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Abstract

This paper presents new evidence on how the countercyclicality of excess returns
is driven by the interaction between the financial sector’s balance sheet conditions
and uncertainty shocks. Using a nonlinear specification of the local projection
method to estimate impulse response functions, I find that the effects of shocks to
various volatility indices—both on excess returns and real economic variables—are
amplified when the financial sector was under-capitalized prior to the shock. These
empirical findings are replicated by a macro-finance general equilibrium model that
incorporates an occasionally constrained financial sector as in Gertler and Karadi
(2011). The model introduces a novel source of uncertainty, modeled as a stochastic
component affecting the total external funding available to financial intermediaries.
When this “financial uncertainty” increases, it raises the likelihood that intermedi-
aries’ financial constraints will bind, triggering precautionary deleveraging. This,
in turn, leads to a surge in excess returns and a decline in economic activity, effects
that grow in magnitude as intermediaries’ capitalization weakens.
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1 Introduction
Periods of financial turmoil, often characterized by sharp increases in risk premia, are
typically accompanied by slowdowns in economic activity. This paper argues that a key
factor behind the countercyclical behavior of excess returns during such periods is the
interplay between the capitalization of the financial system and the time-varying volatility
of financial markets. The reason is that financial intermediaries, driven by a combination
of regulatory requirements and market pressures, are especially focused on maintaining
appropriate net worth-to-asset ratios. In fact, these financial constraints are considered by
many to have been a critical driver of the 2008 financial crisis. Therefore, faced with the
risk of a sharp decline in asset values relative to their net worth, intermediaries engage in
precautionary behavior when making investment decisions, and in particular they hedge
against balance sheet risks by reducing exposure to risky assets. This is especially true
when market volatility increases and balance sheet are deteriorated. This uncertainty-
induced precautionary deleveraging reduces demand for such assets, leading to higher risk
premia and lower real investment, which in turn brings about the contraction in economic
output.

In this paper, I present novel empirical evidence showing that financial uncertainty
shocks, as identified by Bloom (2009) and Ludvigson et al. (2021), exert stronger effects
when the financial sector’s aggregate balance sheet is in a weakened state in the period
leading to the shock itself. To estimate these effects, I use a local projection method
developed by Jordà (2005), which allows for a nonlinear analysis of impulse response
functions. These responses are conditional on the financial sector’s balance sheet quality,
measured by the percentage deviation from trend of the aggregate equity-capital ratio.
Periods of financial distress are defined as those in which this deviation is negative, since
it means that intermediaries are under-capitalized with respect to the time trend. The
results of the analysis show that when financial intermediaries are distressed prior to an
uncertainty shock, future stock excess returns rise on average by an additional 2 basis
points compared to the case of healthy financial sector balance sheet, and this effect tends
to be more persistent over time. Furthermore, the corporate bond premium, as calculated
by Gilchrist and Zakrajšek (2012), increases by 4 basis points in periods of distress,
whereas it remains relatively stable during periods of stronger capitalization. Finally,
real economic activity, as measured by the index of industrial production, declines more
significantly when the financial sector is under stress, with output falling by an additional
0.1 percentage points vis-à-vis the same shock hitting when the financial system is stable.

To rationalize these findings, I extend the standard Real Business Cycle (RBC) model
by incorporating a financial sector that is subject to frictions à la Gertler and Karadi
(2011). On top of the common macroeconomic uncertainty around Total Factor Pro-
ductivity (TFP), the model introduces a novel source of financial uncertainty: shocks to
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the external funding available to financial intermediaries. These funding shocks divert a
portion of household savings from (into) bank deposits into (from) government bonds.
This distinction between financial and macroeconomic uncertainty is crucial, as financial
uncertainty refers to shocks that primarily affect the financial sector, with only indirect
effects on the household’s budget constraint. The model shows that an increase in finan-
cial uncertainty causes intermediaries to engage in precautionary deleveraging, leading
to declines in investment and output while simultaneously raising excess returns on cap-
ital. These effects are magnified when the financial sector is already near its constraint,
highlighting the critical role of intermediaries’ precautionary behavior in amplifying the
economic consequences of uncertainty shocks.

The model is solved globally, allowing for occasional binding of the financial con-
straint. This allows me to generate state-dependent responses to uncertainty shocks.
Importantly, the model replicates the observed precautionary behavior of financial inter-
mediaries, who reduce their exposure to risky assets when uncertainty rises, particularly
when their capitalization was below average before the shock. These dynamics can only
be generated in the model when uncertainty shocks are financial in nature, as they di-
rectly affect intermediaries. Conversely, when uncertainty originates from macroeconomic
sources—such as increased TFP volatility—households respond by increasing precaution-
ary savings, which helps to offset the deleveraging pressures in the financial sector.

The distinction between financial and macroeconomic uncertainty is also reflected in
the empirical component of the paper. Ludvigson et al. (2021) were among the first to
emphasize this distinction, noting its importance for understanding the causal effects of
uncertainty shocks. Their work highlights the fact that financial uncertainty often serves
as a primary driver of business cycle fluctuations, while macroeconomic uncertainty tends
to emerge in response to real economic shocks. For this reason, I employ their financial
uncertainty index, ULMN

F , as a key variable in my analysis. Additionally, I use the VIX,
a widely recognized measure of financial uncertainty based on the dispersion of prices for
SP500 futures, spliced with its predecessor, the VXO. Although the VIX is often inter-
preted as a proxy for macroeconomic uncertainty, it also reflects uncertainty surrounding
the pricing of financial assets, where intermediaries are the marginal investors, as it has
been empirically proven by He et al. (2017). As such, a substantial portion of the VIX’s
fluctuations can be attributed to financial uncertainty, making it a valuable metric for
the analysis conducted in this paper.

By clearly separating financial uncertainty from macroeconomic uncertainty, this pa-
per provides deeper insights into how financial sector fragility interacts with market
volatility, shaping both asset prices and real economic activity. This approach not only
advances the empirical understanding of the economic impact of uncertainty shocks but
also offers a novel theoretical framework for modeling financial sector dynamics in periods
of heightened uncertainty.
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The rest of the paper is outlined as follows. Section 2 discusses data, methodology
and results of the empirical analysis. Section 3 presents the model. Section 4 is dedicated
to a quantitative exercise that computes theoretical impulse response functions using the
model from Section 3. Section 5 concludes.

1.1 Related Literature

1.1.1 On Excess Return Cyclicality

The countercyclical nature of excess returns on stocks has been empirically documented
since the seminal works of Fama and French (1989) and Ferson and Harvey (1991). Sub-
sequent studies, including those by Lettau and Ludvigson (2001), Lettau and Ludvigson
(2009), Backus et al. (2010), and Lustig and Verdelhan (2012), among others, have built
on this phenomenon, demonstrating that strongly cyclical factors predict stock excess
returns. More recently, Nagel and Xu (2023) provided evidence that this countercyclical
pattern is predominantly a feature of in-sample analysis of realized excess returns, while
subjective risk premia—derived from surveys of individual investors—do not exhibit a
similar cyclical behavior.

In theoretical asset pricing, this behavior is typically explained through a combination
of a strongly cyclical stochastic discount factor and an appropriately designed endowment
process. For example, the habit formation model of Campbell and Cochrane (1999) and
the model by Bansal and Yaron (2004), in which agents have countercyclical risk aversion
and the dividend process is heteroskedastic and subject to long-run risk, both account
for the countercyclical movement in asset prices.

Other asset classes exhibit similar countercyclical patterns. Gilchrist and Zakrajšek
(2012) document this behavior in corporate bond spreads. Likewise, Cochrane and Pi-
azzesi (2005), Cochrane and Piazzesi (2008), and Ludvigson and Ng (2009) report sim-
ilar findings for U.S. government bonds. Finally, Lettau et al. (2014) demonstrate the
presence of countercyclical risk premia in commodities, sovereign bonds, and currency
returns.

