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Abstract

This paper studies how downside risk affects monetary policy through risk premia and wealth effects. |
develop a New Keynesian macro-finance framework in which increases in tail risk raise required returns on
risky assets, depress asset valuations, reduce private wealth, and lower aggregate demand. With nominal
rigidities, this mechanism lowers the neutral real rate relevant for policy. Using option-implied disaster
probabilities, | show empirically that tail-risk shocks behave like negative aggregate demand shocks:
output, consumption, investment, employment, inflation, and safe yields all fall following an increase
in disaster risk. Quantitatively, tail risk is a first-order driver of the neutral rate: a one percentage-
point increase in disaster probability lowers rf by about 16 basis points. Policy counterfactuals imply
that a central bank that tracks this risk-adjusted neutral rate stabilizes output and inflation much more
effectively than one that ignores it. Finally, | construct a new historical estimate of the risk-adjusted
neutral rate, showing that conventional measures miss sharp crisis-time declines associated with elevated

risk premia and financial stress.
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1 Introduction

In the third quarter of 2007, the Federal Reserve began cutting interest rates at a pace that
standard monetary policy benchmarks could not justify. Figure 1 shows the puzzle. Starting
in late 2007, the federal funds rate fell sharply from above 5% to near zero by the end of
2008, while the original Taylor (1993) rule prescribed holding rates near 4-5% for much of
the same period. The divergence is large, sustained, and economically consequential.

A natural first explanation is that the standard inputs into the Taylor rule—inflation
and the output gap—must already have deteriorated enough to warrant aggressive easing.
Figure 2 shows why that explanation is incomplete. Through the middle of 2007, inflation
remained elevated, driven in part by commodity-price movements, and the output gap
was closing only gradually in real time.! Taken at face value, those signals called for
patience, not a rapid sequence of cuts. The same conclusion holds across the usual rule
variants: balanced-approach, inertial, first-difference, and effective-lower-bound-adjusted
specifications all prescribe policy rates materially above the realised federal funds rate for
much of 2007 and into 2008; see Appendix A.1.

Figure 1: Federal Funds Rate vs. Taylor Rule During the Financial Crisis
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Notes: The figure plots the effective federal funds rate, the prescription from the original Taylor (1993) rule using
real-time data, and the disaster probability implied by out-of-the-money S&P 500 put options following Barro and Liao
(2021). Shaded region indicates NBER-dated recession (December 2007—June 2009). Taylor rule: /* = r* + 7 +
0.5(m — 1) + 0.5y, where r* = 2%, 7 = 2%, and the output gap uses real-time estimates.

IReal-time estimates of the output gap draw on Greenbook projections where available and CBO estimates other-
wise.



Figure 2: Taylor Rule Components: Inflation and Output Gap
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Notes: The figure plots the GDP deflator inflation rate and the output gap (100 times the log deviation of real GDP
from potential GDP) using real-time data. Shaded region indicates NBER-dated recession (December 2007—June
2009).

What changed in late 2007 was not only the outlook for realised inflation and activity.
Financial markets also began pricing a sharp increase in downside macroeconomic risk.
The third series in Figure 1 gives one measure of that repricing: the probability of a rare
macroeconomic disaster inferred from out-of-the-money S&P 500 put options following
Barro and Liao (2021). This measure rose sharply just as the federal funds rate began its
sustained departure from the Taylor prescription and peaked during the acute phase of the
crisis. Other market-based indicators tell a similar story. As Appendix A shows, the VIX and
the Excess Bond Premium of Gilchrist and Zakrajsek (2012) spiked well ahead of the worst
deterioration in the conventional Taylor-rule inputs. FOMC statements and speeches from
this period are explicit: policymakers repeatedly cited heightened downside risks, financial-
market disruptions, and unusual uncertainty as reasons for accommodation.?34°°

This observation points to a broader question. What should monetary policy do when
financial markets reprice downside risk in a way that moves asset prices, private wealth,
and aggregate demand? Standard New Keynesian models offer only a partial answer. In

the benchmark framework, risk enters through the mean and variance of shocks, while the

2https:/ /www.federalreserve.gov/newsevents/pressreleases/monetary20070807a.htm
3https://www.federalreserve.gov/newsevents/pressreleases/monetary20070817b.htm
*https://www.federalreserve.gov/newsevents/pressreleases/monetary20070918a.htm
Shttps://www.federalreserve.gov/newsevents/speech /kroszner2007116a.htm
Shttps://www.federalreserve.gov/newsevents/speech /bernanke20071015a.htm
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policy problem is typically summarised by inflation and the output gap. But crisis episodes
are precisely periods in which the left tail thickens, risk premia rise, and asset valuations
move sharply. If those valuation changes affect spending through wealth effects, then they
also move the equilibrium real rate relevant for policy. A central bank that ignores this
mechanism can misread the stance of policy precisely when the economy is most exposed.

The main contribution of this paper is to develop and document a risk-premium channel
of monetary policy through wealth effects. The core mechanism is simple. When downside
risk rises, investors demand greater compensation for holding risky claims. Risk premia
increase and asset prices fall. Lower asset prices reduce household wealth and weaken
aggregate demand. With nominal rigidities, this decline in demand lowers the equilibrium
real interest rate, so the appropriate policy intercept falls as well. In this environment,
monetary policy should respond not only to inflation and slack, but also to movements in a

risk-adjusted neutral rate.

The mechanism. The argument can be summarised in five steps. First, higher-order
features of the aggregate shock distribution—in particular negative skewness and excess
kurtosis—raise required returns on risky assets. Second, those movements in required re-
turns depress equity prices and broader asset valuations. Third, lower valuations reduce
private wealth and contract spending through wealth effects. Fourth, weaker demand low-
ers the equilibrium real rate of interest, r;. Fifth, monetary policy should accommodate that
decline in rf if it Is to stabilise output and inflation. The key economic object is therefore
not tail risk in isolation, but the way tail risk works through risk premia and wealth effects
to move the neutral rate.
This logic implies a simple generalisation of the standard neutral-rate concept. In the
model developed below, the risk-adjusted neutral rate can be written as
re = w - W (1)

~—
Ramsey benchmark  Risk wedge

where g; Is expected productivity growth, p is the rate of time preference, and Wk is a
wedge that depends on the full shape of the shock distribution, including variance, skewness,
kurtosis, and higher-order moments. The same forces that raise compensation for bearing
downside risk in asset markets also lower the equilibrium real rate relevant for monetary
policy. In that sense, the paper links two objects that are usually studied separately: the

equity premium and the neutral rate.’

"The paper focuses on the demand-side channel running from changes in downside risk through asset prices to
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What this paper does. | develop this argument in three steps. First, | build a tractable
New Keynesian macro-finance model in which a representative household with Epstein—Zin
preferences values the full distribution of future consumption. The model nests the standard
Gaussian benchmark as a special case, but it allows the same risk wedge that drives asset
premia to enter the IS relation and the neutral rate. This delivers a transparent theoretical
result: shocks to downside risk shift r; through their effects on equilibrium asset prices and
private wealth.

Second, | take the mechanism to the data. Using the disaster-probability series of Barro
and Liao (2021), constructed from deep out-of-the-money S&P 500 put options, | show
that increases in downside risk behave empirically like negative aggregate-demand shocks.
Identified shocks reduce output, consumption, investment, and employment simultaneously
on impact, while inflation and safe yields fall alongside real activity. This joint response
Is exactly what the wealth-effect channel predicts: a rise in required returns depresses
valuations, contracts demand, and lowers the equilibrium real rate.

Third, | use the theory to measure the policy-relevant object. | construct a new risk-
adjusted estimate of the neutral rate that augments the standard Laubach and Williams
(2003) framework with time variation in downside risk, disciplined by option-implied disaster
probabilities and the VIX. This series provides a market-informed measure of movements
in rf that standard trend-based estimates smooth away. | then embed the mechanism in a
quantitative continuous-time New Keynesian model with disaster jumps and use it to study

policy rules and counterfactuals around the onset of the Global Financial Crisis.

Main results. The paper establishes four results.

First, risk premia and wealth effects are quantitatively important drivers of the neutral
rate. A one-percentage-point increase in disaster probability lowers rf by roughly 16 basis
points, an effect much larger than that of an equivalent increase in diffusion volatility.
Crisis-time movements in the neutral rate are therefore not explained primarily by slow-
moving trend forces. They also reflect sharp changes in the price of downside risk and the
associated revaluation of wealth.

Second, the model implies that monetary policy should track a risk-adjusted neutral rate.
In the analytical model, the same wedge that widens the equity premium lowers r{. In the
quantitative model, a policy rule that responds only to conventional macro variables sets

rates too high when downside risk rises. A rule that tracks the risk-adjusted neutral rate

spending and the neutral rate. Other manifestations of tail risk, especially cost-push or supply-side channels, are
important but left for future work.



stabilises output and inflation much more effectively, even though it does not eliminate the
rise in financial stress itself.

Third, the historical counterfactual around 2007—-08 is economically large. A calibrated
model matched to the onset of the crisis implies that the Federal Reserve accommodated
a substantial but incomplete part of the tail-risk-driven fall in r;. Had policy ignored that
decline entirely, the contraction in output would have been much more severe. The inter-
pretation is not that the Fed directly targeted option prices or higher moments; it is that
policy partially responded to a fall in the neutral rate induced by rising downside risk.

Fourth, conventional estimates of r miss crisis dynamics. The risk-adjusted neutral rate
falls sharply in the Global Financial Crisis and again during COVID-19, by amounts that
are largely absent from standard benchmarks such as Laubach and Williams (2003). This
changes the interpretation of the policy stance. A real rate that appears accommodative
relative to a smooth trend-based estimate can be close to neutral, or even restrictive, once

financial repricing and wealth effects are taken into account.

Related literature. This paper sits at the intersection of three literatures.

The first is the asset-pricing literature on rare disasters and higher-order risk. A large
body of work shows that investors demand compensation not only for variance but also for
skewness, kurtosis, and disaster exposure, and that these risks help account for the equity
premium and the low risk-free rate (Barro, 2006a; Gabaix, 2012; Gourio, 2012; Wachter,
2013). That literature has been highly successful in explaining asset prices, but it has
largely taken monetary policy as given. My contribution is to bring those same risk-pricing
forces into a monetary environment and show that they move the neutral rate through
aggregate-demand effects.

The second is the macro-finance literature on wealth effects and demand-driven reces-
sions. Declines Iin asset prices reduce household net worth and compress spending, with
potentially large consequences for output and employment (Brunnermeier et al., 2024; Ca-
ballero and Simsek, 2020; Del Negro et al., 2017a). This paper builds on that insight but
adds a monetary-policy margin: once wealth effects are combined with nominal rigidities,
changes in risk premia become changes in the policy-relevant equilibrium real rate.

