
that the model can quantitatively explain the comovement between micro and macro
uncertainty and their countercyclicality observed in the data. Then the mechanism
of credit frictions and endogenous growth in this model is discussed extensively.
Finally, I show that the data support the empirical predictions of the model.

4.1 Calibration

The model is calibrated at a monthly frequency. The choice of parameters and the
corresponding moments are shown in Table 2. There are three blocks of parame-
ters. The first block contains the household’s preference parameters. The relative
risk aversion γ is set to 5, and the intertemporal elasticity of substitution ψ is set to
1.5, in line with the long-run risks literature, as in Bansal and Yaron (2004). The
second block contains the parameters related to production and entrepreneurs. Cap-
ital share α is set to 0.33, and the capital depreciation rate is 6% per annum. These
parameters are in line with the real business cycle (RBC) literature. The capital
adjustment cost parameter ξ is set to 2 in order to match the volatility of the invest-
ment growth rate. The probability of an entrepreneur surviving after liquidation is
set to λ = 0.99, which implies an average 10-year corporate duration, as in Gertler
and Kiyotaki (2010). The monitoring costs parameter η is set to 0.38, in line with
Bernanke et al. (1999) and Gomes and Schmid (2021). The steady-state value of
the standard deviation of the idiosyncratic shock v̄ is set to 0.22. Together, these
parameters jointly determine the steady-state leverage φ = 2 and the investment-to-
output ratio of 0.2. The parameter that controls the initial net worth of new entering
entrepreneurs χ = 0.17 is implied from the other parameters.

The last block contains shock parameters. The idiosyncratic shocks to islands
follow a mean-preserving spread logω

iid∼ N(
−v2

t
2 ,vt), as in Christiano et al. (2014).
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Table 2: Benchmark Calibration: Monthly Frequency

Parameter Symbol Values

Discount rate β 0.999
Relative risk aversion γ 5
IES ψ 1.5

Capital share in production α 0.33
Depreciation rate of capital δ 0.06/12
Investment adjustment cost ξ 2
Entrepreneur survival rate λ 0.99
Monitoring costs η 0.38
Equity injection to new entrepreneurs χ 0.17
Average volatility of idiosyncratic shock v̄ 0.22

Persistence of TFP ρA 0.992
Std of TFP shock σA 0.007
Persistence of dispersion ρv 0.988
Std of dispersion shock σ v 0.020

The evolution of TFP shocks and the shocks to dispersion vt are given by

log(At) = ρ
A log(At−1)+σ

A
ε

A
t , ε

A
t

iid∼ N(0,1),

log(vt)− log(v̄) = ρ
v(log(vt−1)− log(v̄))+σ

v
ε

v
t , ε

v
t

iid∼ N(0,1).

The two shocks εA
t and εv

t are independent from each other.9 This assumption
helps me to perform a clean exercise that financial frictions can endogenously drive
the correlation between micro and macro uncertainty. For TFP shocks, ρA and σA

are set to match the autocorrelation and volatility of output, respectively. For pa-
rameters governing the idiosyncratic shocks, ρv = 0.988 and σ v are roughly in line
with Christiano et al. (2014). The model is solved using the third-order perturbation
method.

9One may argue that if the aggregate TFP contains a stochastic volatility process, and it positively
correlates with the dispersion of idiosyncratic shocks, then macro and micro uncertainty are corre-
lated by the correlation structure of the shocks alone. However, in the data, the correlations between
the volatility of aggregate TFP and various dispersion measures are statistically insignificant.
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4.2 Quantitative Performance of the Benchmark Model

This section presents the overall performance of the benchmark economy. I simu-
late the model at a monthly frequency and report the moments of annualized vari-
ables. I first simulate the model for 200 years and then simulate a panel of 5,000
firms, which is roughly the number of firms listed in CRSP every year. I repeat the
whole simulation 100 times. Table 3 reports moments of the simulated data versus
the corresponding moments computed from empirical data.