1.1.2 On Uncertainty Shocks

The asset pricing literature has long recognized time-varying volatility in economic fun-
damentals as a key driver of asset price fluctuations, as exemplified by the work of Bansal
and Yaron (2004). However, the macroeconomic literature has been slower to incorporate
heteroscedastic processes. Bloom (2009) was a pioneer in this area, introducing the study
of uncertainty shocks and providing evidence that a shock to the volatility index (VXO)
significantly depresses output and employment. Despite these insights, traditional real
business cycle models have struggled to replicate the observed comovements of macroe-
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conomic aggregates. Basu and Bundick (2017) demonstrated that, when these shocks
are modeled as time-varying variance in productivity innovations, nominal frictions that
dampen labor demand are necessary to reproduce the empirical findings. Various ap-
proaches to modeling uncertainty shocks have since emerged: Bloom (2009) and Bloom
et al. (2018) interpret fluctuations in uncertainty as shocks to the cross-sectional variance
of firms’ productivity, while other studies, such as those by Fernandez-Villaverde et al.
(2011), Fernandez-Villaverde et al. (2015), and Born and Pfeifer (2014), focus on policy
uncertainty.

1.1.3 On Financial Intermediation

The role of frictional financial intermediation in macroeconomic dynamics has been widely
discussed since Bernanke et al. (1999) introduced the financial accelerator theory, but
gained prominence only after the Great Financial Crisis. Early macro-financial models
featuring a constrained financial sector balance sheet, such as those by He and Krish-
namurthy (2013) and Brunnermeier and Sannikov (2014), demonstrated the importance
of financial intermediation in the transmission of aggregate shocks. He et al. (2017)
provided empirical validation for these theories, showing that the capital-equity ratio
of primary dealers—institutions that trade with the Federal Reserve during Open Mar-
ket Operations—is a significant predictor of excess returns across various asset classes.
In the macroeconomics literature, Gertler and Karadi (2011) and Gertler and Kiyotaki
(2015) introduced constrained intermediaries in a New Keynesian framework to study
both conventional and unconventional monetary policy interventions. Their model has
since become the dominant framework for analyzing the impact of the financial sector on
the broader economy.

1.1.4 On Uncertainty Shocks and Financial Frictions

The interaction between uncertainty shocks and financially constrained intermediaries has
been explored theoretically by Christiano et al. (2014) and Cesa-Bianchi and Fernandez-
Corugedo (2018). Both studies build on variants of the Bernanke et al. (1999) model, in
which intermediaries lend to entrepreneurs whose quality is costly to verify. Their find-
ings suggest that micro-dispersion, or cross-sectional volatility, accounts for a substantial
proportion of business cycle variance, while total factor TFP volatility plays a more mod-
erate role. In the context of international economics, Akinci et al. (2022) document and
model the spillover effects of increased U.S. TFP volatility on other economies using a
Gertler and Karadi (2011) framework.

Similarly, Gilchrist et al. (2014) investigate the impact of uncertainty shocks in a
model with heterogeneous firms that borrow subject to a limited liability constraint,
showing that agency frictions in the credit market are quantitatively significant for the
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transmission of uncertainty shocks. Arellano et al. (2019) propose a related framework
where defaultable debt is used to finance wage payments rather than capital investment.

Another branch of research assumes that the severity of financial frictions is time-
varying and subject to heteroscedastic shocks. For instance, Fernandez-Villaverde and
Guerrón-Quintana (2020) augment a standard Kiyotaki and Moore (1997) model with
uncertainty shocks to the borrowing constraint. Chatterjee et al. (2020) identify shocks
to the volatility of the time series of credit to the non-financial sector and, using local
projections, find that uncertainty has a much larger impact during downturns. They ex-
plain their findings through a model where representative firms face collateral constraints
when making hiring decisions. Finally, Fang and Liu (2021) globally solve a model with
Gertler and Karadi (2011)-type frictions for international investors, incorporating shocks
to the volatility of the time-varying parameter that regulates the tightness of financial
constraints for intermediaries.

2 Empirical Analysis
This section explores how the countercyclical dynamics of excess returns induced by an
uncertainty shock become more pronounced when the financial sector is undercapitalized.
To investigate this, I employ the local projection method developed by Jordà (2005),
which accommodates the possibility of nonlinear impulse responses in the variables of
interest. These variables include excess returns on stocks, corporate bonds, and mort-
gages, along with key macroeconomic aggregates such as consumption, investment, hours
worked and industrial production. In addition, I analyze the financial sector’s aggregate
balance sheet quantities, including credit extended to non-financial firms, Treasury hold-
ings, net worth, mortgages and investment in debt instruments issued by other financial
institutions. This latter category is particularly important for understanding the trans-
mission mechanism of uncertainty shocks, as they are considered privately issued safe
assets. Specifically, I will provide evidence of a significant portfolio reallocation effect
following an uncertainty shock, where financial intermediaries reduce their exposure to
the private sector—primarily by curtailing credit extension—and shift their investments
toward safer assets, such as Treasuries.

2.1 Data

Excess returns on stocks are calculated using monthly returns on the SP500, sourced
from the Center for Research in Security Prices (CRSP), and the monthly risk-free rate
computed as a common risk factor by Fama and French (1993). Consistent with the
literature, I assume a holding period of 10 years for stocks. This assumption offers two
key advantages: it smooths out short-term noise and facilitates the comparison of stock
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excess returns with the spread on long-term assets. Using the one-month returns Rt,t+1,
I compute the 10-year monthly returns on stocks and the corresponding 10-year monthly
risk-free rate as follows:

Rt,t+120 =

[
119∏
j=0

(1 + Rt+j,t+j+1)− 1

] 1
120

.

The excess returns are then calculated as the difference between the 10-year stock returns
and the 10-year risk-free rate:

Rexc
t = RSP500

t,t+120 −Rf
t,t+120.

The corporate bond credit spread (henceforth referred to as the GZ spread) is com-
puted following Gilchrist and Zakrajšek (2012). These authors further decompose the GZ
spread into two components: one explained by the distance to default of individual bonds,
and the Excess Bond Premium (EBP), which is typically attributed by the literature to
liquidity conditions and other financial factors in the bond market. Given the EBP’s
inherently financial nature, it will be the object of the empirical investigation together
with the overall GZ spread.

The last excess return I will focus on is the mortgage spread. Mortgages are one of the
most important items on the asset side of banks’ balance sheet, hence, if the prediction
of precautionary deleveraging is correct, a spike in the premium demanded over this type
of asset will be observed. In line with much of the literature, this spread is computed
as the difference between a 30-year fixed rate mortgage and the 10-year Treasury yield,
both series being available on FRED.

Data on the balance sheets of financial intermediaries is sourced from the CRSP/COMPUSTAT
merged database. Specifically, I collect the equity-to-capital ratio1 for specific subclasses
of intermediaries in order to construct a measure of the stability of the financial sector,
which will be labelled ηt. The equity-to-capital ratio measures the proportion of the
firm’s own capital (common equity) relative to the total capital invested, which includes
both shareholder and debtholder capital. To aggregate this measure across each class of
financial intermediaries, I calculate a weighted average, with the weights based on each
firm’s total equity value as provided by the CRSP/COMPUSTAT database. Further
details on the construction of ηt will be discussed in Section 2.2.

Data on credit extended to non-financial businesses by financial institutions (both
depository and non-depository) is collected from BIS statistics.2 Credit encompasses both
loans and debt securities. I also gather data on safe assets held by the financial sector,
distinguishing between public and private assets. Public safe assets refer to treasury

1The variable name in the CRSP/COMPUSTAT merged database is “equity_invcap.”
2Time series code Q:US:P:A:M:USD .
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securities,3 while private safe assets are calculated as the sum of various types of debt
securities issued by private financial institutions, as outlined by Gorton et al. (2012) and
Almadani et al. (2020).4

Macroeconomic variables used in the analysis include Personal Consumption Expen-
diture (PCE), Gross Fixed Capital Formation (GFCF) as a proxy for investment, hours
worked, and the index of industrial production. These aggregates are measured in dollar
terms and converted into real quantities by adjusting for inflation using the Consumer
Price Index (CPI). To focus on cyclical fluctuations, the data is HP-filtered (λ = 1600),
and the results presented reflect percentage deviations of the cyclical component from
the long-term trend.

Finally, as discussed in the Introduction, the uncertainty measures used in the em-
pirical analysis are derived from the indexes developed by Bloom (2009) and Ludvigson
et al. (2021). Specifically, I use the VXO index, spliced with realized volatility of SP500
returns, and the financial uncertainty index from Ludvigson et al. (2021). Shocks to
these uncertainty indexes are identified following the methodologies of Bloom (2009) and
Ludvigson et al. (2021).