The third is the literature on the natural rate of interest. Existing work has emphasised
secular forces such as trend growth, demographics, and safety premia in explaining the
decline in r* (Brunnermeier et al., 2024; Del Negro et al., 2017b; Laubach and Williams,

2003). | show that time-varying downside risk generates large, rapid, and crisis-timed



movements in r; that are missed by those approaches. In this respect, the paper also
relates to the uncertainty literature (Bloom, 2009; Bloom et al., 2018; Kozeniauskas et al.,
2018; Kozlowski et al., 2019), but with a sharper mechanism: the relevant object is not
uncertainty in general, but the component of risk that commands a premium in financial

markets, revalues wealth, and feeds back into demand.

The remainder of the paper proceeds as follows. Section 2 presents a two-period ana-
lytical model and derives the risk-premium wedge linking asset prices and the neutral rate.
Section 3 documents the macroeconomic effects of downside-risk shocks. Section 4 devel-
ops the continuous-time New Keynesian model with jump-diffusion technology. Section 5
calibrates the model, evaluates the quantitative importance of downside risk for the neutral
rate, and studies policy counterfactuals around the Global Financial Crisis. Section 6 es-
timates the risk-adjusted neutral rate and presents its historical decomposition. Section 7

concludes.

2 Stylised Model

The model builds on Caballero and Simsek (2020), who develop a New Keynesian frame-
work with wealth effects in which fluctuations in perceived risk generate demand recessions
through their effect on asset prices and household portfolio allocation. | modify their frame-
work to characterise the full distribution of aggregate risk rather than its second moment
alone. This extension allows me to derive how each higher-order cumulant of the shock
distribution enters equilibrium asset prices, and how the resulting movements in risk premia
feed through wealth effects into the neutral rate relevant for monetary policy. The central
result of the section is that the same risk wedge that widens the equity premium also lowers
the equilibrium real rate, providing a simple analytical link between asset pricing, wealth

effects, and monetary policy.

2.1 Environment

Consider a two-period economy, t € {0, 1}, with a single consumption good that serves as
the numeraire. Production uses a single factor, capital, with supply fixed and normalised

to unity.



Production and New Keynesian firms. Firms face fully rigid nominal prices at t = 0; prices
become flexible at t = 1. Let z; denote capital productivity, which equals potential output.
At t = 0, firms meet consumption demand ¢y up to potential output, so actual output

satisfies:
Yo= ¢ < z9. (2)

| normalise zg = 1, so that period-0 potential output serves as the natural unit of account.
At t = 1, prices are flexible and output reaches potential, y; = z;. Since zg = 1, the
period-1 productivity level z; can be interpreted simultaneously as potential output at t =1
and as the gross growth rate of potential output between the two periods. | therefore define
G = log z;, which is the log productivity level at t = 1 and equivalently the log growth rate
of potential output, or TFP growth. The variable G is stochastic, and its distribution is the
central object of the model.

Monetary policy. With fully sticky prices at t = 0, the real interest rate equals the nominal
policy rate. The central bank sets r” to target the neutral rate, defined as the rate consistent
with output at potential, yop = zy = 1.° The question is therefore how the distribution of
G changes the value of r’ that clears goods and asset markets at full employment.

Distribution of G: the cumulant-generating function. Rather than imposing a parametric
distribution on G, | characterise it through its cumulant-generating function (CGF). For
a random variable G, the CGF is defined as c,(8) = log[E[e?®] and encodes the entire
distribution of G in a single analytic object (Billingsley, 1995). Its key property is that
successive derivatives evaluated at 8 = 0 deliver the cumulants of G: the first cumulant is
the mean, the second is the variance, the third is related to skewness, the fourth to excess
kurtosis, and so on. Expanding around zero gives:

K4

_ 667 _ K20 | K33
c;(0) = logE[e”] = k10 + 20 + 69 +24

AR (3)

where k, denotes the /-th cumulant of G. The CGF is particularly convenient for asset
pricing because expected exponential payoffs, which appear naturally in the pricing of any
asset with log-linear returns, can be expressed directly in terms of the CGF evaluated
at an argument equal to the investor’'s risk aversion. Martin (2013) exploits precisely
this structure to characterise consumption-based asset prices under an arbitrary return
distribution, and the approach has since become standard in the macro-finance literature

8| abstract from the zero lower bound throughout the stylised model.



for pricing assets whose returns exhibit skewness and heavy tails. | follow the same approach
here. Crucially, the representation in equation (3) imposes no parametric restriction on the
shock distribution: skewness, kurtosis, and tail thickness all enter equilibrium outcomes
directly, and the standard Gaussian case, in which k, = 0 for all n > 3, emerges as a

special case.

2.2 Asset Market Structure

Households allocate savings between two assets.

Asset menu. The first asset is a risk-free bond in zero net supply, which pays one unit of
the consumption good per unit invested and carries log return r*. The bond being in zero
net supply means that in equilibrium all bond positions are held domestically and net out:
the bond serves to transfer resources across states but does not represent net claims on
the productive sector.

The second asset is the market portfolio, a claim on period-1 output y;. Let O denote

its equilibrium price at t = 0. The log return on the market portfolio is:

M = log (g) . (4)

At t = 1, prices are flexible, so firms produce at potential and y; = z. Making this

substitution and recalling the definition G = log z;, the market return becomes:
r'm=G—logQ, (5)

where log Q is determined at t = 0 and is therefore non-stochastic from the perspective of
the household. The market return is consequently an affine function of the TFP growth

shock G, shifted by a constant known at the time the portfolio decision is made.
The CGF of the market return. Since r" = G — log Q is an affine shift of G, the CGF of
the market return inherits the CGF of TFP growth directly.

Lemma 2.1 (CGF of the market portfolio). Let ¢,(6) = logE[e?""] denote the CGF of

the market return. Then:
cm(8) = c;(8) — 6log Q. (6)

Proof. See Online Appendix B. []



This result has an important implication. The log price log Q enters equation (6) only
through the linear term 6log Q, which affects the first derivative of the CGF at 8§ = 0 and
hence only the first cumulant. All higher-order cumulants of the market return are therefore
identical to those of TFP growth:

kn(r'") = kn(G), nz?2. (7)

This means that the variance, skewness, kurtosis, and all higher cumulants of asset re-
turns in this economy are determined entirely by the assumed distribution of TFP growth.
Equilibrium asset pricing pins down the expected return on the market portfolio, but it
cannot alter the shape of the return distribution beyond the mean. Whatever distributional
assumptions | place on G therefore translate directly and without distortion into the higher-
order cumulants of market returns. The CGF representation in equation (6) thus provides
a tight link between the underlying macroeconomic shock distribution and the asset return

distribution that households face, with no parametric restriction imposed on either.

2.3 The Household Problem

The economy is populated by a representative household endowed with current output yg
and the market portfolio. At t = 0, the household allocates wealth between consumption
Co and savings ag. Savings are invested in a portfolio composed of a share w in the risky
market asset and a share 1 — w in the risk-free asset.

Preferences take the form of Epstein-Zin utility with unitary elasticity of intertemporal
substitution and risk aversion v > 1.° The household solves:

max  logco+ e ?log Uy,
Co, do, W

where U; = (E[c;])"", v>1,

subject to  ¢g+ ag = yo + Q,
—

The period-0 budget constraint has two components. The term yy is the household’s

9Unitary EIS delivers the log-linear consumption rule used below and simplifies the aggregation of higher-order risk.
See Online Appendix B.1 for the full derivation of the preference specification.
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endowment of current output. The term Q is the date-0 market value of the aggregate risky
claim: it is the price at which the household sells its endowment of the market portfolio.
Together they constitute spendable wealth, Wy = yy + Q. The period-1 constraint reflects
the gross return on the savings portfolio RP(w), which is stochastic through the market
return r'.

The homotheticity of preferences allows this problem to decompose into two stages: an

intratemporal portfolio choice and an intertemporal savings decision.

Portfolio choice. Conditional on savings ag, the household selects the portfolio weight w
to maximise the certainty-equivalent utility of terminal wealth. The optimal w satisfies the

Euler equation:

E[M(w) ef’"] —1, (8)

where M(w) is the stochastic discount factor.'® Equation (8) equates the risk-adjusted
returns on the two assets. The SDF M is high in bad states and low in good states, so
optimality requires that expected payoffs, weighted by marginal utility, are equalised across

assets.

Intertemporal savings decision. Recall Wy = yp+ O denotes total household wealth at t =
0. Given the optimal portfolio weight, solving the savings problem with log utility delivers

a consumption-wealth ratio that is constant and independent of investment opportunities:

1
Co—m\/\/o. (9)
INRYY |
BT 1o

Asset market clearing requires that the entire market portfolio is held, so w = 1. Imposing
this condition and combining equation (9) with goods market clearing yo = ¢ yields,
following Caballero and Simsek (2020):

Yo =¢"Q. (11)

Equation (11) is the key result of the household block and makes the wealth transmission
channel explicit. A fall in the asset price Q reduces household wealth W, directly. With
the consumption-wealth ratio fixed by log utility, lower wealth passes through into lower
consumption ¢y. Because prices are rigid at ¢ = 0, goods market clearing converts this

10T he derivation of M and the full first-order conditions are in Online Appendix B.3.
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demand shortfall into lower output rather than lower prices, giving yy = ¢o. Equation (11)
therefore summarises the central link in the paper: asset prices move wealth, and wealth
moves aggregate demand. What remains to be shown is how the distribution of G feeds
into @ through equilibrium asset pricing. That is the task of the next subsection.

2.4 Asset Prices

Equity Risk Premium. To see how higher-order cumulants of the return distribution affect
equilibrium asset prices, it is useful to isolate the component of the market return that is
purely about risk. Subtracting the first moment of r™ constructs a mean-zero pure risk
shock:

E=r"—E[r"]. (12)

By construction, k1(€) = 0, while all higher-order cumulants are inherited unchanged from
rm: kn(€) = kp(r™) for all n > 2. Stripping out the first moment isolates the second
cumulant and above, leaving a shock that captures purely the shape of the return distribution
with no contribution from expected returns. The CGF of € is then cz(0) = c,,(0) —0E[r™].

We can now characterise how these higher-order cumulants determine the equity pre-
mium. The result shows that the equity premium equals a risk wedge W ({k,}), a weighted
sum over the cumulants of € with coefficients pinned entirely by the household'’s risk aver-

sion.