Aggregate quantities and prices The top panel of Table 3 reports the mo-
ments of macroeconomic quantities, such as the volatility and persistence of output,
consumption, and investment growth rates. The data simulated by the benchmark
model are broadly consistent with the aggregate moments computed from the data.
The middle panel reports the moments of asset prices. The moments computed
from the benchmark economy are broadly in line with the empirical data. The large
equity premium comes from three channels: first, the long-run risks channel in-
troduced by endogenous growth and recursive preferences; second, the marginal
investors of equity, the entrepreneurs, have a more volatile stochastic discount fac-
tor; third, the entrepreneurs discount the future more heavily because of their prob-
ability of exiting the economy, which also contributes to the spread between the
equity return and the risk-free rate. I will discuss the economic mechanism more in
Section 4.3.

Dynamics of uncertainty The bottom panel of Table 3 shows the correla-
tions between micro and macro uncertainty measures and their cyclical properties.
The micro uncertainty measure ICSV reported in the columns headed “Data” and
“Benchmark” in Table 3 is computed following exactly the same procedure. The
only difference is that in the “Data” column, the factors used are the Fama-French
five factors. In the model-simulated data, only the market factor can be controlled
for. The benchmark model also successfully generates the countercyclicality of
micro and macro uncertainty.

The correlation between micro and macro uncertainty, corr(σ(RE
t ), ICSVt), is

0.59, which is consistent with the data. As a robustness check, I compute the condi-
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Table 3: Model Simulations
This table compares the simulated moments of models with endogenous and exogenous growth.
The statistics of macro quantities in the data are computed from annualized variables. The micro
uncertainty measure ICSV is the cross-sectional standard deviation of equity return residuals from
factor regressions. In the model-simulated data, the factor used is the market return. In the empirical
data, the factor model is the Fama-French five-factor model. The macro uncertainty is the volatility
of market excess returns, computed using monthly returns within each year. Moments in the column
labeled “Data” are computed from the empirical data. Moments in column labeled “Benchmark” are
computed from the benchmark model. The column labeled “Endo+CRRA” presents the moments
of a model with endogenous growth and CRRA preferences. The column labeled “Exo+EZ” shows
the result from a model with exogenous growth and recursive preferences. The column labeled
“Exo+CRRA” presents the moments from a model with exogenous growth and CRRA preferences.
I also show the parameters for the utility function of each model specification. I also report the 95%
confidence intervals from the repeated model simulations for the correlations reported in the bottom
panel.

Endogenous Growth Exogenous Growth

Benchmark Endo+CRRA Exo+EZ Exo+CRRA

Data γ = 5,ψ = 1.5 γ = 1/ψ = 2 γ = 5,ψ = 1.5 γ = 1/ψ = 5

σ(∆y) 2.20 2.20 2.13 2.18 2.18
σ(∆c) 1.71 2.15 2.05 1.97 1.45
σ(∆i) 8.73 5.20 2.84 5.17 5.64
AC1(∆c) 0.31 0.27 0.24 -0.04 -0.02
corr(∆y,∆c) 0.83 0.97 1.00 0.94 0.99
corr(∆y,∆i) 0.81 0.62 0.90 0.70 0.95
corr(∆c,∆i) 0.70 0.44 0.87 0.43 0.90

E[RE −R f ]% 7.33 7.62 2.00 3.12 3.25
σ(RE −R f )% 17.42 7.91 3.75 4.02 4.54
E[R f ]% 1.17 2.83 5.67 1.78 1.56
σ(R f )% 0.89 0.73 0.64 0.42 1.19
E[Z−R f ]% 0.96 0.54 0.13 0.22 0.21
σ(Z−R f )% 0.44 0.61 0.16 0.22 0.19
E[F ]% 2.22 1.20 0.31 0.52 0.50
σ(F)% 1.35 1.54 0.43 0.59 0.49