2.2 Local Projections

Jordà (2005) defines the impulse response function for a vector of variables y at horizon
h of a system hit by a shock v at time t as:

IRF (h, t,v) = Et[yt+h | ϵt = v]− Et[yt+h | ϵt = 0] (1)

where the operator Et is the expectation conditional on information available at time t. It
is possible to generalize this definition to include impulse response functions conditional
on the economy being in a given state upon the arrival of the shock, for example, in the
context of this paper, the financial system being in distress. Let xt represent the state of
the economy. Hence, the impulse response functions conditional on the state being in a
given region, i.e. xt ∈ A, can be defined as:

IRF (h, t,v | xt ∈ A) = Et[yt+h | ϵt = v,xt ∈ A]− Et[yt+h | ϵt = 0,xt ∈ A]. (2)

Inspired by Equation 2, Proposition 1 follows.

3Sourced from the FRED series ”Domestic Financial Sectors; Treasury Securities; Asset, Level.”
4These include ”Money Market Funds; Total Financial Assets,” ”Domestic Financial Sectors; Check-

able Deposits and Currency,” ”Domestic Financial Sectors; Federal Funds and Security Repurchase
Agreements,” ”Private Depository Institutions; Total Time and Savings Deposits,” ”Finance Companies;
Commercial Paper,” ”Private Depository Institutions; Bankers’ Acceptances,” and ”Domestic Financial
Sectors; Total Miscellaneous Liabilities.”
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Proposition 1. Let {ϵt+h}h be a sequence of i.i.d. vector valued shocks of dimension
Nϵ, and xt ∈ RNx a vector of states. Let the collection of smooth operators

{
Φh
}
h
, with

Φh ∈ C∞(RNϵ×h+Nx ,RNy), define the dynamics of the system {yt+h}h ∈ RNy×∞:

yt+h = Φh(ϵt, ..., ϵt+h,xt). (3)

Then:

IRF (h, t,v | xt ∈ A) =
∂Φh(0)

∂ϵt
· v +

∂2Φh(0)

∂ϵt∂xt
· (E[xt | xt ∈ A]⊗ v)

+
1

2

∂2Φh(0)

∂ϵ2t
· (v ⊗ v) +R(E[xt | xt ∈ A],v). (4)

where R(E[xt | xt ∈ A],v) = o(∥[E[xt | xt ∈ A],v]⊗ [E[xt | xt ∈ A],v]∥).

The state I am interested in conditioning on is a proxy for the stability of the financial
sector, denoted as ηt. I construct this variable starting from the equity-to-capital ratio of
intermediaries that serve as marginal investors in the specific asset class under analysis.
For stocks, the relevant marginal investors are Primary Dealers—systemically impor-
tant institutions that trade with the Federal Reserve during Open Market Operations-as
shown by He et al. (2017). Since Primary Dealers are primarily large commercial and
investment banks, I apply the same classification when analyzing the mortgage spread.
For corporate bonds, I include all firms classified under the “Financial” sector according
to the Global Industry Classification Standard (GICS),5 capturing a broader range of
financial intermediaries. Since the raw data exhibit a non-stationary behavior, I decom-
pose the capitalization ratio κt in trend and cycle components using the Hamilton filter,
i.e. κt = κtrend

t + κcycle
t , and then compute

ηt =
κt − κtrend

t

κtrend
t

This adjustment results in a variable that fluctuates at business cycle frequency and,
more importantly, allows me to evaluate whether financial intermediaries are under- or
over-capitalized compared to the local trend. The region of the state space I condition
the impulse responses on is therefore A = {ηt−1 < 0}, where the lag is taken to avoid
endogeneity issues.

Proposition 1 and its Proof (available in Appendix A.1) suggest that, the estimates
of the conditional impulse response functions can be retrieved from the following system

5The GICS “Financial” sector includes three industry groups: Banks, Financial Services (excluding
banking), and Insurance Companies.
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of regressions:

yt+h = αh + βh0 ϵ
UNC
t + βh1 ϵ

UNC
t ηt−1 + γ ′ · zt + ut (5)

where yt+h is on of the entries of yt+h, γ is a vector of coefficients and zt is a vector
of controls. Since the shocks have already been identified, they are orthogonal to the
residuals, allowing for the use of OLS. Therefore, the conditional impulse responses to
ϵUNCt = v = 1 s.d. of volatility index can be computed from the estimated coefficients as
follows:

ÎRF (h, t, v | ηt−1 < 0) =
(
β̂h0 + β̂h1 η

)
v (6)

ÎRF (h, t, v | ηt−1 ≥ 0) =
(
β̂h0 + β̂h1 η

)
v. (7)

where η and η are the time averages of ηt−1 conditional on ηt−1 < 0 and ηt−1 ≥ 0

respectively. Given the time invariance of the right-hand side of Equations 6 and 7, I
denote the estimated impulse response function more compactly as ÎRF (h, v | η−1 < 0)

and ÎRF (h, v | η−1 ≥ 0). Details on estimation and confidence intervals can be found
in Appendix A.2. The variables of interest in y have been described in the previous
subsection: excess returns on stocks, bonds and mortgages, consumption, investment,
hours worked and industrial production, credit from the financial sector to the non-
financial sector, Treasuries held by the financial sector. The vector of controls z, on the
other hand, is composed of lagged industrial production, CPI, FFR and term spread
computed as the difference between the 10-years and 3-months real rate on government
bonds.

2.3 Results

The impulse responses of excess returns to a one standard deviation shock to the VXO
index are presented in Figure 1. The top panel shows the responses conditional on
η−1 ≥ 0, while the bottom panel captures the responses when η−1 < 0. The results
indicate that, when the financial system’s capitalization increased in the month before
the shock, none of the four excess returns exhibit significant reactions except for the
mortgage spread, which modestly jumps by 2.5 basis points (b.p.). However, when the
financial sector experienced a decline in capitalization during the preceding month, all
four excess returns demonstrate significant increases. Specifically, Rexc on the SP500 rises
by 3 b.p., and this effect remains significantly positive for 16 months. The EBP increases
by 10 b.p., while the overall credit spread gradually rises, peaking at approximately 4
b.p. nine months after the shock. Finally, the mortgage spread increases over six months,
reaching a peak of 5 b.p.
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Figure 1: Impulse responses of excess returns to 1 s.d. shock to VXO. Dark grey: 90%
confidence bands. Light grey: 95% confidence bands. Y-axis in percentage points.

The real effects of the VXO shock are illustrated in Figure 2. Under the condition
where η−1 ≥ 0 (top row), the responses across all real variables are relatively muted.
Investment declines by about 0.5 percentage points (p.p.) in the third quarter following
the shock, gradually returning to baseline. Consumption declines modestly, reaching a
trough of -0.1 p.p. by the third quarter, followed by a slight recovery. Hours worked
decreases by 0.2 p.p. at its lowest point in the third quarter, while output contracts by
0.3 p.p. in the second quarter. In contrast, when the financial sector’s capitalization
deteriorates prior to the shock (η−1 < 0, bottom row), the responses are significantly
more pronounced. Investment shows a sharper initial decline of 0.8 p.p. by the second
quarter, consumption decreases by more than 0.2 p.p., hours worked falls by 0.4 p.p.,
and output decreases by 0.25 p.p. Notably, only under the η−1 < 0 condition are these
responses significant at both the 90% and 95% confidence levels, with larger magnitudes
across all variables.

Figure 3 illustrates the impact of the uncertainty shock on the financial sector’s bal-
ance sheet composition. When η−1 ≥ 0, there is an insignificant decrease of 0.1 p.p. in
credit to the non-financial sector, while Treasuries and net worth remain unresponsive.
Debt instruments and mortgages decline by 0.2 p.p. and 0.3 p.p., respectively, but these
changes are not statistically significant. In contrast, under the condition where η−1 < 0,
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Figure 2: Impulse responses of real macro aggregates to 1 s.d. shock to VXO. Dark grey:
90% confidence bands. Light grey: 95% confidence bands. Y-axis in percentage points.

the financial sector engages in a significant flight to liquidity, reducing its exposure to
credit, debt instruments, and mortgages by 0.2, 0.3, and 0.4 p.p., respectively, while
slightly increasing its holdings of Treasuries. Additionally, net worth declines by 0.2 p.p.,
further underscoring the stronger balance sheet adjustments under this scenario.