Theorem 1 (Equity Risk Premium). Let r' denote the log market return with CGF c,,(0) =
log E[e?"], and let € = r™ —E[r™] be the pure risk shock with CGF c£(8) = cyn(6) — 0 E[r™]
and cumulants {k,},>>. Define the risk-wedge coefficients:

(=7)"-(A—=9)"
n!

Th

: n>1,

and the risk wedge:
W({{kn}) = ZTn kn = (=) — ce(1 —1). (13)
n=1

Given y > 1, the market-clearing allocation w = 1 is supported if and only if:

E[r"] =" = W({ks}) = > Tokn, (14)
Equ;'ty;;emium Risk‘v;edge n=1

where E[r"] = k1(G) — log Q.

12



Proof. See Online Appendix B.4. []

Equation (14) is exact for any distribution for which the CGF exists, exhaustive in that
every cumulant of € enters the equity premium, and interpretable in that the coefficients
T, measure how much risk aversion amplifies each cumulant, growing in magnitude with
both n and <y so that a more risk-averse household is disproportionately sensitive to the
shape of the left tail. The standard mean-variance result, where only kK> matters, is the
Gaussian special case with Kk, = 0 for n > 3. Expanding the first few terms:
2y —1 3y—3y2-1 4y — 62 + 4y — 1
+ K3+ K

W({kn}) = (1 —7) k1 + 5 Ko 6 3 o7

4+

(15)

The n = 1 term vanishes by construction: since € is mean-zero, k1(€) = 0, so expected
returns contribute nothing to the risk wedge and the sum is determined entirely by Kk, and
above. For v > 1, the wedge is increasing in variance and excess kurtosis but decreasing
In skewness, so a distribution with a thicker left tail raises the required equity premium.
To restore equilibrium after an increase in the risk wedge, the equity premium must widen.
Since E[r'] = k1(G) — log Q, this occurs through a fall in the equilibrium asset price
Q. Through equation (11), that fall in asset prices reduces wealth and contracts output
directly. The higher-order moments of G therefore matter for macroeconomic outcomes
because they first move risk premia and valuations. As shown in Online Appendix B.11,
this mechanism also generates countercyclical Sharpe ratios: when tail risk rises, the reward
per unit of effective risk must increase to clear the market, producing the flight-to-safety

dynamics observed In the data.

Neutral Rate of Interest. The central bank seeks to hold output at potential. Given the
normalization of the capital stock and initial productivity (zg = 1), potential output at
t = 0 is unity, so the monetary authority achieves yy = y; by setting the risk-free rate rf

equal to the neutral rate.

Proposition 2.1 (Risk-Adjusted Neutral Rate). The neutral real rate consistent with full
employment is:

S

Ramsey term

r* = g+p — ZT”K” (16)
n=1

——
Risk Wedge

13



where the risk-wedge coefficients T, are as defined in Theorem 1, and {k,} are the cumu-

lants of the mean-zero risk shock €.

Equation (16) has two parts. The Ramsey term g+p is the familiar deterministic benchmark:
the neutral rate rises with trend productivity growth g, since households willingly defer
consumption when future income is high, and with the discount rate p, since more impatient
households require a higher return to save. The risk wedge -, Tk, subtracts from this
benchmark, capturing the full cumulant structure of the shock distribution. As precautionary
saving rises with left-tail risk, higher-order uncertainty depresses r’* below the Ramsey level.
Standard New Keynesian models, which either linearize around a non-stochastic steady
state or restrict shocks to be Gaussian, retain only the variance term Tsk5 in this wedge;
they therefore miss the contributions of skewness and kurtosis that become quantitatively
Important during crisis episodes.

The key point is that equation (16) is not an independent condition from equation (14).
The same tail-risk variation that widens the equity premium also lowers the neutral rate.
Asset pricing and monetary policy are thus linked by a common wedge: when disaster risk
rises, risky-asset prices must fall to clear the market, wealth declines, and the equilibrium
safe rate consistent with full employment falls as well. This is the analytical version of
the risk-premium channel emphasized in the introduction. At the same time, declining
risk-free rates and falling risky-asset prices replicate the flight-to-safety dynamics docu-
mented by Lustig and Verdelhan (2012) and Campbell and Cochrane (1999), generating a
countercyclical market price of risk endogenously rather than through an assumption about

preference dynamics. Online Appendix B.11 formalizes this via a generalized Sharpe ratio.

Analytical Examples. \We evaluate equation (14) and equation (16) under two distributions
for the risk shock &, illustrating how the shape of the shock distribution enters both the

equity risk premium and the neutral rate through the common risk wedge W ({k,}).

Example 1: Gaussian benchmark. If £ ~ A(0,0?), all cumulants beyond the variance
vanish and the risk wedge reduces to T202 = (v — $)o?. The equity premium and neutral

rate are then:

E[r"] — r = ('y — %) o (17)
M =g+p—(y—3)o% (18)
The coefficient v — % combines the precautionary saving motive, proportional to -y, with

the Jensen’s inequality correction of —%. The two results share the same wedge: whatever

14



depresses the neutral rate below the Ramsey benchmark is precisely the compensation

investors require to hold the risky asset.

Example 2: Normal + Bernoulli disaster jump. lLet € = Z + (B — p)u where Z ~
N(0,02), B ~ Bernoulli(p), u < 0, and Z L B. The Bernoulli component captures the
possibility of a rare disaster of size u occurring with probability p. Figure 3 shows the
resulting mixture density for three values of p. The distribution is bimodal: the tall central
peak reflects the normal-times component, while a smaller left hump corresponds to the
disaster state. As p rises from 1% to 5%, mass shifts from the center toward the left tail,
increasing both negative skewness (k3 < 0) and excess kurtosis (k4 > 0). Both enter the
risk wedge with positive weight, amplifying the upward pressure on the equity premium and

the downward pressure on the neutral rate.

Bernoulli-Normal Mixture Density
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Figure 3: Bernoulli-Normal Mixture Density. Density of the demeaned shock € = Z+ (B — p)u
for Z ~ N(0,02), B ~ Bernoulli(p), and u < 0, under three values of the disaster probability
p. The central peak corresponds to normal-times outcomes; the left hump at € ~ u corresponds
to the disaster state. Increasing p shifts mass toward the left tail, raising negative skewness and
excess kurtosis and thereby amplifying the disaster risk wedge in (20).

Evaluating the cumulant-generating function of this mixture yields the equity premium

and neutral rate:

+ pu, (19)

disaster premium
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1—p+ pe™
1—p+ pell=mu
The disaster premium in (19), equivalently the bracketed term in (20), is strictly positive

" =g+p—|(y—3) 0 +log +pu|. (20)

for u < 0 and v > 1, and increases monotonically in both the disaster probability p and
severity |u|. As p — 0 or u — 0, it vanishes and both expressions collapse to the Gaussian
benchmarks (17)—(18). The mixture also generates non-zero higher cumulants, in particular
negative skewness and excess kurtosis, all of which contribute positively to the wedge.'!

These examples convey a broader point: any distributional feature that raises the
marginal utility of wealth in bad states simultaneously widens the equity premium above
the Gaussian level and depresses the neutral rate below the Ramsey benchmark. The two
results are two sides of the same wedge. Taken together with the asset-pricing mechanism
of Section 2.4, which connects equilibrium valuations to output through equation (11),
these results complete the transmission channel: higher-order risk raises required returns,
lowers asset prices, depresses wealth and demand, and therefore shifts the neutral rate

relevant for monetary policy.

2.5 Comparative Statics of Disaster Risk

This section examines how macroeconomic quantities respond as disaster risk varies, us-
ing the Normal—Bernoulli framework derived in the analytical examples above. The exercise
holds mean growth g fixed throughout and asks: as the probability of a disaster p rises, how
do asset prices, output, inflation, and welfare move in equilibrium? Because mean funda-
mentals are unchanged, every response in what follows reflects the pricing of distributional
shape alone.

The key object is the risk wedge W ({k,}), which aggregates the higher-order effects of
varying p into a single sufficient statistic that simultaneously determines the equity premium,
the neutral rate, and equilibrium output. | also compute an option-implied variance measure,
VIX?, defined as the entropy of the market return. Following Martin (2017), the entropy
of the portfolio return can be recovered directly from the CGF of the market return derived
in Proposition 2.1, providing a model-consistent counterpart to the option-implied variance

observed in the data.

1 0Online Appendix B.4 provides the complete derivation and verifies that the Bernoulli-Normal CGF reproduces (19)
and (20) exactly from the general formulae (14) and (16).

16



2.5.1 Numerical lllustration

Due to the analytical tractability of the model, | solve for a global nonlinear equilibrium.
Table 1 displays the calibrated parameters; the key objects of interest are disaster size u
and probability p.*?

Parameter Description Value Source

v Relative risk aversion coefficient 4 Standard

o Time preference rate 0.005 Martin (2008)
g Steady-state growth rate 0.025 Martin (2008)
o Volatility parameter 0.02 Martin (2008)
u Disaster size —0.2 to —0.5 Barro (2006b)

Table 1: Model parameters.

Figure 4 displays comparative statics as disaster probability p varies from 0 to 5%, under
three calibrations of disaster size ranging from a conservative 20% drop (v = —0.2) to a
severe 50% drop (u = —0.5).

Interpretation. The top-left panel shows the equity premium rising sharply with p. Under
the intermediate calibration (v = —0.35), the premium climbs from near zero to roughly
3.8 percentage points as p reaches 5%; under the severe calibration (v = —0.5), it exceeds
9 percentage points. This steepening is not merely a variance effect: raising p worsens
skewness and kurtosis simultaneously, and both enter W ({k,}) with positive weight, so the
amplification is inherently nonlinear in the tail parameters. The top-middle panel shows
VIX? rising in lockstep with the premium and steepening more sharply under larger |u],
reflecting that worsening tail risk registers primarily as a rise in the market price of risk per
unit of effective volatility rather than as an increase in diffusion volatility alone.

The top-right panel shows the neutral real rate moving in the opposite direction and
by comparable magnitudes. Starting from roughly 5.3% at p = 0, r* falls to about 1.8%
under the moderate calibration and to approximately —3.8% under the severe one. The
comparison between the top-left and top-right panels is the key insight: the same increase
in downside risk that raises required compensation for holding risky assets also lowers the
return households demand on safe assets. The model therefore links equity premia and the
neutral rate through one underlying force rather than treating them as separate objects.