corr(σ(RE), ICSV ) 0.63 0.59 0.36 0.49 0.17
95% C.I. [0.46, 0.66] [0.23, 0.46] [0.39, 0.58] [0.01, 0.29]
corr(∆y,σ(RE)) -0.48 -0.35 -0.19 -0.09 -0.11
95% C.I. [-0.44, -0.25] [-0.29, -0.08] [-0.22, 0.04] [-0.23, -0.02]
corr(∆y, ICSV ) -0.36 -0.29 -0.15 -0.05 -0.07
95% C.I. [-0.40, -0.16] [-0.28, -0.01] [-0.14, 0.06] [-0.17, 0.04]
corr(Z−R f ,σ(RE)) 0.58 0.72 0.42 0.61 0.34
95% C.I. [0.60, 0.78] [0.28, 0.57] [0.51, 0.71] [0.19, 0.46]
corr(IQR(∆Sales),σ(∆i)) 0.40 0.30 0.25 0.31 0.15
95% C.I. [0.18, 0.41] [0.11, 0.36] [0.21, 0.46] [0.00, 0.27]
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tional variance of the model-simulated market excess return RE
t using a GARCH(2,2)

model. The correlation between the conditional variance of RE
t and micro uncer-

tainty ICSV is 0.38.
As we can observe from Table 3, the moments of the benchmark economy are

very close to the empirical data in terms of macroeconomic quantities (upper panel),
asset prices (middle panel), and uncertainty measures (bottom panel). By compar-
ing different model specifications, we can make several observations. First, if en-
dogenous growth is removed, as in column “Exo+EZ,” micro uncertainty ICSV and
macro uncertainty σ(RE) are no longer countercyclical. This is because endoge-
nous growth allows dispersion to affect the growth rates of output through capital
accumulation. In an exogenous growth model, this channel is absent. Second, if
recursive preferences is removed, as in column “Endo+CRRA,”10 the correlation
between micro and macro uncertainty corr(σ(RE), ICSV ) is largely reduced. The
intuition is that recursive utility allows a higher IES, which makes the intertem-
poral substitution effect stronger. The representative household finds it optimal to
drop investment by a significant amount upon an increase in dispersion.11 Finally,
column “Exo+CRRA” corresponds to the model specification of Bernanke et al.
(1999). It implies negligible comovement and countercyclicality of uncertainty.

Additionally, Table 3 also reports the uncertainty measures computed from
real quantities. The benchmark economy delivers a 30% correlation between the
volatility of investment growth rates and the interquartile range of sales growth
corr(IQR(∆Sales),σ(∆i)), roughly in line with the data. In comparison to an econ-
omy with exogenous growth and CRRA utility (column “Exo+CRRA”), in which
households have a relatively low IES, and meanwhile dispersion shock cannot affect
growth rates, the correlation corr(IQR(∆Sales),σ(∆i)) is no longer significant.

Furthermore, I also compare the variation in market volatility explained by mi-
cro uncertainty, which is computed as the R-squared by regression σ(RE

t ) on ICSV .
In the benchmark economy, around 36% of the variation is explained by micro

10The specification “Endo+CRRA” sets γ = 1/ψ = 2. Otherwise, the corresponding steady state
leverage and dispersion are too far away from the specification “Endo+EZ.”

11Note that entrepreneurs transfer profits back to the household to which they belong to. There-
fore, the ultimate decision of investment is determined by the intertemporal choices of the represen-
tative household.
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uncertainty, which is close to 40% in the data. However, for alternative model spec-
ifications, the variation explained is 8% for “Endo+CRRA” and 26% for “Exo+EZ.”
Specification “Exo+CRRA” has the lowest variation explained, only 2.7%.

4.3 Impulse Responses

In order to understand the role of endogenous growth and recursive preferences, I
present the impulse responses in Figure 2. The impulse response of a TFP shock is
omitted because it is well understood in the literature, as in Bernanke et al. (1999).
Therefore, I only focus on the impact of a dispersion shock. In period one, I intro-
duce a one-standard-deviation positive dispersion shock. The shock size is the same
for four specifications of the model: the benchmark model, endogenous growth with
CRRA preferences (Endo+CRRA), exogenous growth with recursive preferences
(Exo+EZ), and exogenous growth with CRRA preferences (Exo+CRRA).