The impulse responses of key variables to a one standard deviation shock to the ULMN
F

index are presented in Figures 4, 5, and 6. The results align closely with those from the
VXO shock, but with notable differences in the behavior of stock excess returns and real
variables. Specifically, stock excess returns increase even when η−1 ≥ 0, though the effect
is 1 basis point smaller than when η−1 < 0. This increase is statistically significant at the
90% confidence level, though not at the 95% level. In contrast, under a VXO shock with
η−1 ≥ 0, excess stock returns remain close to zero and turn negative after 10 months.
For macroeconomic aggregates, the responses to the two η−1 conditions exhibit larger
differences compared to the VXO shock. Additionally, balance sheet adjustments suggest
a stronger flight-to-safety dynamic under the ULMN

F shock. The financial sector increases
its holdings of Treasuries by 0.5 percentage points when η−1 ≥ 0, and by 1 percentage
point when η−1 < 0, while reducing mortgage provision by approximately 0.6 percentage
points when η−1 < 0.
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Figure 3: Impulse responses of the financial sector balance sheet composition to 1 s.d.
shock to VXO. Dark grey: 90% confidence bands. Light grey: 95% confidence bands.
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3 Model
This model builds on the framework developed by Gertler and Karadi (2011), extending
it to account for the role of financial uncertainty shocks. The model includes households,
financial intermediaries, and firms, where financial intermediaries play a central role in
propagating shocks due to their leverage constraints. Households provide labor, consume,
and save through safe assets, while intermediaries finance productive investments, subject
to balance sheet constraints. Capital accumulation and production are driven by firms,
which are subject to borrowing constraints and stochastic productivity shocks. All the
mathematical derivations are in Appendix B.

3.1 Household

Households make consumption, savings, and labor supply decisions in each period. The
household can invest in safe assets Dt which pay rate Rt in the next period. The house-
hold’s preferences follow the GHH (Greenwood-Hercowitz-Huffman) specification, and
therefore solves

13



0 1 2 3 4 5 6 7 8 9 10 11
−1.5

−1

−0.5

0

0.5

1

η −
1
≥

0

Investment

0 1 2 3 4 5 6 7 8 9 10 11
−0.4

−0.2

0

0.2

Consumption

0 1 2 3 4 5 6 7 8 9 10 11
−0.8

−0.6

−0.4

−0.2

0

0.2

0.4
Hours Worked

0 1 2 3 4 5 6 7 8 9 10 11
−0.4

−0.2

0

0.2

Output

0 1 2 3 4 5 6 7 8 9 10 11
−2

−1

0

1

η −
1
<

0

0 1 2 3 4 5 6 7 8 9 10 11
−0.6

−0.4

−0.2

0

0.2

0.4

0 1 2 3 4 5 6 7 8 9 10 11
−1

−0.5

0

0 1 2 3 4 5 6 7 8 9 10 11
−0.6

−0.4

−0.2

0

0.2

0.4

Quarters

Figure 5: Impulse responses of real macro aggregates to 1 s.d. shock to ULMN
F . Dark

grey: 90% confidence bands. Light grey: 95% confidence bands. Y-axis in percentage
points.

14



0 1 2 3 4 5 6 7 8 9 10 11

−0.4

−0.2

0

0.2

η −
1
≥

0

Credit

0 1 2 3 4 5 6 7 8 9 10 11

0

0.5

1

Treasuries

0 1 2 3 4 5 6 7 8 9 10 11
−0.5

0

0.5

Net Worth

0 1 2 3 4 5 6 7 8 9 10 11

−0.6

−0.4

−0.2

0

0.2

0.4
Debt Instruments

0 1 2 3 4 5 6 7 8 9 10 11

−1

−0.5

0

Mortgages

0 1 2 3 4 5 6 7 8 9 10 11

−0.6

−0.4

−0.2

0

0.2

0.4

η −
1
<

0

0 1 2 3 4 5 6 7 8 9 10 11

−0.5

0

0.5

1

1.5

0 1 2 3 4 5 6 7 8 9 10 11

−0.5

0

0.5

0 1 2 3 4 5 6 7 8 9 10 11

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0 1 2 3 4 5 6 7 8 9 10 11

−1

−0.5

0

0.5

Quarters

Figure 6: Impulse responses of the financial sector balance sheet composition to 1 s.d.
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max
Ct,Dt,Lt

E0

[∑
t≥0

βt
(Ct − χLt)

1−γ

1− γ

]

s.t. Ct +Dt = WtLt +Rt−1Dt−1 + Tt

where Tt are lump-sum transfers.
The optimality conditions of the intertemporal consumption-saving decision is give

by the familiar Euler equation:

βEt

[(
Ct+1 − χLt+1

Ct − χLt

)−γ
]
Rt = 1.

Notice that the stochastic discount factor is defined as:

Λt,t+1 = β

(
Ct+1 − χLt+1

Ct − χLt

)−γ

.

Optimality with respect to Lt yields instead the labor supply curve:

Wt = χ.

GHH preferences eliminate the direct income effect on labor supply, meaning that
labor supply decisions remain unaffected by changes in consumption. This is particularly
beneficial in this model, as it insulates the labor market from the fluctuations in con-
sumption typically induced by uncertainty shocks, as highlighted by Basu and Bundick
(2017). By adopting GHH preferences, labor supply becomes perfectly elastic, ensur-
ing that uncertainty shocks primarily influence the demand side of the labor market.
Moreover, GHH preferences allow for a more tractable representation of the labor mar-
ket equilibrium, simplifying the numerical solution of the model, as will be discussed in
Section 4.

3.2 Financial Sector

The financial sector is populated by a unit mass of intermediaries, indexed by ι, who
purchase capital Kι,t at a price Qt, and operate firms which produces the final good,
earning a return on capital Rk

t . These operations are financed through a combination of
net worth, Nι,t, and debt. This external funding available to intermediaries is expressed
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as

D̃ι,t = eσ
ν
t νtDι,t,

where the shocks νt ∼ N (0, 1) are independent and identically distributed, and σνt rep-
resents financial uncertainty. The process for σνt follows an autoregressive structure:

σνt = (1− ρσ)σν + ρσσ
ν
t−1 + εσt .

The intermediaries’ flow of funds equates asset market values to net worth and liabil-
ities:

QtKι,t = Nι,t + D̃ι,t.

The net worth of an individual intermediary is equal to the profit generated by the
investment operation. This means the total revenue generated by capital purchase in the
previous period net of total interest repayments on debt:

Nι,t = Rk
tQt−1Kι,t−1 −Rt−1D̃ι,t−1.

Each intermediary is subject to a capitalization constraint that arises from an incen-
tive compatibility condition linked to an underlying moral hazard problem. Specifically,
intermediaries have the ability to abscond with and consume a fraction θ of the value
of their assets. Therefore, the constraint is designed to ensure that intermediaries prefer
to continue their intermediation activities rather than diverting the assets for personal
consumption. The constraint requires that the value of continuing to operate the inter-
mediation firm, Vι(Nι,t), is at least as large as the potential gains from absconding with
a fraction of the assets. Formally, this constraint is expressed as:

Vι(Nι,t) ≥ θQtKι,t.

This ensures that intermediaries remain incentivized to engage in productive activities
rather than exiting the market with their assets.

Since all intermediaries are ex-ante identical, their value function and their balance
sheet quantities are the same. Hence, the index ι can be dropped: Nι,t = Nt, D̃ι,t = D̃t,
Kι,t = Kt and Vι(Nι,t) = V (Nt). With probability 1−σ, the intermediary exits the market
in the next period and consumes its net worth. Since the intermediaries are owned by the
household, they use the household’s stochastic discount factor when making intertemporal
decisions. Each intermediary’s objective is to maximize the expected value of future net
worth, accounting for the potential exit. Formally, intermediaries solve the following
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recursive problem:

V (Nt) = max
Kt,Nt+1

Et [Λt,t+1[(1− σ)Nt+1 + σV (Nt+1)]] (8)

s.t. Nt+1 = Rk
t+1QtKt −RtD̃t

QtKt = Nt + D̃t

V (Nt) ≥ θQtKt.