This repricing transmits into the real economy through the valuation channel. The

bottom-left panel shows current output yy declining with p, reflecting the asset-pricing

20nline Appendix C.5 describes the exact analytical solutions.
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Figure 4: Comparative statics from varying disaster risk. Each panel shows the equilibrium response
of key variables to changes in disaster probability p under three calibrations of disaster size u. The
figure illustrates how rare-disaster risk propagates through risk premia, asset prices, wealth, and
macroeconomic aggregates.

identity yo = e?Q: when tail risk rises, equilibrium asset prices fall to restore market
clearing, and lower valuations contract aggregate demand one-for-one. Put differently, the
movement in risk premia matters for monetary policy because it revalues wealth.

The bottom-middle panel shows expected inflation 7 rising alongside the output contrac-
tion. The mechanism is intertemporal and specific to the structure of the stylised model.
Because prices are fully rigid at t = 0, the price level today cannot adjust to the shock;
the entire burden of intertemporal goods-market clearing falls on the future price level P;.
As disaster risk rises, the precautionary saving motive intensifies: households shift demand
away from period 0 and toward period 1. With period-1 output at potential and today's
price level fixed, goods-market clearing at t = 1 requires P; to rise, pushing expected in-
flation up. In this sense, 7 is not a Phillips-curve object but an intertemporal relative-price
adjustment: it measures the gap between depressed current consumption and unchanged

expected future output, and the model clears that gap entirely through a higher future
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price level. This mechanism stands in deliberate contrast to the inflation dynamics in the
empirical evidence of Section 3 and the quantitative model of Section 4. There, disaster
risk operates as a negative demand shock under nominal rigidities, and inflation is gov-
erned by the New Keynesian Phillips curve: falling output generates slack, marginal costs
decline, and inflation falls unless policy fully accommodates the drop in the risk-adjusted
neutral rate. The two results are complementary rather than contradictory: the stylised
model isolates the intertemporal price-level adjustment required when £, is frozen, while
the quantitative model and the data reveal that under more general nominal rigidities, the
dominant effect of disaster risk is deflationary through the output gap.

Finally, the bottom-right panel reports the Lucas-style welfare cost A, defined as the
fraction of consumption the household would sacrifice to replace the risky plan with a
deterministic one growing at the mean rate R; the formal derivation is in Appendix ??.
This cost rises monotonically in both p and |u|, reaching roughly 60 basis points under the
moderate calibration and about 145 basis points under the severe one at p = 5%. These
magnitudes are an order of magnitude larger than the Gaussian estimate of Lucas (1983)
because CRRA marginal utility places disproportionate weight on the low-consumption dis-
aster state, making welfare highly sensitive to left-tail thickness in a way that a second-order

approximation cannot capture.

2.6 Truncated-Moment Monetary Policy

In practice, central banks observe only a finite set of moments when setting policy. This
subsection examines the consequences of such truncation.’®> The key insight is that the
optimal rate formula depends on the infinite sum of cumulants through the risk wedge
W({{kn}) = >_,>1 Tnkn. A central bank that targets only the first N moments uses the
truncated wedge:

N
W =3 "7k,
n=1
and sets the policy rate accordingly:

rF V) = g4 p— WM,

13| thank Lukas Boehnert for suggesting this exercise.
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This mis-setting creates a gap relative to the optimal Ramsey rate:

Arf = "N — = Z Thkn, (21)
n>N

which equals the sum of all cumulant contributions the central bank is ignoring. Whenever
the shock distribution has fat tails or negative skewness, this residual wedge is strictly
positive, meaning the central bank sets rates too high relative to the Ramsey optimum.
Interpreted through the mechanism above, the policy mistake is a failure to recognise
how much rising downside risk has depressed the neutral rate through risk premia and
wealth effects. The associated welfare cost of policy misspecification is derived in Online
Appendix D.3.

2.6.1 Quantitative Implications

Figure 5 illustrates the implications under the disaster calibration v = —0.5 as disaster

t.1* The top-left panel plots the policy rate implied

probability p varies from 0 to 5 per cen
by rules incorporating successively more moments. Under the Ramsey benchmark (dashed
line), the optimal rate falls sharply as disaster risk increases, fully accommodating the
precautionary savings motive and the decline in asset valuations. A risk-neutral central
bank (N = 1) ignores risk entirely and holds the rate fixed at g + p. As the central bank
incorporates variance (N = 2), skewness (N = 3), and kurtosis (N = 4), the policy rate
progressively converges toward the Ramsey path. Including skewness provides a meaningful
correction beyond variance alone, but a residual gap remains until the fourth moment is
included.

The top-right panel shows the consequences for real activity. Under the Ramsey rule,
output is successfully stabilised at potential. Under the risk-neutral rule, output falls sig-
nificantly as p rises, because the central bank fails to lower rates in response to rising tail
risk. Each additional moment narrows this output gap, with kurtosis effectively closing it.

The bottom panels report welfare outcomes. The bottom-right panel shows the funda-
mental Lucas welfare cost of risk A, which is independent of the policy rule and rises with
disaster probability. The bottom-left panel isolates the additional welfare loss from policy
misspecification A?\,"'. Strikingly, for a risk-neutral central bank, this policy-induced loss can
exceed the fundamental cost of risk itself, underscoring that the failure to accommodate

tail risk in setting the policy rate is not a second-order concern. There is a clear hierarchy

M Explicit formulas under the Normal-Bernoulli mixture are in Online Appendix D.4.
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across moments: variance alone reduces the loss relative to full risk-neutrality but leaves it

substantial; skewness closes much of the remaining gap; and kurtosis effectively eliminates

the policy-induced welfare cost.
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Figure 5: Policy and Welfare Outcomes under Truncated-Moment Rules. Top-left: policy rate
as a function of disaster probability. Top-right: output relative to potential. Bottom-left: welfare
loss from policy misspecification (A%"). Bottom-right: fundamental Lucas welfare cost of risk (\).
Disaster size is set to v = —0.5.

The results establish a clear hierarchy for monetary policy in a tail-risk environment. A

standard mean-variance framework is insufficient when risks are asymmetric and fat-tailed:

a central bank that monitors and responds to skewness and kurtosis comes much closer to

tracking the true risk-adjusted neutral rate and therefore achieves welfare outcomes close

to the Ramsey optimum. The broader lesson is the same as in the rest of the paper:

the policy problem is not only about tail risk per se, but about how tail risk moves risk
premia, asset prices, private wealth, and ultimately aggregate demand. This motivates the
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richer quantitative policy analysis of Section 5, where the central bank's ability to track the

risk-adjusted neutral rate is examined in a fully dynamic general equilibrium setting.
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3 Empirical Evidence

The stylised model of Section 2 delivers a set of testable predictions about the macroe-
conomic consequences of time-varying downside risk. A rise in disaster probability raises
risk premia, depresses asset valuations, lowers household wealth, and contracts aggregate
demand. Through this wealth-effect channel, the neutral real rate falls. This section exam-
ines whether these predictions find support in the data. | extract a time-varying measure
of disaster probability from deep out-of-the-money equity put options and use a structural
vector autoregression to trace the macroeconomic effects of tail-risk shocks. The empir-
ical analysis serves two purposes. First, it tests the directional implications of the model:
do shocks to downside risk generate the joint movement in asset valuations, real activity,
inflation, and safe yields implied by the theory? Second, the responses of inflation and
Treasury vyields help identify the relevant transmission mechanism. If disaster risk primarily
operates through risk premia and wealth effects under nominal rigidities, then the data
should look like a negative aggregate demand shock. Establishing that result motivates the
New Keynesian framework developed in Section 4, and the co-movement between disaster
risk and the policy rate documented in Online Appendix A.4 informs the specification of the

monetary policy rule in the quantitative analysis.

3.1 Measuring Disaster Risk

To measure time-varying tail risk, | extract the objective probability of rare disasters, py,
from the prices of far out-of-the-money put options on the S&P 500 index, following Barro
and Liao (2021). The key insight is that for sufficiently deep out-of-the-money options
with short maturities, the diffusion component of the option price is negligible and the
value is driven almost entirely by the probability of a discrete jump. Under a power-law
distribution for disaster sizes and CRRA utility, the option price is approximately linear in
p:, SO that variation in disaster probability can be recovered from time variation in option
prices after controlling for moneyness and maturity. | implement this using S&P 500 put
options, filtering for deep out-of-the-money contracts with maturities up to six months; full
details of the construction are provided in Online Appendix A.1.

Figure 6 plots the resulting disaster probability series alongside the VIX. The estimated
series exhibits substantial time variation, spiking sharply during the 2008 Global Financial
Crisis and the COVID-19 pandemic. While it co-moves with the VIX (correlation p ~ 0.7),
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the two measures capture distinct objects: the VIX reflects risk-neutral entropy (Martin,
2011), whereas p; more directly isolates changes in the perceived likelihood of extreme left-
tail events under the objective measure. For the purposes of this paper, that distinction
Is iImportant. The theory is not about uncertainty in general, but about the component
of risk that commands a premium in financial markets and thereby moves wealth and the

policy-relevant neutral rate.
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Figure 6: Estimated Disaster Probability and the VIX. The red line depicts the annualized
disaster probability extracted from S&P 500 put options following Barro and Liao (2021). The
green line depicts the VIX index. Shaded areas indicate NBER recessions.

3.2 Macroeconomic Effects of Disaster Risk Shocks

To identify the causal impact of tail risk on the business cycle, | employ a structural vector
autoregression using the maximum forecast error variance identification proposed by An-
geletos et al. (2020). | identify a single tail-risk shock as the structural shock that explains
the maximum share of the forecast error variance of the disaster probability over a finite
horizon of 0 to 40 quarters.’®> The VAR includes eight variables: the extracted disaster
probability, real GDP, real consumption, real investment, employment, the real S&P 500
return, the 5-year Treasury yield, and the VIX, estimated on quarterly U.S. data.'®

15This approach remains agnostic about the structural interpretation of the remaining shocks while rigorously iso-
lating the innovation responsible for the bulk of variation in tail risk (Basu et al., 2021).
18Sample period: 1996Q1-2023Q4. Online Appendix A.2 provides full details of data sources and transformations.
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Real activity. Figure 7 displays the impulse responses of real variables to a one standard

deviation shock to disaster probability.
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Figure 7: Real Effects of a Disaster Probability Shock. Impulse responses to a shock maximizing
the forecast error variance of the disaster probability. Shaded areas represent 68% confidence
intervals.