The impact of dispersion shocks works through the debt contract in this model.
The return on equity resembles the payoff of an investor buying a European call
option. The payoff structure faced by the creditor mimics an investor writing a
European put option. When the dispersion of the idiosyncratic shock increases, the
riskiness of assets goes up, benefiting the equity holders at the expense of the debt
holders.

For models based on the framework of Bernanke et al. (1999), the impact on
creditors dominates. It means that when micro uncertainty is high, creditors cut the
credit supply, and investment falls.12 As shown in Figure 2, across all model specifi-
cations, when dispersion is high, investment growth ∆it and output growth ∆yt both
drop. However, investment drops much more than output. Therefore, consump-
tion has to grow to clear the final goods market.13 As asset price q is essentially
Tobin’s marginal qt , it drops as investment falls. A high level of dispersion makes

12In some models, the Oi-Hartman-Abel effect may emerge, meaning that an increase in the
dispersion can strongly expand the good outcomes. Thus, the overall effect of an increase in firm-
level volatility could be expansionary. In the costly state verification contract, as in Bernanke et al.
(1999), the effect of dispersion shocks is contractionary.

13In this model, the magnitude of the TFP shock is large enough such that when both TFP and dis-
persion shocks exist, the effects of the TFP shock dominate, and hence consumption and investment
positively comove.
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Figure 2: Impulse Responses
This figure plots the impulse responses with respect to a one-standard-deviation positive shock to
dispersion. The shock is introduced at period 1. One period is a month. The impulse responses are
computed from 200 repeated simulations.
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more firms have low productivity, making more of them likely to default, and thus
the default probability Ft and credit spread Zt −R f

t increase. The consequence of
default is that the net worth of those firms will be wiped out of the economy. As
a result, the overall leverage φt increases. The stochastic discount factor (SDF) of
entrepreneur M̃t,t+1 rises a lot upon a dispersion shock, because lots of variations
in the entrepreneur’s SDF come from the marginal valuation of net worth µt . When
a contractionary dispersion shock hits, an additional unit of net worth is extremely
valuable because it can provide additional funds for entrepreneurs to avoid default.

The impulse responses for other variables are qualitatively similar. The only
difference is the household’s SDF Mt,t+1: the benchmark model implies that Mt,t+1

should increase upon a dispersion shock, which negatively covaries with qt . The
other specifications imply the opposite. This is because the dispersion shock be-
comes a long-run growth rate shock by affecting endogenous growth rates. Addi-
tionally, when agents prefer an early resolution of uncertainty, the response of the
continuation value component of the household’s SDF dominates the consumption
growth component. The overall effect is that the household’s SDF Mt,t+1 increases.

4.4 Amplification Effects of Risk Premium

The quantitative results indicate that augmenting the financial accelerator model
with endogenous growth and recursive preferences is crucial for the quantitative
performance of the model. This section discusses that these two elements introduce
a large risk premium through the long-run risks mechanism, strengthening the shock
amplification effects of financial frictions. As a result, the volatility of the aggregate
economy is more responsive to dispersion fluctuations.

The shock amplification works through the credit market frictions, and the key
variable is the asset price (marginal q). On the one hand, asset prices determine
the resources available for the entrepreneurs to pay back their debt obligations.
When the asset prices fall, less asset value is available for entrepreneurs to pay
back their debt, and hence the default is more likely to happen. On the other hand,
asset prices also affect the creditors’ residual claim upon entrepreneurs’ default.
Lower asset prices make entrepreneurs and creditors worse off upon an increase
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in dispersion. More defaults happen, and the credit supply and investment shrink,
resulting in even lower asset prices. A strong risk premium channel allows asset
prices to respond more to dispersion shocks. The reactions of entrepreneurs and
creditors to dispersion shocks will be much stronger. Thus, leverage increases more,
and the aggregate volatility of the economy will rise more.