The resulting optimality condition is an augmented version of the Euler equation:

Et
[
Λt,t+1(1− σ + σψt+1)(R

k
t+1 −Rt)

]
= µtθ, (9)

where µt is a transformation of the Lagrange multiplier associated to the financial con-
straint and ψt is the marginal value of net worth for the intermediary, i.e. ψt = V ′

t (Nt).
In fact, Due to the linearity of the problem, we can express the value function as
Vt(Nt) = ψtNt.

As shown in Bocola (2016), closed-form expressions for ψt and µt can be recovered
(see Appendix B for the derivations):

ψt =
Et[Λt,t+1(1− σ + σψt+1)]Rt

1− µt
(10)

µt = max

{
1− Et[Λt,t+1(1− σ + σψt+1)]RtNt

θQtKt

, 0

}
. (11)

Equation 9 prices capital using the intermediary’s augmented stochastic discount
factor Λt,t+1(1−σ+σψt+1). This discount factor effectively combines two sources of risk:
aggregate risk, reflected by the household’s stochastic discount factor, and balance sheet
risk, captured by the future marginal value of the intermediary’s net worth, ψt+1. From
this asset pricing equation we can decompose the excess return on capital:

Et[Rk
t+1]−Rt

Rt

=
θµt

1− σ + σEt[ψt+1]︸ ︷︷ ︸
Financial Frictions

−Covt(Λt+1, R
k
t+1)︸ ︷︷ ︸

Aggregate Risk

−
σCovt(ψt+1,Λt+1(R

k
t+1 −Rt))

1− σ + σEt[ψt+1]︸ ︷︷ ︸
Balance Sheet Risk

(12)

This decomposition highlights the three forces that drive excess returns on capital.
The first term, captures the effect of binding financial constraint on the intermediary’s
ability to adjust its balance sheet. When µt is nonzero and large, the constraint is binding,
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implying that the ability of the intermediary to invest more in capital is limited, and
hence he must be compensated with higher excess returns. The second term, represents
the standard risk premium, reflected in the covariance between the household’s SDF and
return on capital. The final term, represents the balance sheet risk through the interaction
between the marginal value of net worth ψt+1 and the discounted excess return on capital.
In fact, intermediaries value an additional dollar in net worth more when the constraint
is binding, as it relaxes the constraint; therefore, the covariance between ψt+1 and the
excess return on capital rescaled by the SDF quantifies the compensation for the risk
of the representative intermediary becoming constrained in the next period that capital
has to provide. Equation 12 is particularly insightful because it tells us that even if the
constraint is not binding (µt = 0), its effect on excess returns is still present through the
risk aversion of financial intermediaries.

Finally, at the beginning of each period, a mass 1 − σ of new intermediaries enters
the market. These newly born intermediaries receive their initial net worth, funded by
a fraction ω of the proceeds from the sale of the assets of intermediaries that exited the
market. As a result, the aggregate net worth of the financial sector evolves according to
the following equation:

Nt+1 = σ(Rk
tQtKt+1 −RtD̃t) + ωQt+1Kt+1.

3.2.1 Discussion of Financial Uncertainty

The shock νt can be interpreted as random disruptions in the short-term debt markets
driven by the actions of noise traders. Specifically, after choosing the optimal amount
of savings, households are assumed to delegate their portfolio allocation to these noise
traders, who then direct an amount eσν

t νtDt to intermediaries’ deposits. The quantity
needed to clear the savings market, (1 − eσ

ν
t νt)Dt, is diverted to government bonds Bt,

which are indistinguishable from deposits since they are risk free and they pay the same
interest rate. In turn, the government adjust taxes and transfers to the household to keep
its budget balanced:

Bt + Tt = Rt−1Bt−1.

This setup provides several advantages. Firstly, it is a convenient way to model
fluctuations in the tightness of the financial constraint without significantly increasing the
dimensionality of the state space. In fact, macroeconomic uncertainty alone is not enough
to generate the right comovement of variables observed in the data, and an additional
source of randomness that affects only the financial sector is crucial for this purpose.
The literature models this type of uncertainty by turning the parameter regulating the

19



-20 -10 0 10 20 30 40 50

Growth rates

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16
D

e
n

s
it
y

Figure 7: Kernel densities of the growth rates of two sources of external funding for
banks. Data source: Bowman et al. (2020), Call Report and FR-Y9C

financial constraint, θ in the current case, into a state variable. This approach however
would make the global solution with occasionally binding constraint computationally
challenging. By introducing random variations in the availability od external funding, I
maintain the model tractable and capture the idea of financial uncertainty at the same
time.

Additionally, this approach is grounded in the empirical observation that financial
institutions rely on a stable core of deposits but also have a more volatile component of
their liabilities, such as short-term debt or market-based funding, as shown Figure 7.

During periods of market stress, this volatile component can fluctuate significantly,
reflecting the type of random disruptions modeled by νt. The introduction of these shocks
allows us to better understand how uncertainty in external funding contributes to the
cyclical behavior of financial intermediaries and excess returns.
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3.3 Production

The final good sector employs labor from households and capital provided by financial
intermediaries to produce output according to a Cobb-Douglas production function. The
production process is subject to stochastic Total Factor Productivity (TFP) shocks, which
capture exogenous changes in productivity. Additionally, firms must pay their wage bill
in advance and are constrained by a borrowing limit. Specifically, firms can borrow up
to a fraction ζ of the value of their assets. This form of collateral constraint is similar to
Chatterjee et al. (2020). The firm’s optimization problem can therefore be expressed as:

max
Lt

eZtKα
t−1L

1−α
t −WtLt −QtIt

s.t. WtLt ≤ ζQtKt−1.

The TFP follows an AR(1) process:

Zt = ρzZt−1 + (1− ρz)z + σzε
z
t .

Optimality conditions imply

Wt = max

{
(1− α)eZtKα

t−1L
−α
t ,

ζQtKt−1

Lt

}
.

Capital good producers are perfectly competitive and subject to an adjustment cost.
The optimization problem they face is:

max
It

QtIt −

[
ϕ1

1 + τ

(
It

Kt−1

)1+τ

Kt−1 + ϕ0

]

The first-order condition for investment is:

Qt = ϕ1

(
It

Kt−1

)τ
.

Lastly, capital follows the law of motion:

Kt = (1− δ)Kt−1 + It.

3.4 Equilibrium

The government collects lump sum taxes (transfers in the case of positive balances) from
the household to finance interest payment on the funds it receives from the noise traders>
Therefore, the debt market clears:
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Bt + D̃t = Dt.

In the labor market, I assume that a fraction f of final good producers is constrained
by the borrowing limit. The labor market clearing condition equates labor supply to the
total demand of labor coming from the final good sector:

χ = fζ
QtKt−1

Lt
+ (1− f)(1− α)eZtKα

t−1L
−α
t .

The first term on the right hand side represents labor demand from constrained firms,
while the second term captures the labor demand from unconstrained firms, who set their
demand equal to the marginal product of labor.

Let Ξt = Yt −WtLt − QtIt be the the aggregate profits of the final good producers.
Since the financial intermediaries own the final good producers, the return on capital is
Rk
t = Ξt+QtKt+1

Qt−1Kt
. Given the equilibrium on the labor market, therefore, the return on

capital can be expressed as follows:

Rk
t =

(α + f(1− α)) Yt
Kt−1

+ (1− δ − fζ)Qt

Qt−1

.

Note that when there are no constrained firms (f = 0), the return on capital reverts to

the standard expression: Rk
t =

α
Yt

Kt−1
+(1−δ)Qt

Qt−1
where α Yt

Kt−1
=MPKt.

Finally, the goods market clearing condition is:

Ct +

[
ϕ1

1 + τ

(
It

Kt−1

)1+τ

+ ϕ0

]
Kt−1 = Yt.

The goods market clear, ensuring that total output is used for consumption and to cover
investment adjustment costs.