A shock that raises disaster probability generates a synchronized and persistent contrac-
tion in real activity: output, consumption, investment, and employment all fall significantly
on impact and remain depressed for several quarters. This positive co-movement across
components of spending Is an important finding in its own right, since it is exactly what one
would expect from a demand contraction operating through wealth effects and inconsistent
with the mechanism predicted by standard flexible-price models. Barro and King (1984)
show that in a time-separable flexible-price setting, a shock that depresses consumption
must raise investment as households redirect precautionary saving into capital accumulation,
generating a counterfactual negative co-movement. Bloom (2009) and Basu and Bundick
(2017) document the same tension: flexible-price models struggle to match the synchro-
nized contraction in real variables without additional mechanisms. The co-movement |
find is instead consistent with a demand-driven recession in which financial repricing lowers
wealth and nominal rigidities prevent prices from fully adjusting, forcing quantity reductions
across all components of spending. Bloom et al. (2018) make a related point: models with
only second-moment shocks struggle to generate this positive co-movement and typically
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require first-moment disturbances to match the data. Higher-order risk shocks of the kind

studied here offer a more direct route to the same result.

Nominal variables and the transmission mechanism. Figure 8 presents the responses of

financial and nominal variables.
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Figure 8: Financial and Nominal Responses to a Tail Risk Shock. Impulse responses of the
5-year Treasury yield, inflation (GDP deflator), and the VIX to a disaster probability shock. Shaded
areas represent 68% confidence intervals.

The VIX rises sharply on impact, confirming that the identified shock captures a broad
increase in perceived risk. More informative for the mechanism are the responses of inflation
and the 5-year Treasury yield, both of which fall significantly. This pattern contrasts directly
with the findings of Basu et al. (2021), who maximise the variance of the 5-year equity
risk premium and find that inflation and Treasury vyields rise under their identified risk
shock. They interpret this as evidence against a New Keynesian channel and propose a
real flight-to-safety model in which capital reallocation lowers TFP. When the shock is
instead identified to maximise the variance of disaster probability specifically, both inflation
and yields fall alongside output. That combination is hard to reconcile with a supply-side
interpretation. Falling output, falling inflation, and declining safe yields are instead the
hallmark of a negative aggregate demand shock under nominal rigidities.

This pattern also lines up closely with the mechanism in the stylised model. A rise in
downside risk increases the compensation required to hold risky claims, pushes up market
stress, lowers valuations, and weakens demand. The decline in the 5-year Treasury yield is
especially informative from the perspective of monetary policy: it is consistent with a fall in
the equilibrium real rate associated with the rise in tail risk. The empirical evidence therefore
supports the view that the relevant object for policy is not simply higher uncertainty, but a
risk-premium shock with macroeconomic effects operating through wealth and aggregate

demand.
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Together, the real and nominal responses paint a coherent picture: higher-order risk
shocks, interacting with nominal rigidities, generate the joint movement in financial condi-
tions, real activity, inflation, and safe yields predicted by the model. This provides direct
empirical motivation for the New Keynesian framework augmented with disaster risk devel-

oped in Section 4.7

Co-movement with monetary policy. Online Appendix A.4 documents a complementary
pattern in reduced-form Taylor-rule regressions. Augmenting a standard interest-rate rule
with the Barro—Liao disaster probability reveals a robust negative conditional correlation
between the shadow federal funds rate and measured tail risk: the implied long-run coef-
ficient is approximately —33 basis points per percentage-point increase in annual disaster
probability, conditional on inflation and the output gap. This co-movement is consistent
with the model’'s prediction that rising disaster risk depresses the neutral rate and calls for
accommodation. Read through the lens of the paper’'s mechanism, the evidence suggests
that policymakers respond not to tail risk in the abstract, but to its implications for finan-
cial conditions, wealth, and the stance of policy relative to the risk-adjusted neutral rate.
That observation informs the monetary policy rule specified in the quantitative model of
Section 4.

4 Quantitative Model

This section develops a continuous-time New Keynesian framework that integrates rare
disaster risk with nominal rigidities. The model extends the canonical New Keynesian
framework of Woodford (2003) and Gali (2015) into continuous time, augmenting the
standard Gaussian productivity process with a Poisson jump component that captures the
possibility of rare, severe economic disasters. The purpose of the framework is to bring
the mechanism from the stylised model into a fully dynamic setting: disaster risk raises
risk premia, lowers asset prices and private wealth, and thereby shifts aggregate demand
and the neutral real rate relevant for monetary policy. The model features Rotemberg
price adjustment costs, monopolistic competition, and a representative household with log
utility. Aggregate productivity follows a jump-diffusion process incorporating both Gaussian

fluctuations and infrequent severe contractions, bridging the macro-finance literature on

7Online Appendix A.3 presents robustness checks using alternative identification schemes, including Cholesky or-
dering and identification via heteroskedasticity, which yield qualitatively similar results.
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rare disasters (Barro, 2006b) with New Keynesian business-cycle theory. This delivers a
risk-adjusted neutral rate whose disaster wedge Is time-varying and state-dependent, and
generates equilibrium dynamics for inflation and the output gap that differ sharply from the

standard Gaussian New Keynesian benchmark.

4.1 Environment

The environment extends the intuition of the stylised model in Section 2 into a fully dynamic
continuous-time setting with nominal rigidities. The key departure from the standard New
Keynesian framework is that aggregate risk is characterised by a jump-diffusion process,
so that disaster probability enters equilibrium asset prices, the neutral rate, and inflation
dynamics simultaneously. In particular, the model is designed to isolate the common state
variable that links asset-pricing outcomes and monetary policy: the same rise in disaster
risk that widens risk premia also lowers the equilibrium real rate through its effect on wealth

and aggregate demand.

Technology. Aggregate productivity A; follows a jump-diffusion process. Writing log pro-
ductivity a; = log A¢:

das = uadt +oadZy + Ja dNg, Ja <0, (22)

where Z; Is a standard Brownian motion with volatility o4 > 0, N; is a Poisson process
with constant arrival intensity Ag > 0, and Jy < 0 is the log fall in TFP upon a disaster.
The process has two distinct sources of uncertainty: a continuous Gaussian component
capturing normal business-cycle fluctuations, and an infrequent discrete jump generating the
rare, severe contractions central to the model’s asset-pricing and neutral-rate implications.
For the propositions in this section, A4 and the drift u, are treated as constants; the
formulas can be read as applying conditional on a given productivity state by replacing Ax
with A(a).

Households. The representative household has preferences over consumption C; and labor

supply L;:
oo L].-Hp
e Pt [ logC; — —L dt|, 23
/ <g : 1+<p> ] (23

where p > 0 is the discount rate and ¢ > 0 Is the inverse Frisch elasticity. The household

Eo

trades a nominal risk-free bond B; earning rate /¢, supplies labor at wage W4, and receives
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profits [1; from intermediate firms. The nominal flow budget constraint is:
Bt - /tBt ‘|— WtLt —|— |_|t - PtCt.

Defining real bond holdings by = B;/P; and imposing a no-Ponzi condition lim_,, E[M7br] >
0, this integrates to the lifetime present-value budget constraint:

B WL o
-0 + Mo + Ey l/ M; Lot C/t] > Eq {/ M C dt] , (24)
IDO 0 ’Dt 0

where Mo = Eo [, M¢(M¢/P;) dt] is the present value of profits.'® Optimising over con-

sumption and labor supply yields the intratemporal condition:

and, under log utility, the real SDF M; = e *'/C;. The evolution of the SDF in the

Jump-diffusion environment is characterised in Proposition 4.1 below.

Firms and Price Setting. A continuum of intermediate producers operate linear technology

v+ = Atly and face Dixit—=Stiglitz demand with elasticity € > 1:

To introduce nominal rigidities, each firm faces Rotemberg quadratic adjustment costs

(Rotemberg, 1982) and chooses its price path p; and labor input /; to maximise:

> Pt Wil 1 (Dt)2
M| —vy: — —— (| — ) Y| dt
/0 ‘ (Ptyt Pr 2n \ pt ‘

where m > 0 governs the degree of price stickiness. As m — 0, adjustment becomes

sup E : (25)

p.!

prohibitively costly and prices approach full rigidity. The quadratic structure ensures P is
absolutely continuous with dP; = m:P; dt, though inflation can itself jump in response to

disaster arrivals. The full derivation is in Online Appendix E.3.

Output Gap. Under flexible prices, profit maximisation yields a constant markup u =

e/(e — 1) over marginal cost and efficient output:

_ _ 1\ T
Y =VA, Y::(6 > |

8The full derivation is in Online Appendix E.1.
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The log output gap measures the deviation of actual output from this flexible-price bench-

mark:

Y _
x; = log (Y—IZ?) =logC; — a; — log Y. (26)
t

In the jJump-diffusion environment, both the output gap and inflation follow jump-diffusions:
dXt = U'X,t dt + Ux,t dZt + K'X,t dNt, d'ﬂ't = ,u'7T,t dt + 0'71-'15 dZt + K,ﬂ-'t dNt

A labor continuity condition is imposed: employment does not jump at disaster times (AL; =
0), so consumption inherits TFP jumps one-for-one and the output gap is continuous at

disaster arrivals.

Asset Pricing. To connect the model to financial market observables, | introduce an ag-

gregate equity claim with dividends modeled as a levered power of consumption:
D, =xC%, $q > 1, (27)

where ¢, governs leverage and x scales dividend levels.!” This object is useful because
it lets the model speak directly to risk premia and valuation changes in financial markets.
The equity premium is characterised in Proposition 4.2 below. As \; rises, the disaster
component widens, equity prices fall, and household wealth declines. The same state
variable then enters the neutral rate through the IS curve, linking the asset-pricing and
macroeconomic sides of the model through a common risk wedge. Dividend leverage ¢4
amplifies both Gaussian and disaster components, connecting the model to the empirical

equity premium in the quantitative analysis.

Monetary Policy. The central bank sets the nominal rate /; following a Taylor rule in gap
form:
e — M = 1} + OuXe + Or(m — ), (28)

where 7* is the inflation target and (¢, ¢) are the policy response coefficients. The inter-
cept r; Is the time-varying risk-adjusted neutral real rate characterised in Proposition 4.3
below. It is through this intercept that the central bank responds to time-varying disaster
risk and the associated repricing of financial claims: a rule that accurately tracks r; accom-
modates the decline in demand induced by rising risk premia and falling wealth, while a rule
that ignores it generates systematic policy errors. The optimal specification of this inter-

19This specification is standard in the rare-disaster macro-finance literature (Barro, 2006b; Wachter, 2013).
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cept and the welfare consequences of misspecification are the central questions addressed

in Section 5.

4.2 Equilibrium Dynamics

Combining household optimality, firm pricing, and market clearing yields a continuous-time
three-equation New Keynesian system augmented with disaster risk. The propositions below
characterise the SDF, the equity premium, the IS curve, and the NKPC in turn.