In the benchmark economy, dispersion shocks affect the risk premia through
an endogenous long-run risks channel. Endogenous growth allows innovations to
dispersion to persistently affect the growth rates through capital accumulation. To-
gether with the assumption that agents prefer an early resolution of uncertainty, the
dispersion shocks introduce the long-run risks mechanism into the economy, which
drives up the risk premium. As shown in Figure 2, this channel allows asset prices
and leverage to become more responsive to dispersion shocks, which helps to am-
plify the shock amplification effects of credit market frictions. Therefore, aggregate
volatility varies strongly with dispersion.

4.5 Empirical Evidence

The key intuition of the model is that an increase in micro uncertainty leads to more
default, increasing the aggregate leverage. As a result, the aggregate economy be-
comes more volatile. This section provides empirical evidence about this economic
channel.

To show the impact of micro uncertainty on market leverage empirically, I es-
timate a VAR consisting of the following variables: the log of real investment i;
the log of real consumption ct ; the log of real GDP yt ; micro uncertainty CSV FF

t ;
the credit spread is the difference between the BAA and AAA rated bond index
zt − r f

t ; the log market leverage φt ; and aggregate stock market volatility σ(Rt).
The market leverage is constructed in the same way as in the model. It is the total
market capitalization plus the total debt over total market capitalization. I adopt a
standard recursive ordering, as in Gilchrist et al. (2014), such that shocks to micro
uncertainty have an immediate impact on the credit spread, market leverage, and
aggregate market volatility, but they affect macroeconomic quantities with a lag.

As shown in Figure 3, an increase in micro uncertainty is followed by a rise
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Figure 3: Impulse Responses in the Data
This figure plots the impulse responses of selected variables to an orthogonalized one-standard-
deviation positive shock to micro uncertainty CSV FF

t . The shaded bands represent the 95% confi-
dence intervals calculated from 1,000 bootstrap replications.
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in market leverage. Meanwhile, the credit spread also increases. The results are
consistent with the impulse responses from the model, as presented in Figure 2.
This empirical evidence provides strong support for the key model mechanism that
heightened micro uncertainty leads to higher leverage.

5 Policy Implications

The model implies that micro uncertainty can translate into fluctuations in macro
uncertainty through credit market frictions. It can serve as a laboratory to study
policies that aim to stabilize aggregate volatility. I show that if the government
can inject equity to prevent firms from going bankrupt during heightened micro
uncertainty, the net worth destruction will be less severe, and aggregate leverage
and volatility will rise less. This policy implication is very different from an econ-
omy in which an exogenous aggregate stochastic volatility shock drives aggregate
volatility. It implies that the government cannot use policy instruments to smooth
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aggregate volatility.14

5.1 Credit Policy

I assume the government can directly inject equity into the corporate sector, as in
Gertler and Kiyotaki (2010).15 However, entrepreneurs may default on their debt,
which has higher seniority than equity. In case of default, the equity invested by the
government receives zero payoffs. The sequence of events that happen within each
period is described below.

At the beginning of period t+1, given privately owned net worth Nt , entrepreneurs
choose the optimal demand of asset qtKt+1 for period t+1. Meanwhile, the govern-
ment chooses to finance this capital purchase by injecting NG

t amount of equity into
the entrepreneurs. After receiving this equity injection, entrepreneurs decide the
amount of debt to borrow Bt+1. They optimally choose capital Kt+1 and debt Bt+1

according to equation (12). The balance sheet of entrepreneurs at the beginning of
period t +1 is

qtKt+1 = Nt +Bt +NG
t . (23)

I assume equity injected by the government is proportional to the entrepreneurs’
total asset value, NG

t = ϕtqtKt+1. After production takes place, entrepreneurs first
pay back the creditors. Their balance sheet before making any payment to the gov-
ernment evolves according to equation (9). When entrepreneurs optimally choose
capital Kt+1 and debt Bt+1, they take into account that the cutoff value of default
for idiosyncratic shock ω t+1 becomes

ω t+1 =
Zt+1

Rk
t+1

(
1−ϕt−

1
φt

)
.