4 Model Results

4.1 Solution Method

The first step in solving the model globally with the financial constraint occasionally
binding is to normalize all the variables in the model by the stock of capital Kt−1. This
reduces the dimensionality of the state space from 3 to 2, vastly improving the model
numerical tractability. Therefore, let’s define the normalized variables: ct = Ct

Kt−1
, it =

It
Kt−1

, yt = Yt
Kt−1

, ℓt = Lt

Kt−1
and uc,t = (ct − χℓt)

−γ. As for financial sector’s variable,
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I will normalize them by Kt, that is the stock of capital at the beginning of the next
period: nt = Nt

Kt
, pt = RtDt

Kt
. The state of the economy is Xt−1 = (pt−1, Zt−1), that is gross

debt repayments and TFP. The contemporaneous equations are (see Appendix B for full
derivation):

χℓt = fζQt + (1− f)(1− α)eZt ℓ
1−α
t (13)

ct +
ϕ1

1 + τ
i1+τt + ϕ0 = yt (14)

Q = ϕ1i
τ
t (15)

yt = eZtℓ1−αt . (16)

The evolution of net worth and the state p are

(1− δ + it)nt = σ[(1− δ)Qt + αyt − pt−1] + ωQt (17)
pt = Rt(Qt − nt). (18)

Lastly, the Euler equations to be satisfied are:

β
(1− δ + it)

−γ

uc,t
Et [uc,t+1]Rt = 1 (19)

β
(1− δ + it)

−γ

uc,t
Et
[
uc,t+1(1− σ + σψt+1)(R

k
t+1 −Rt)

]
= µtθ (20)

µt = max

{
0, 1−

1− σ + σβ(1− δ + it)
−γu−1

c,tEt [uc,t+1]Rtnt

θQt

}
(21)

ψt = max

{
1− σ + σβ(1− δ + it)

−γu−1
c,tEt [uc,t+1ψt+1]Rt,

θQt

nt

}
. (22)

The algorithm adapts what is described in Wei Dou et al. (2023).

4.2 Calibration

Table 1 reports the parameter used in the numerical solution of the model. The house-
hold’s discount factor, capital share, depreciation rate, and parameters governing the law
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of motion of TFP are standard in the RBC literature. Household’s coefficient of relative
risk aversion is γ = 1, which is lower than typical values in studies on time-varying uncer-
tainty. High risk aversion is usually necessary to generate significant dynamics in response
to uncertainty shocks. However, using higher values of γ would make the global solution
computationally infeasible, as the model already features significant nonlinearities due to
occasionally binding constraints. Despite this limitation, the model still produces mean-
ingful results, making the need for higher risk aversion unnecessary. Parameters related
to financial intermediaries, such as the survival rate of intermediaries σ, the transfer to
newly born intermediaries ω, and the tightness of the financial constraint θ are taken
from the original paper from Gertler and Karadi (2011).

Since the labor market setup in the model is non-standard, the parameters involved
in its specification are calibrated internally. The fraction of constrained firms f and the
fraction of pledgeable assets ζ are calibrated so that the ratios of the ergodic variances
and averages of Q and ℓ match the corresponding ratios of the variances and averages of
the growth rates of stock market prices and hours worked. Data on stock market prices is
obtained from Robert Shiller’s website, that computes the time series of monthly averages
of closing prices for firms in the SP500 index. The household’s disutility from labor, χ, is
then computed to ensure that the ratio of the growth rates of output and hours worked
is consistent with the model’s equilibrium.

Lastly, the average financial uncertainty σν is calibrated based on the standard devi-
ation of total bank funding, expressed as a percentage deviation from its trend. Data on
bank funding is taken from Bowman et al. (2020), which in turn relies on Call Report and
FR-Y9C data. The persistence of the financial uncertainty shock is calibrated to match
the empirical impulse response functions.

4.3 Impulse Responses

Impulse responses are generated first by simulating N economies for T periods to generate
the stochastic steady state. To achieve this, I feed j = 1, ..., N sequences of shocks
(εzt (j), νt(j))

−1
t=−T−1 to the policy functions obtained after solving the model numerically.

Let (Y−1(j))
N
j=1 denote the vector of endogenous variables at the end of each simulated

economy, which represents the stochastic steady state. For each j I then simulate the
dynamics of the variables when the economy is hit by an MIT shock εσ to σν , and when
it is not, denoting the time path of the endogenous variables as (Y 1

h (j))h and (Y 0
h (j))h,

respectively. The impulse responses are then computed as the log-difference between the
dynamics with the shock and the dynamics without the shock:

IRF (j, h) = log Y 1
h (j)− log Y 0

h (j)
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Table 1: Calibrated parameters
Variable Parameter Value Source
RBC Standard
Discount factor β 0.995
Risk aversion γ 1
Capital share α 0.33
Depreciation δ 0.025
Fixed capital adj. cost ϕ0 δ/2
Variable capital adj. cost ϕ1 δ−1

Marginal capital adj. cost τ 1
Mean of TFP z 0
Persistence of TFP ρz 0.95
S.d. of TFP innovations σz 0.01
Financial Sector GK (2011)
Surviving bankers σ 0.972
Transfer to new bankers ω 0.002
Fraction of divertible assets θ 0.381
Calibrated Parameters Target Statistic
Disutility of labor χ 0.4352 gY/gL = 2.21
Fraction of constrained firms f 0.4233 V ar(gQ)/V ar(gL) = 2.23
Fraction of pledgeable assets ζ 0.0933 gQ/gL = 2.43
Mean of σνt (s.d. of νt) σν 0.0179 s.d.

avg
g.r. bank funding

Persistence of σνt ρσ 0.9 IRF persistence Rexc
SP500 = 0.98

I then compute the average response across initial state j conditional on whether the
initial capitalization ratio, measured as n−1

Q−1
, is above or below the median of the distri-

bution. Detailed algorithms for the simulation and computation of the IRF can be found
in Appendix C.2.

Figure 8 shows the responses generated by this procedure, together with the average
response, for output per unit of capital, excess return on capital and volatility of return
on capital. The results displays a countercyclical dynamics for excess return: as output
drops, excess return spikes. Furthermore, the effect is much amplified when the economy
is closer to the binding constraint. The recessionary effect of the uncertainty shock comes
mostly through investment, as shown in Figure 9: the shock triggers the precautionary
deleveraging on behalf of the intermediary, which means lower demand for investment
and lower price of capital. This latter effect impacts the hiring decision of the final good
producer, since lower asset value means lower demand for labor. The only variable whose
procyclical behavior is not reproduced by the model is consumption.

Figure 10 shows the model-generated responses plotted against the empirical IRF
obtained in Section 2. The model manages to capture the sign and the order of magnitude
of the movement of investment, price of capital and output, but it overestimates the
movement of excess returns and predicts a countercyclical effect on consumption. The
cause for these two failures might be common: since the real interest rate moves too
much, nominal rigidities can take care of it.
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Figure 8: IRF to a 2-s.d. shock to σνt , conditional on the initial state of the economy.
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Figure 9: IRF to a 2-s.d. shock to σνt , conditional on the initial state of the economy.
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Figure 10: The empirical IRF have been rescaled to match the increase in volatility of
asset returns.

5 Conclusion
This paper provides new insights into the interaction between the financial sector’s bal-
ance sheet conditions and uncertainty shocks, especially in how they drive the coun-
tercyclicality of excess returns. The analysis reveals that when financial intermediaries
experience weakened balance sheets, the effects of volatility shocks are magnified across
both financial markets and the broader economy. This finding suggests that the health
of the financial sector is a crucial factor in determining the economy’s resilience to time-
varying volatility.

A key novelty introduced here is the application of a new empirical approach, which
leverages a nonlinear specification of local projections to evaluate differential impulse
responses. This empirical innovation enables a deeper understanding of the asymmetric
effects of uncertainty on excess returns and real economic activity, particularly during
periods of financial stress. On the theoretical side, this paper contributes to the literature
by introducing financial uncertainty in a macro-finance model as heteroskedastic shocks to
the financial sector’s source of external funding. By adding this stochastic component, the
model captures uncertainty around the tightness of capitalization constraints. Increases in
financial uncertainty trigger precautionary deleveraging of a magnitude inversely related
to the net worth-to-asset ratio, thereby amplifying the impact of shocks on both excess
returns and the real economy, especially when capitalization is low.
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While this paper significantly enhances our understanding of these dynamics, several
promising directions remain for future research. One potential avenue is the introduction
of nominal frictions into the model, which could shed light on how financial uncertainty
interacts with monetary policy. Such frictions could also generate procyclical consump-
tion and a countercyclical risk-free rate, both crucial for replicating responses that are
quantitatively closer to empirical observations. Another area worth exploring is micro-
founding the behavior of noise traders within this framework. Understanding how these
actors influence market dynamics could help future models better capture the complexi-
ties of financial market behavior.