Proposition 4.1 (Stochastic Discount Factor with Disasters). Under log utility with con-
sumption jumps Jc = Ja, the real SDF evolves as:

dM;
M,

= —I% dt — Oct dZt + (e_JA - ]-) dNtv (29)

where ry = 1y — T IS the real rate, d Nt = dN;— X\ dt is the compensated Poisson increment,
and oc+ = oa(1+x'(a;)) is the state-dependent consumption diffusion loading. The jump

Ja

term e A — 1 > 0 captures the discrete rise in marginal utility when a disaster arrives and

consumption falls.
Proof. See Online Appendix E.2. []

Proposition 4.2 (Equity Premium with Disasters). Let dR¢ denote the instantaneous total

equity return. The equity premium satisfies:

E:[dR¢
—f[dt i) _ = ¢aoe; +A(en—1)(1—e?). (30)
SN—— N~ ~~ -
Diffusion Risk Disaster Risk
Proof. See Online Appendix E.6. []

The equity premium decomposes into Gaussian and disaster components, each amplified by
dividend leverage ¢4. More importantly for the paper’'s mechanism, the same A; that raises
the disaster component of (30) also enters the neutral rate through the IS curve below.
The model therefore makes explicit that rising downside risk is not merely a financial market
phenomenon: it is the same state variable that moves required returns, asset valuations,

wealth, and aggregate demand.
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Proposition 4.3 (IS Curve with Disasters). The drift of the output gap satisfies:

1
. 2 —J
,U,X't:It—'frt—r;+§O'C't+>\tE |:e A_1:|, (31)
—~ Na g
Policy Stance RiskVVe dge
where the time-varying neutral real rate Is:
1
2 —J,
ri=ptpala) - S0, —AE [e77n — 1], (32)
—— X , N ~~ d
Ramsey Rate Precautionary Disaster Wedge

with A = X(at), ocr = oa(l+ X' (a¢)), and pa(ar) = ka(3 — at).
Proof. See Online Appendix E.4. []

Equation (32) identifies two channels through which disaster risk depresses the neutral rate
below the Ramsey benchmark p + ua(a;). The precautionary term —%aét is the standard
Jensen’s inequality correction, state-dependent because oc+ varies with the slope of the
equilibrium gap function. The disaster wedge —\; E[e~74 — 1] reflects the expected surge
in marginal utility at a disaster arrival and is countercyclical because A\ = X(a;) rises as
productivity falls. These are the continuous-time counterparts of the risk-wedge terms in
Proposition 2.1 of the stylised model.

The important economic implication is that equation (32) gives the dynamic version
of the paper's central mechanism. When disaster risk rises, households value safe claims
more highly, risky claims must offer a larger premium, and asset prices fall. That repricing
reduces wealth and weakens demand, so the neutral real rate relevant for monetary policy
declines. In this sense, the IS curve does not simply add a disaster term to an otherwise
standard New Keynesian system; it embeds a risk-premium /wealth-effect channel directly

into the determination of ry.

Proposition 4.4 (New Keynesian Phillips Curve). A local linearisation around the zero-
inflation steady state yields:

Wt :pﬂt‘i‘/{Xt_)\tEt[K"/r,t]: (33)

where k :=n(e — 1)(1 + @) is the slope coefficient and k¢ is the inflation jump size at a
disaster arrival.

Proof. See Online Appendix E.5. [
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The term —A:E;[kr ] captures the expected inflation jump. While disaster arrivals al-
ter the composition of inflation dynamics, they leave the expected instantaneous change
unaffected: E:[dm:] = (o7 + Kk x¢)dt, which is the same expression as in the standard
continuous-time NKPC without disasters. Equations (31), (33), and the Taylor rule (28)
form a closed three-equation system for the output gap and inflation given the state a;.
The role of disasters in this system is therefore concentrated where the mechanism suggests
it should be: in the movement of the neutral rate and financial valuations, rather than in a

fundamentally different Phillips curve.

4.3 Equilibrium Definition and Solution

Definition 4.1 (Competitive Equilibrium). An equilibrium is a collection of adapted pro-
cesses {Ct, Lt, \/t, Wt, Pt, T, it: Xt Mt} such that:

1. Households maximise (23) subject to (24).

2. Firms maximise (25) subject to demand and technology constraints.
3. Markets clear: Yy = C; and Yy = A¢Ly.

4. The IS curve (31), NKPC (33), and Taylor rule (28) hold.

5. Labor does not jump at disaster times: AL, = 0.

The equilibrium is solved numerically using a global nonlinear method. | conjecture
Markov equilibria in which the output gap and inflation are functions of log TFP: x; = x(a;)
and m; = m(a;). The labor continuity restriction implies x(a + Ja) = x(a) for all a, so the
output gap is continuous at disaster arrivals and consumption inherits TFP jumps one-for-
one.?Y

Under Markov equilibrium, both o¢; and r{ are genuinely state-dependent. Since x; =

x(a¢) and da; carries diffusion o4 dZ;, 1td's lemma yields:
ot =0ax'(a),  oce=0a(l+x(ar)), (34)

so consumption volatility equals o4 + o4+ and inherits the slope of the equilibrium gap
function. The neutral rate r; = r*(a;) is similarly time-varying through both X\; = \(a¢)
and pa(ar) = Ka(2 — a). In Section 5, these objects are computed directly from the

numerical solution x’(a;) at each grid point, and the estimated mapping r*(a) is consistent

20The solution algorithm and computational details are in Online Appendix E.7.
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with the signs implied by (32). In particular, states with higher disaster intensity are states
with higher risk premia, lower asset valuations, and a lower policy-relevant neutral rate.
That mapping is the quantitative counterpart of the common wedge derived in the stylised

model.

5 Quantitative Analysis

This section takes the continuous-time New Keynesian model to the data. The goals are
threefold: to calibrate the model so that it jointly matches key asset-pricing and business-
cycle moments, to quantify the importance of disaster-driven movements in risk premia for
the neutral rate, and to evaluate what happens to output and welfare when the central bank
fails to accommodate the resulting change in the policy-relevant rf. The quantitative model
extends the analytical framework of Section 4 along three dimensions. First, preferences
are generalised from log utility to Epstein—Zin, so that risk aversion and intertemporal
substitution can be calibrated independently. Second, the productivity and disaster processes
are made state-dependent to generate realistic persistence in valuations and countercyclical
risk premia. Third, the policy rule intercept is allowed to vary with the estimated neutral
rate, enabling a direct comparison between a central bank that tracks risk-premium-driven

movements in r; and one that does not.

5.1 Model Extensions

Epstein—Zin preferences. Log utility, while analytically convenient, forces risk aversion and
the elasticity of intertemporal substitution (EIS) to move in lockstep. Here | replace it
with Epstein—Zin preferences, parameterised by risk aversion v and EIS 1, which can be set
independently. The distinction matters in a disaster-risk environment: a high v amplifies
the effect of downside risk on required returns, asset prices, and the disaster wedge in the
neutral rate, while a high 9 governs the household’s willingness to shift consumption across
time in response to real-rate movements. Under log utility both parameters equal one, and
the price of tail risk is understated relative to the data. Full equilibrium conditions under

Epstein—Zin are in Online Appendix H.1.

State-dependent processes. Section 4 kept the disaster intensity A4 and the drift wa con-
stant to obtain transparent closed-form expressions. The quantitative model generalises in
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two ways. The productivity state a; is treated as a stationary deviation from trend, with

mean-reverting dynamics:
dar = Ky(a— a¢) dt +oadZy + JadN, dN; ~ Poisson(A(a;) dt), (35)

where kK, > 0 is the mean-reversion speed and & = 0 Iis the unconditional mean. Mean rever-
sion ensures stationarity, so that moments such as the persistence of the log dividend—price
ratio are well defined in long simulations. Disaster arrivals are countercyclical: conditional

on state a;, the Poisson intensity is

A(a) = Xoexp(—xaa), (36)

with x» > 0, so that bad states carry higher disaster risk. This state-dependence Is
central for the paper’'s mechanism: in bad states, disaster intensity rises, risk premia widen,
valuations fall, and the risk-adjusted neutral rate declines. The constant-A, model of
Section 4 is the special case x\ = 0, Kk, = 0; all the closed-form results there continue to
apply state-by-state upon replacing Aa with X(a) and p + ua with p+ k(3 — a).

Policy intercept rules. The central question of the quantitative exercise is how the Taylor-

rule intercept should respond to time-varying tail risk. The rule takes gap form:

Iy =M= 1{  +GXe + Gn(me — ),
Intercept
and the intercept can be specified in two ways. Under a fixed intercept the central bank
sets r; = 7 = 2%, ignoring time variation in risk premia and therefore ignoring the fall in
the true risk-adjusted neutral rate when disaster risk rises. The policy rate then fails to
decline sufficiently, opening a persistent wedge between the stance of policy and the true
neutral rate. Through the IS curve, that wedge contracts output and inflation. Under a

time-varying intercept the central bank tracks the full risk-adjusted neutral rate:
rf=p+ua— %aét —Xe(e™2 = 1),

accommodating the disaster wedge in real time and keeping the output gap closed. These
two regimes bracket the space of possible policy responses and form the basis of the welfare

comparison that follows.
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5.2 Calibration Strategy

The model is calibrated in two steps. A set of standard New Keynesian parameters governing
preferences, nominal rigidities, and the policy rule are fixed at conventional values reported
in Table 2. The remaining parameters—those governing disaster risk, technology dynamics,
Epstein—Zin preferences, and dividend leverage—are then estimated by simulated method
of moments (SMM).

Table 2: Directly Calibrated Parameters

Parameter Description Value Source

Preferences and Technology

o Discount rate (annual) 0.02 Standard

® Inverse Frisch elasticity 1.0 Gali (2015)

€ Elasticity of substitution 10.0 Markup = 11%
Nominal Rigidities

7 Rotemberg adjustment cost 0.00556 Targets kK ~ 0.10
Monetary Policy

O Taylor coefficient (inflation) 1.5 Taylor (1993)

O Taylor coefficient (output gap) 0.5 Taylor (1993)

™ Inflation target (annualised) 0.0338 Data mean inflation

Notes: Standard parameters are set to conventional values in the New Keynesian literature. The Rotemberg parameter
7 is chosen to target a Phillips curve slope kK = m(e — 1)(1 4+ ¢) =~ 0.10. The inflation target 7* is fixed to match
average inflation in the data and is not estimated in SMM.

The SMM procedure targets 13 moments computed from U.S. quarterly data (1954Q1-
2024Q4), spanning the mean, standard deviation, and first-order autocorrelation of the
log dividend—price ratio, equity returns, the short rate, excess returns, and output-cycle

volatility.?!