One can observe that if the government decides to intermediate more by increasing

14Suppose a stochastic volatility process is introduced in the aggregate TFP process in the bench-
mark economy. In that case, it will imply that an increase in aggregate volatility leads to an increase
in investment and a reduction in the credit spread. This is because of the precautionary saving effect:
the agents find it more optimal to save when aggregate volatility is high. Thus, investment increases,
and the asset price appreciates.

15One can interpret the corporate sector as a mixture of non-financial firms and banks.
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ϕt , the default cutoff becomes lower because the entrepreneurs effectively borrow
less from creditors when the government provides additional funding. Additionally,
the injected equity from the government provides insurance to the entrepreneurs
because it can be used to hedge against default.

The entrepreneurs who do not default on their debt will pay back Rk
t+1ϕtqtKt+1

to the government. For the entrepreneurs who default, the government receives zero
payment. Hence, the total payment to the government is

∫
∞

ωt+1
ωt+1Rk

t+1ϕtqtKt+1dFt(ωt+1).
After taking this additional payment to the government, the evolution of aggregate
net worth becomes

Nt+1 = λ

(
1−Γt(ω̄t+1)−ϕt

∫
∞

ωt+1

ωt+1dFt(ωt+1)
)

Rk
t+1qtKt+1+

(
1−λ [1−Ft(ω̄t+1)]

)
χqtKt+1.

The government finances its lending by issuing a government bond Bg
t , which

equals ϕtqtKt+1. The government bond demands the risk-free rate R f
t . The govern-

ment’s budget constraint is

Gg
t + τϕtqtKt+1 = Tt +

(
Rk

t

∫
∞

ωt

ωtdFt−1(ωt)−R f
t
)
Bg

t−1, (24)

where Gg
t is the government expenditure, which is assumed to be a constant frac-

tion of aggregate output, and Tt is the lump-sum tax on households. I assume the
government is less efficient than the creditors in terms of intermediating funds. The
government faces an efficiency cost of τ per unit of funds it supplies. Note that the
expected return on capital after considering default Et [Rk

t+1
∫

∞

ωt+1
ωt+1dFt(ωt+1)]

should be higher than the risk-free rate R f
t in equilibrium. Otherwise, entrepreneurs

would save in risk-free assets instead. The government expands its balance sheet
by lending to the corporate sector.

The final goods market clearing condition becomes

∫ 1

0
Y j

t d j−Dt =Ct + It +Gt + τϕtqtKt+1.

The credit policy is similar to that in Gertler and Kiyotaki (2010) and Gertler and
Karadi (2011). I assume that the government adjusts the fraction it intermediates in
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response to the credit spread,

ϕt = ν [(logZt+1− logR f
t+1)− (logZ− logR f )], (25)

where logZ− logR f is the credit spread in the steady state. Note that both the loan
rate Zt+1 and the risk-free rate R f

t+1 are predetermined in period t. The feedback
parameter ν is positive, implying that the central bank injects more equity into the
corporate sector when the spread is higher than its steady-state value.

5.2 Crisis Simulations and Policy Experiment

This section conducts a set of counterfactual experiments that help to quantify the
impact of the credit policy on stabilizing aggregate volatility. The analysis can shed
light on policies during recessions with heightened micro uncertainty, such as the
last financial crisis.

To perform quantitative exercises, I set the policy parameter ν to 3, which cor-
responds to a moderate intervention. The government expenditure Gg

t is fixed to
be 15% of the aggregate output, and the efficiency cost τ is set to 0.01%. These
parameters are broadly in line with Gertler and Karadi (2011).

The Impulse Responses Figure 4 compares the impulse responses of the bench-
mark economy with and without the credit policy. The red dashed line shows that
the credit policy can mitigate the impact of dispersion shocks on the credit spread
and market leverage. The economic intuition is that by injecting equity into the cap-
ital of entrepreneurs, the government can increase the total asset value of the private
sector and prevent net worth from dropping excessively. Therefore, firms are less
likely to default, and market leverage will rise less than it would in an economy
without this credit policy.