Finally, examining policy responses to increased financial market volatility is essen-
tial. Future research could investigate the effectiveness of various macroprudential and
monetary policies in mitigating the adverse effects of financial uncertainty. For exam-
ple, policies aimed at stabilizing intermediaries’ balance sheets or providing liquidity
during periods of stress could help dampen adverse effects stemming from heightened
financial uncertainty. Exploring these policy tools within both theoretical and empirical
frameworks would offer valuable guidance for policymakers seeking to enhance financial
stability.
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A Local Projections

A.1 Proof of Proposition 1

Let’s first introduce some notation. Let

∂kΦ

∂xk
Ny×kNx

=

[
vec
[

∂kΦj

∂i1x1...∂iNxxNx

]
i1+...+iNx=k

]
j=1,..,Ny

denote the operator that yields all the k-th partial derivatives of Φ with respect to vector
to all the components of vector x, arranged in vector form. Furthermore, since the shocks
ϵt, ..., ϵt+h are i.i.d. and independent of the state xt, the following rules for computing
expectations will be applied throughout the proof:

Et[ϵnt+j] = mϵ(n)

Et[ϵnt+j ⊗ xt | xt ∈ A] = mϵ(n)⊗ Et[xt | xt ∈ A]

where mϵ(n) is the n-th moment of the distribution of ϵ, and mϵ(1) = 0.
Fix h > 0. Since Φh ∈ C∞, it can be expanded in its Taylor series around 0:

yt+h = Φh(0) +
h∑
i=0

∂Φh(0)

∂ϵt+i
· ϵt+i +

∂Φh(0)

∂xt
· xt+

+
∑
n≥2

1

n!

n∑
k=1

h∑
i=0

[
∂Φh(0)

∂xtn−k∂ϵkt+i
·

(
n−k⊗

xt ⊗
k⊗
ϵt+i

)
+

∂Φh(0)

∂ϵn−kt+i ∂xt
k
·

(
n−k⊗

ϵt+i ⊗
k⊗

xt

)]

Taking expectations on both sides and assuming that shocks are uncorrelated, we
have:

Et[yt+h | ϵt = v,xt ∈ A] = Φh(0) +
∂Φh(0)

∂ϵt
· v +

∂Φh(0)

∂xt
· Et[xt | xt ∈ A]

+
∑
n≥2

1

n!

[
n∑
k=1

h∑
j=1

(
∂nΦh(0)

∂xn−kt ∂ϵkt+j
·

(
Et

[
n−k⊗

xt | xt ∈ A

]
⊗

k⊗
mϵ(k)

)
+

+
∂nΦh(0)

∂ϵn−kt+j ∂x
k
t

·

(
n−k⊗

mϵ(n− k)⊗ Et

[
k⊗

xt | xt ∈ A

]))
+

+
n∑
k=1

∂nΦh(0)

∂xn−kt ∂ϵkt
·

(
Et

[
n−k⊗

xt | xt ∈ A

]
⊗

k⊗
v

)
+

+
n−1∑
k=1

∂nΦh(0)

∂ϵn−kt ∂xkt
·

(
n−k⊗

v ⊗ Et

[
k⊗

xt | xt ∈ A

])]
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Of course, Et[yt+h | ϵt = 0,xt ∈ A] can be computed in a similar fashion, substituting
v by 0. Therefore, impulse response functions can be derived from Equation 2:

IRF (h, t, v | xt ∈ A) = Et[yt+h | ϵt = v,xt ∈ A]− Et[yt+h | ϵt = 0,xt ∈ A]

=
∂Φh(0)

∂ϵt
· v +

∑
n≥2

1

n!

[
n∑
k=1

∂nΦh(0)

∂xn−kt ∂ϵkt
·

(
Et

[
n−k⊗

xt | xt ∈ A

]
⊗

k⊗
v

)
+

+
n−1∑
k=1

∂nΦh(0)

∂ϵn−kt ∂xkt
·

(
n−k⊗

v ⊗ Et

[
k⊗

xt | xt ∈ A

])]

=
∂Φh(0)

∂ϵt
· v +

∂2Φh(0)

∂xt∂ϵt
· (Et[xt | xt ∈ A]⊗ v) +

1

2

∂2Φh(0)

∂ϵ2t
· (v ⊗ v) + o(∥[Et[xt | xt ∈ A],v]∥)

Since the event (xt ∈ A) generates a σ-algebra which is a subset of the information
set at time t, conditioning on both is equivalent to conditioning on their intersection, i.e.
only the event itself:

Et[xt | xt ∈ A] = E[xt | σ(xt ∈ A) ∩ Ft]
σ(xt∈A)⊂Ft

= E[xt | xt ∈ A]

Hence, we get the expression in the statement of the Proposition.

A.2 Computation of IRFs and Standard Errors

Let β̂h0 and β̂h1 be the OLS estimators of the coefficients in Equation 5. This means that
the variance of the estimators in Equation ?? can be computed as

V ar
(
ÎRF (t, h, v | ηt−1 < 0)

)
=
(
V ar

(
β̂h0

)
+ E[ηt−1 | ηt−1 < 0]2V ar

(
β̂h1

)
+2Cov

(
β̂h0 , β̂

h
1

)
E[ηt−1 | ηt−1 < 0]

)
v2

and analogously for ÎRF (t, h, v | ηt−1 ≥ 0).
Hence the upper and lower bound for the α confidence interval are

ÎRF (t, h, v | ηt−1 < 0)± zα/2

√
V ar(ÎRF (t, h, v | ηt−1 < 0))

where zα/2 is the α/2-th percentile of the Normal CDF. In this case the Normal approxi-
mation must be used because it is not guaranteed that the sum of two random variables
with Student-t distribution is not well behaved.
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B Model Derivation

B.1 Intermediary

Consolidating the first and second constraints of Problem (8), subsitituting for Nt+1, and
writing down the Lagrangian, the problem becomes

Vt(Nt) = max
Kt+1

(1 + φt)EtΛt,t+1

{
(1− σ)[(Rk

t+1 −Rt)QtKt+1 +RtNt]

+σVt+1

(
(Rk

t+1 −Rt)QtKt+1 +RtNt

)}
− φtQtKt+1

where φt is the Lagrange multiplier associated with the leverage constraint. First order
conditions:

(1 + φt)Et
[
Λt,t+1(1− σ + σV ′

t+1(Nt+1))(R
k
t+1 −Rt)Qt

]
− φtθQt = 0

Hence:

Et
[
Λt,t+1(1− σ + σV ′

t+1(Nt+1))(R
k
t+1 −Rt)

]
=

φt
1 + φt

θ

Let Vt(Nt) = ψtNt and µt = φt

1+φt
and obtain the FOC for the portfolio choice of

the bank by combining the two equation above. Furthermore, we can rewrite the bank’s
Bellman equation as:

ψtNt =Et
{
Λt,t+1(1− σ + σψt+1)[(R

k
t+1 −Rt)QtKt+1 +RtNt]

}
=Et

{
Λt,t+1(1− σ + σψt+1)[(R

k
t+1 −Rt)QtKt+1]

}
+ Et[Λt,t+1(1− σ + σψt+1)RtNt]

=θµtQtKt+1 + Et[Λt,t+1(1− σ + σψt+1)]RtNt

=µtψtNt + Et[Λt,t+1(1− σ + σψt+1)]RtNt

Notice that the last equality holds always true: if the constraint binds, θQtKt+1 =

ψtNt, whereas if it doesn’t bind µt = 0 meaning that the first term disappears.
Cancelling out Nt and solving for ψt gives Equation 10. Furthermore we can solve for

µt and get
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µt =

{
ψtNt−Et[Λt,t+1(1−σ+σψt+1)]RtNt

θQtKt+1
θQtKt+1 = ψtNt

0 θQtKt+1 < ψtNt

=

{
1− Et[Λt,t+1(1−σ+σψt+1)]RtNt

θQtKt+1
θQtKt+1 = ψtNt

0 θQtKt+1 < ψtNt

Since Et[Λt,t+1(1−σ+σψt+1)]RtNt

θQtKt+1
= Et[Λt,t+1(1−σ+σψt+1)]RtNt

ψtNt
< 1 as long as the constraint

binds, whereas Et[Λt,t+1(1−σ+σψt+1)]RtNt

θQtKt+1
= ψtNt

θQtKt+1
> 1 if it doesn’t, we can rewrite the

expression for the multiplier as Equation 11.