State processes in the quantitative model. Section 4 presented the model under constant
disaster intensity A4 and constant drift wa to obtain clean closed-form expressions. In
the estimation, both are generalised. The productivity state a; follows mean-reverting
dynamics as in equation (35), and disaster arrivals are countercyclical as in equation (36).

The estimated parameter vector is

9 - {>\Oy X JAv OA, Ka, wvfyv d)d}v

2IComplete moment definitions and the SMM algorithm are reported in Online Appendix H.3.
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where X\g Is the baseline disaster intensity, x» governs its countercyclicality, J is the dis-
aster jump size, 04 is diffusion volatility, K, is mean reversion, (1, ) are the Epstein—Zin
preference parameters, and ¢y is dividend leverage. Table 3 reports the SMM estimates.

Table 3: SMM Parameter Estimates

Parameter Estimate Description

Disaster Risk

Ao 0.0278 Baseline disaster intensity (annual)
X 3.16 Countercyclical slope

Ja —0.148 Disaster jump size (log TFP)
Technology Dynamics

OA 0.032 Diffusion volatility

Ka 0.081 Mean-reversion speed

Preferences

07 6.0 Risk aversion

P 1.95 EIS

Asset Pricing
off 3.45 Dividend leverage

Notes: Disaster intensity is A\(a) = Ao exp(—xxa) (clipped in simulation to [1071°,0.3]). The estimated jump size
implies a productivity drop of about 1 — e’A & 14% conditional on a disaster.

Several features of the estimates deserve comment. Baseline disaster intensity is about
2.8% per year, higher than in many calibrations of rare-disaster models but within the range
estimated by Barro and Liao (2021) from option prices. The countercyclical slope x, = 3.16
ensures that disaster risk rises substantially in bad states, generating countercyclical risk
premia and time-varying movements in valuations endogenously. The estimated jump size
Ja = —0.148 implies a roughly 14% decline in productivity conditional on disaster arrival.
The preference estimates pair moderate risk aversion (y = 6) with a high EIS (¢ ~ 1.95),
a combination that amplifies the effect of downside risk on asset prices and the neutral
rate. Dividend leverage ¢4 ~ 3.45 translates the underlying productivity risk into realistic

equity return volatility.

5.3 Moment Fit: Model vs. Data

Table 4 compares the targeted empirical moments to their model-implied counterparts.
The model matches the equity premium closely: the mean excess return is 1.17% per

quarter in the model versus 1.25% in the data, and the volatility of excess returns is 8.23%

versus 8.55%. Equity return levels and volatilities are similarly well matched. The mean
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Table 4: Targeted Moments: Model vs. Data

Variable = Moment Data Model
Equity Premium (quarterly)

rx Mean 1.25% 1.17%
rx Std. dev. 8.55% 8.23%
Equity Returns (quarterly)

re Mean 248% 2.57%
re Std. dev. 8.50% 8.23%
Short Rate (quarterly)

rb Mean 1.23% 1.40%
Valuation Ratio

log(D/P) Mean —3.67 —2.58
log(D/P) Std. dev. 0.40 0.20
log(D/P) Autocorr. 0.976  0.941

Notes: Moments are computed from quarterly U.S. data (1954Q1-2024Q4). Returns
are quarterly log returns. log(D/P) denotes the log dividend—price ratio. Model mo-
ments are computed from simulated economies at quarterly frequency.

short rate is close to its empirical counterpart (1.40% per quarter in the model versus
1.23% in the data). The persistence of equity valuations is captured reasonably well, with
the autocorrelation of log(D/P) at 0.941 in the model versus 0.976 in the data.

These are the margins that matter most for the paper's mechanism. The model gen-
erates plausible time variation in expected excess returns and valuations, so it can speak
credibly to the way financial repricing feeds into the neutral rate and monetary policy. The
main shortcomings concern the valuation ratio itself. The model understates both the mean
and the standard deviation of log(D/P): the mean is —2.58 versus —3.67 in the data, and
the standard deviation is 0.20 versus 0.40. The model thus generates dividend yields that
are too high and too stable relative to the data. This likely reflects the interaction of divi-
dend leverage with the unconditional disaster probability: with ¢4 = 3.45 and Xy = 2.78%,
the discount applied to equity claims is somewhat lower than what the data require to
match the level of the price—dividend ratio.

In sum, the updated calibration achieves a substantially improved fit for equity premia,
return dynamics, and the short rate, while the valuation ratio remains a margin where
additional model ingredients, such as long-run risk or habit formation, could improve the
match. For the purposes of this paper, however, the calibration is strong where it needs to

be strongest: on the joint behaviour of returns, risk premia, and interest rates.
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5.4 Drivers of the Neutral Rate

The neutral-rate formula from Section 4 delivers sharp predictions about how each source of
risk affects rf. This subsection quantifies those effects using the calibration in Table 3. The
main object of interest is the wedge through which financial repricing feeds into monetary
policy.

Evaluating at a = 3, the Ramsey rate is 2.0%, the diffusion wedge subtracts about 5
basis points, and the disaster wedge subtracts about 44 basis points, yielding a neutral rate
of approximately 1.5% at the unconditional mean. The disaster wedge is thus nearly nine
times larger than the diffusion wedge, despite a baseline disaster probability of only 2.8%
per year. This asymmetry arises because disasters are low-probability, high-impact events
that generate large spikes in marginal utility and therefore large movements in required
returns and asset valuations.

The comparative statics sharpen the point. At a given state the sensitivities are:

or(a) _ or(a) _ or*(a)

_ — _(p—JA _
d0c ¢ oct: ax(a) (e L. 84

= \(a)e . (37)

A 1 percentage point increase In disaster intensity lowers r* by approximately 16 basis points,
whereas an equivalent increase in diffusion volatility lowers it by only 3.2 basis points, a ratio
of 5 to 1. These magnitudes show that crisis-time movements in the neutral rate are driven
primarily by the component of risk that commands a premium in financial markets, not by
small changes in Gaussian volatility.

An equivalence exercise makes the same point in more concrete terms. To replicate the
16 basis point decline in r* caused by a 1 percentage point increase in A(a) using diffusion
volatility alone, consumption volatility would need to rise from 3.2% to about 6.5% annually,
roughly doubling, far above any empirical estimate. Even a 10 basis point decline requires
about 2.3 percentage points of additional consumption volatility (from 3.2% to 5.5%). The
same 10 basis point decline can instead be generated by a 0.6 percentage point increase in
disaster intensity, well within the range of option-implied variation documented in Section 3.

The quantitative lesson Is therefore straightforward: the neutral rate is highly sensitive
to tail-risk-driven movements in risk premia and only weakly sensitive to diffusion risk. This
Is why a monetary policy rule that ignores financial repricing can make large errors even if

conventional macro indicators move only gradually.
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5.5 Narrative Counterfactual Experiment

This section complements the sample-wide Taylor-rule regressions with an episode-level
counterfactual in the spirit of Del Negro et al. (2017a), focusing on the window from
2007Q2 to 2008Q1. Option-implied disaster probabilities rose by roughly 10 percentage
points over this period, precisely when the Federal Reserve began cutting the federal funds
rate faster than any standard Taylor rule would prescribe. The model interprets this episode
as a tail-risk shock that lowers the risk-adjusted neutral rate r;(a) and, in turn, the natural
nominal rate if(a) = rf(a) + 7. Crucially, the size and persistence of the shock are
disciplined by option-implied disaster probabilities rather than by the macro outcomes used
for validation, so the exercise does not reverse-engineer the data.

| parameterise the shock as an unanticipated jump in disaster probability that then
mean-reverts deterministically, and | separate the shock path from the policy rule so that
the same tail-risk scenario can be run under alternative rules. Three quarterly data series
define the targets: output (log real personal consumption expenditures, detrended over
2000Q1-2012Q3 and normalised to zero in the pre-shock quarter), inflation (annualised
GDP-deflator inflation minus 2 percent, following Del Negro et al. 2017a), and the quarterly
average effective federal funds rate.

To measure how much weight the Fed placed on tail-risk movements in the neutral rate,

| introduce a single parameter w € [0, 1] governing the intercept of the real-rate rule:
ii(a) = mi(a) = |[F+ w(r(2) = )| + dexi(a) + ¢r (me(a) = 7). (38)

where 7 Is the steady-state real rate. At w = 0 the intercept is fixed and policy ignores the
tail-risk-driven fall in r}; at w = 1 the intercept tracks r/(a) one-for-one, fully accommodat-
Ing the shift in the neutral rate. | choose @ by minimising the mean-squared error between
the model’s perfect-foresight impulse responses and the data over the episode window.

Figure 9 reports the results. The left column shows the three data series; the right
column shows the model-implied paths under the fitted @ = 0.4, anchored to observed
levels in the pre-shock quarter. The estimate implies that the Fed placed about 40 percent
weight on the tail-risk-driven movement in the neutral rate—enough to generate meaningful
accommodation, but well short of fully tracking ry.

The model matches the output and interest-rate dynamics well: output declines relative
to trend while the funds rate falls rapidly, reproducing the broad co-movement in the data.

Inflation is the harder margin. Even at the fitted @, the model’s implied inflation path
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Figure 9: Narrative episode objects in the data (left) and the corresponding model-implied perfect-
foresight transition under the fitted accommodation parameter @ = 0.4 (right). Output is the
deviation of log(C + /) from a linear trend; inflation is annualised GDP-deflator inflation minus
2 percent; the policy rate is the quarterly average effective federal funds rate. Model paths are
anchored to the same pre-shock quarter for comparability.

diverges from the data in level and timing. This is not unexpected. The model features
only a single shock and a relatively flat New Keynesian Phillips curve, so generating the
observed disinflation would require output-gap movements far larger than those in the data.
Moreover, inflation over 2007-2009 reflected forces deliberately excluded from this one-
shock experiment—commodity-price swings, cost-push disturbances, and shifts in inflation
expectations—which further limit the model’s ability to match this margin with a tail-risk
shock alone.