Crisis Simulation Figure 5 shows the simulated benchmark economy with and
without the credit policy. The simulations are performed at a monthly frequency.
GDP, the credit spread, and risk premia are time aggregated to an annual frequency.
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Figure 4: Impulse Responses with Credit Policy
This figure shows the impulse responses of the benchmark economy with and without the credit
policy.
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The stock market volatility is the standard deviation of monthly market excess re-
turns within each year. These two economies are simulated by feeding in the same
shock sequences: aggregate productivity and dispersion shocks. The exogenous
aggregate productivity log(At) is the detrended Solow residuals. The dispersion
vt is ICSV FF , as constructed in Section 2. The only difference between these two
economies is the credit policy. Therefore, the gap between the two sets of simulated
series can be interpreted as the impact of the credit policy.

First, the simulated benchmark economy (dash-dotted blue line) can describe
the behavior of the empirical data (solid black line) very well, despite only using
two exogenous shocks. In particular, the credit spread and risk premia rose sharply
during the last financial crisis.16 This is because the dispersion shock serves as the
main driver of the risk premium in the model economy. A variance decomposition
exercise shows that more than 80% of the variations in the credit spread and risk

16The empirical counterpart of risk premia is from Martin (2017), and only available between
1996 and 2012. This measure has a very high correlation with the VIX index.
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Figure 5: Historical and Model-Simulated Series
This figure compares the time series from the empirical data, benchmark model, and the model with
credit policy.
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premium come from dispersion shocks. Empirically, the risk premium and credit
spread rise when the dispersion shock is high. Therefore, the benchmark model can
describe the empirical data very well.

Second, I simulate the benchmark economy with the credit policy (dotted red
line), as described in Section 5.1. Figure 5 shows that both the credit spread and risk
premium rise much less during the financial crisis. Macro uncertainty, as measured
by stock market volatility, rises roughly 50% less than in the benchmark economy.
The results imply that the credit policy can effectively moderate the credit spread
and aggregate volatility.

5.3 Welfare and Growth Rates

This section considers the welfare gains from the credit policy. The welfare benefit
is calculated following Lucas (1987), and is measured in terms of the percentage
of lifetime consumption. As presented in Figure 6, the welfare gain in an econ-

Figure 6: Welfare Gains and Credit Policy
This figure shows the average welfare gains, consumption growth, investment rate, and leverage
across specification of ν .
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omy with exogenous growth (dashed red line) is tiny, a magnitude that is similar
in Lucas (1987). However, in an economy with endogenous growth and recursive
preferences (solid black line), the welfare gain can be substantial by increasing the
intensity of credit policy ν , up to 8%. This enormous welfare gain comes from the
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fact that the credit policy offers entrepreneurs more incentives to invest, as shown
in the middle panel. The high investment rates lead to higher endogenous growth
rates, up to 0.2% (right panel). It implies that the corresponding welfare gain can
be very high, two orders of magnitude larger than the welfare benefit calculated in
Lucas (1987).

6 Conclusion

This paper builds a general equilibrium model with credit market frictions such
that fluctuations in firm-level dispersion drive a significant amount of aggregate
volatility. The economic intuition is that an increase in dispersion pushes more
firms to the left tail of the productivity distribution, leading to more default and net
worth destruction. As a result, the economy is more levered and becomes more
volatile. The model successfully replicates the comovement between micro and
macro uncertainty, as well as their countercyclicality in the data.

Augmenting the model with endogenous growth and recursive preferences is
quantitatively important. These two elements allow micro uncertainty to signifi-
cantly affect the risk premium through an endogenous long-run risks mechanism.
The risk premium channel amplifies the impact of dispersion shocks, such that the
leverage and aggregate volatility respond more to fluctuations in dispersion.

The economic channel through which micro uncertainty can affect macro un-
certainty via credit market frictions leads to an important policy implication: the
central bank can stabilize the aggregate volatility of the economy by injecting eq-
uity into the corporate sector when the credit spread is high. This policy strengthens
firms’ financial conditions during heightened dispersion such that fewer firms will
default. Hence, the fluctuations in macro uncertainty that originate from micro un-
certainty are largely mitigated.
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