B.2 Asset Pricing

Let Ψt = 1− σ + σψt. Using this notation and applying the definition of covariance, we
can rewrite the left hand side of Equation 9 as follows:

Et
[
Λt+1Ψt+1(R

k
t+1 −Rt)

]
=Et [Ψt+1]Et

[
Λt+1(R

k
t+1 −Rt)

]
+ Covt(Ψt+1,Λt+1(R

k
t+1 −Rt))

=Et [Ψt+1]Et [Λt+1]Et[Rk
t+1 −Rt] + Et [Ψt+1]Covt(Λt+1, R

k
t+1 −Rt)

+ Covt(Ψt+1,Λt+1(R
k
t+1 −Rt))

=Et [Ψt+1]
Et[Rk

t+1 −Rt]

Rt

+ Et [Ψt+1]Covt(Λt+1, R
k
t+1)

+ Covt(Ψt+1,Λt+1R
k
t+1)− Cov(Ψt+1,Λt+1)Rt

Similarly, by definition of ψt we obtain the following:

Ψt =1− σ + σµtψt + σEt [Λt+1Ψt+1]Rt

=1− σ + σµtψt + σEt [Ψt+1] + σCovt(Λt+1,Ψt+1)Rt

Hence, plugging these two expressions into the optimality condition for the represen-
tative financial intermediary (Equation 9), we can solve for the excess return on capital:

Et[Rk
t+1]

Rt

=
θµt + Et[Ψt+1] + Cov(Ψt+1,Λt+1)Rt

Et[Ψt+1]
− Covt(Λt+1, R

k
t+1)−

Covt(Ψt+1,Λt+1R
k
t+1)

Et[Ψt+1]

=
θµt +

Ψt−1−σ
σ

− ψtµt

Et[Ψt+1]
− Covt(Λt+1, R

k
t+1)−

Covt(Ψt+1,Λt+1R
k
t+1)

Et[Ψt+1]

=
θµt + ψt(1− µt)

1− σ + σEt[ψt+1]︸ ︷︷ ︸
Liquidity

−Covt(Λt+1, R
k
t+1)︸ ︷︷ ︸

Risk

−
σCovt(ψt+1,Λt+1R

k
t+1)

1− σ + σEt[ψt+1]︸ ︷︷ ︸
Liquidity Risk
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B.3 Equilibrium

The total lump sum rebates to the household are the government transfers (taxes), the
profit of the capital good producer, the net worth of exiting intermediaries (which will
be labelled as N exit

t ) minus the net worth of the newly born intermediaries (which will
be labelled as Nnew

t ). Hence:

Tt = T̃t +QtIt − Φ

(
It
Kt

)
Kt +N exit

t

= (1− eσ
ν
t νt)Dt − (1− eσ

ν
t−1νt−1)Rt−1Dt−1 +QtIt − Φ

(
It
Kt

)
Kt +N exit

t −Nnew
t

Furthermore, the total net worth in the economy at any given time is N surv
t +Nnew

t =

QtKt+1 − D̃t

Rt
, whereas we can write

N surv
t+1 +N exit

t+1 = Rk
t+1QtKt+1 − D̃t

Lastly, remember the formula for the return on capital:

Rk
t =

Ξt +QtKt+1

Qt−1Kt

=
Yt −WtLt −QtIt + (1− δ)QtKt +QtIt

Qt−1Kt

=
Yt − fζQtKt − (1− f)(1− α)Yt + (1− δ)QtKt

Qt−1Kt

=
(α + f(1− α)) Yt

Kt
+ (1− δ − fζ)Qt

Qt−1

.

Hence, plugging the second equality above in the household budget constraint

Ct + eσ
ν
t νtDt =e

σν
t−1νt−1Rt−1Dt−1 +WtLt +QtIt − Φ

(
It
Kt

)
Kt +N exit

t −Nnew
t

Ct +QtKt+1 −N surv
t −Nnew

t =Rk
tQt−1Kt −N surv

t −N exit
t +WtLt +QtIt − Φ

(
It
Kt

)
Kt

+N exit
t −Nnew

t

=Yt −WtLt −QtIt +QtKt+1 −N surv
t +WtLt +QtIt − Φ

(
It
Kt

)
Kt

−Nnew
t

Ct + Φ

(
It
Kt

)
Kt =Yt
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C Numerical Solution

C.1 Solution Method and Algorithm

1. Solve the unconstrained version of the model, which reduces to a standard RBC
model with quadratic adjustment costs for investment;

2. Use the solution to the unconstrained model to solve the occasionally constrained
versions of the model for different levels of θ, starting from very low and progres-
sively increasing.

The solution of each model is achieved running a loop. We start with a guess ϑ0 =

(ℓ0, R0, ψ0) which is the solution to the previous model (either unconstrained or with a
lower level of θ). Suppose that we have solved for ϑn = (ℓn, Rn, ψn) at the end of the n-th
iteration of the loop, then the n+ 1-th iteration reads:

1. Given a guess ℓ̃n+1, compute the implied (c̃n+1, ĩn+1, ỹn+1, Q̃n+1, ũcn+1) using the
contemporaneous Equations 13 to 17;

2. Given (ℓn, Rn, ψn), compute (cn, in, yn, Qn, ucn, nn, p
′
n) using the contemporaneous

Equations 13 to 17;

3. Compute expectations for u′cn, u′cn(1 − σ + σψ′
n) and u′cn(1 − σ + σψ′

n)(R
k
n)

′ using
projection method and define

Esdf = E[u′cn(1− σ + σψ′
n)]

ERk = E[u′cn(1− σ + σψ′
n)(R

k)′]

4. Update ℓn+1 solving the following nonlinear equation for ℓ̃n+1:

(
β
(1− δ + ĩn+1)

−γ

ũcn+1

(ERk − Esdf ·Rn)

)2

− (µ̃n+1θ)
2 = 0 (23)

where all the tilde variables are functions of the unknown ℓn+1, and µ̃n+1 is given by
Equation 21. Notice that the above equation is the quadratic version of Equation
20, and the solution must be found for each point of the grid, hence requiring a
nonlinear solver. There are multiple options, like “knitro” or the built-in “fsolve”.
In both cases, an initial guess is required, and we always start from ℓn;
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5. Update Rn+1 and ψn+1 using Equations 19 and 22 respectively:

Rn+1 =
(1− δ + in+1)

γucn+1

E[u′cn]

ψn+1 = max

{
1− σ + σ

E[u′cnψ′
n]

E[u′cn]
,
θQn+1

nn+1

}

6. If || log(ϑn+1/ϑn) ||∞< 10−8, stop, keep iterating otherwise.

C.2 Simulation and IRF Computation

Let X−T−1 be the initial vector of states, φY (•; σν) the vector of policy functions for all
the endogenous variables of the model given a value for σν , and φX(•; σν) be the law
of motion of the state vector. Hence, given the sequence of shocks (εt(j))

−1
t=−T−1, with

εt = (εzt , νt), each economy j = 1, ..., N can be simulated as

Xt(j) = φX(Xt−1(j); σν) + εt(j)

Yt(j) = φY (Xt(j); σν)

Let

σνh =

{
σν + εσ h = 0

ρσσ
ν
h−1 + (1− ρσ)σν h = 1, ..., H

The dynamics of the economy, whether the shock hits (Y 1
h (j)) or not (Y 0

h (j)), is
computed as:

X1
h(j) = φX(X

1
h−1(j); σ

ν
h)

Y 1
h (j) = φY (X

1
h(j); σ

ν
h)

and

X0
h(j) = φX(X

0
h−1(j); σ

ν)

Y 0
h (j) = φY (X

0
h(j); σ

ν)
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