The main payoff of the exercise is therefore not a perfect historical reconstruction but
a disciplined inference about the policy intercept. The fitted rule suggests that the Fed did
respond to the fall in the risk-adjusted neutral rate, but only partially. Under w = 0, the
policy rate remains too high as disaster risk rises, amplifying the contraction: output falls
by roughly twice as much as under the fitted rule. Under w = 1, the intercept tracks the
neutral rate in full, largely neutralising the macroeconomic consequences of the shock. Read
this way, the episode supports the paper’'s central message: the relevant policy question is

whether the central bank accommodates the fall in r; induced by financial repricing.
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5.6 Counterfactual Analysis: Policy Intercept and Disaster Risk

This section uses perfect-foresight transition dynamics to compare two polar policy re-
sponses to a tail-risk surge. The experiment subjects the calibrated model to a transitory
disaster-probability shock—a 10 percentage point increase on impact, decaying geomet-
rically with a half-life of eight quarters—and traces the 80-quarter transition under two

regimes. Both regimes use the real-rate rule
[T [F + w(ry — F)} + ¢uxt + Pp(m — ), (39)

evaluated at the two extremes: w = 0 (fixed intercept, tail risk ignored) and w = 1
(time-varying intercept tracking ry).

Real activity and inflation. Figure 10 reports the impulse responses of the output gap,
inflation, and the nominal policy rate.

Under the fixed-intercept regime, the tail-risk shock lowers r; but the policy rule does
not respond, opening a contractionary real-rate gap. The output gap falls by roughly 1.2
percentage points on impact—about three times the 0.4 percentage point decline observed
in the data—and inflation drops by about 0.2 annualised percentage points before slowly
returning to target. Under the time-varying intercept, the intercept moves with r;, keeping
the real-rate gap close to zero and effectively stabilising both the output gap and inflation
throughout the transition.

A notable feature of Figure 10 is that the headline policy-rate path looks similar across
regimes. The reason is that the source of easing differs. Under w = 0O the rule cuts rates
reactively, after slack and disinflation have already emerged. Under w = 1 the rule cuts
rates pre-emptively through the intercept, because it recognises immediately that the risk-
adjusted neutral rate has fallen. This is exactly the distinction between a central bank that
responds to realised macro deterioration and one that responds to the underlying wealth-

effect shock driving that deterioration.

Financial variables. Figure 11 shows that asset-price responses are nearly identical under
both regimes. Equity prices fall by about 40 percent on impact, the model-implied VIX
Jumps by roughly 20 index points, and the equity risk premium rises by about 12.5 annualised
percentage points.

This invariance is important for interpretation. Risk premia and volatility reflect the
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Figure 10: Impulse responses to a transitory 10 percentage point increase in disaster probability
under two policy regimes. The fixed-intercept rule (w = 0) holds the intercept constant; the time-
varying-intercept rule (w = 1) adjusts the intercept to track the risk-adjusted neutral real rate r;.
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Figure 11: Impulse responses of financial variables under fixed (w = 0) and time-varying (w = 1)
policy intercepts. Equity valuations, the VIX, and risk premia are driven primarily by the direct
effect of disaster risk on the pricing kernel and are largely invariant to the policy regime.
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direct effect of tail risk on the pricing kernel, which the policy intercept cannot offset.
Monetary policy does not eliminate the financial repricing itself. Instead, it can offset the
macroeconomic consequences of that repricing by adjusting to the fall in the neutral rate.
In other words, the policy problem is not to compress risk premia, but to prevent risk-

premium-driven wealth losses from producing an unnecessarily deep demand contraction.

Real-side adjustments. Figure 12 traces consumption, labour, real wages, and marginal

cost under the two regimes.
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Figure 12: Impulse responses of consumption, labour, real wages, and marginal costs under fixed
(w = 0) and time-varying (w = 1) policy intercepts.

Under the fixed intercept, consumption and hours fall by about 1.1 percent on impact,
and real wages and marginal cost decline by about 1.7 percent. Under full accommodation
these movements are shut down almost entirely. This confirms the model’s interpretation
of the recessionary component of a tail-risk shock: the contraction is not driven mainly by
an unavoidable fall in productive capacity, but by a policy-relevant gap between the actual
real rate and the lower neutral rate implied by financial repricing. Once policy tracks r;,
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nominal rigidities do not by themselves force a deep contraction.

Summary. A tail-risk surge lowers the risk-adjusted neutral real rate. If the policy intercept
is fixed, a contractionary real-rate gap opens and the economy contracts sharply. Allowing
the intercept to track r; stabilises output and inflation nearly one-for-one, yet does nothing
to prevent the spike in risk premia and volatility, since these reflect the direct repricing of
disaster risk. The central bank can therefore insulate the real economy from financial-market
turmoil by tracking the risk-adjusted neutral rate, even though it cannot stabilise asset prices
themselves. This is the quantitative version of the paper’'s main claim: movements in tail
risk matter for policy because they move risk premia, wealth, and aggregate demand, and
hence the neutral rate that a stabilising central bank should track. A practical caveat
Is that r/ is unobserved in real time; the experiment should therefore be read as a rule-
design counterfactual showing the gains available if the central bank can use market-based

information to track risk-premium-driven movements in the neutral rate.

6 Estimating the Risk-Adjusted Neutral Rate

The preceding sections established that changes in downside risk move the neutral real
rate through a risk-premium and wealth-effect channel, and that ignoring this channel
generates welfare-relevant output losses. This section takes that prediction to the data and
estimates a historical series for the risk-adjusted neutral rate r{ that can be used alongside
conventional measures in real time. The goal is to provide a new policy indicator: one that
preserves the low-frequency trend-growth component of standard neutral-rate estimates,
but also moves at business-cycle frequency with observable changes in financial risk premia,
disaster risk, and macroeconomic uncertainty. In that sense, the exercise is the empirical
counterpart to the theory. If rising downside risk raises required returns, lowers valuations,
and weakens demand through wealth effects, then the neutral rate relevant for monetary

policy should fall at exactly those times.

6.1 Definition and Estimation

Recall from the quantitative model that the neutral rate decomposes as

1 5

rr= ptcd — S0k — A (40)
N—— e
Ramsey component v Disaster wedge

Diffusion wedge
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where g; Is trend output growth, agt captures persistent macroeconomic uncertainty (prox-
ied by the VIX), and X; is the persistent component of disaster probability from Sec-
tion 3. Holding risk fixed, faster trend growth raises r; through the standard intertemporal-
substitution channel. Holding growth fixed, increases in either diffusion or disaster risk
lower rf by strengthening precautionary saving and, in the framework of this paper, by cap-
turing the financial repricing that depresses wealth and aggregate demand. A conventional
Laubach—Williams estimate captures only the first force; the risk-adjusted measure captures
both.

| estimate the latent components of (40) via a linear-Gaussian state-space model using
quarterly U.S. data from 1985Q1 to 2023Q4. The observable vector includes real GDP,
inflation, two trend-growth proxies (GDP growth and utilisation-adjusted TFP growth),
the option-implied disaster probability, and a VIX-based variance proxy. Five latent states
are extracted: potential output, trend growth, persistent disaster risk, persistent diffusion
risk, and the output gap. The Kalman filter produces one-sided (real-time) estimates;
the Rauch—Tung—Striebel smoother produces two-sided (full-sample) estimates (Hamilton,
1994). Full details of the state-space specification and parameter estimates are in Online
Appendix K.1.

6.2 Results

Validation. Figure 13 compares the Ramsey component p + ¢49;: against the Laubach—
Williams one-sided estimate. The two series co-move closely at low frequencies, confirming
that the state-space model recovers the same slow-moving trend-growth variation that
drives the Laubach—Williams estimate. This is useful because it shows that the new measure
Is not discarding the standard benchmark; it nests it. The risk-adjusted estimate departs
from Laubach—Williams during crises, and those departures are accounted for entirely by
the disaster and diffusion wedges. In other words, the new series differs from conventional
estimates precisely when the theory says it should: when financial markets are repricing

downside risk and the wealth-effect channel is most relevant for policy.

Full decomposition. Figure 14 presents the complete decomposition. The risk wedges are
predominantly negative and widen sharply during episodes of financial stress. During the
GFC and COVID-19, the combined disaster and diffusion wedges push r; down by 200-300
basis points below the Ramsey component, consistent with surges in precautionary saving,

safe-asset demand, and broader financial repricing. The disaster wedge is the dominant
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Figure 13: Ramsey Component vs. Laubach—-Williams. The Ramsey component p + ¢,9; tracks
low-frequency movements in the Laubach—Williams one-sided estimate.

component in these episodes, which is consistent with the quantitative model's implication
that tail-risk variation is more important than diffusion risk for crisis-time movements in the

neutral rate.

Comparison to benchmark estimates. Figure 15 places the risk-adjusted neutral rate along-
side the Laubach—Williams estimate (Laubach and Williams, 2003), the DSGE-based short-
run r* of Del Negro et al. (2017b), and the ex-ante real federal funds rate. The Laubach—
Williams estimate captures low-frequency trend-growth variation but misses the sharp
crisis-driven movements by construction. The Del Negro et al. measure does exhibit high-
frequency variation, though driven by safety and liquidity premia in Treasury markets rather
than the option-implied disaster and uncertainty wedges estimated here.

The comparison changes the interpretation of the policy stance. When the real federal
funds rate lies above rf, policy is restrictive in a risk-adjusted sense; when it lies below,
policy is accommodative. During recessions, r; falls so rapidly that a policy rate that looks
accommodative relative to Laubach—Williams may in fact be close to neutral—or even
tight—once tail risk is taken into account. This is exactly the empirical implication of the
model: a central bank that looks only at slow-moving trend measures can miss a large

crisis-time fall in the neutral rate driven by financial repricing and wealth effects.
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Figure 14: Risk-Adjusted Neutral Rate Decomposition. The neutral rate r; decomposed into
the Ramsey component and the two risk wedges. The disaster wedge dominates during crises.
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Figure 15: Risk-Adjusted Neutral Rate and Benchmarks. The risk-adjusted r; (dotted blue
with confidence band) compared to Laubach—Williams (black), Del Negro et al. DSGE-based r*
(green), and the ex-ante real federal funds rate (red). Shaded areas indicate NBER recessions.
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6.3 A Risk-Adjusted Taylor Rule

To make the neutral-rate estimate operational, | construct an implied policy-rate path from

a balanced-approach rule following Nakamura et al. (2025):
M = o 4+ 0.5(m — 2) + 1.0(ye — ), (41)

where 7, is 12-month core PCE inflation and (y; — y{) is the real-time output gap.”?
Figure 16 plots the realised federal funds rate, the Wu—Xia shadow rate, and the rule-
implied rate.
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Figure 16: Federal Funds Rate and Risk-Adjusted Taylor Rule. The realised federal funds rate
(solid black), Wu—Xia shadow rate (dashed), and the balanced-approach rule using risk-adjusted
rf (blue).

During normal times the rule-implied rate broadly tracks the federal funds rate. During
the GFC and COVID-19, the implied prescription drops sharply as the neutral rate falls
with elevated tail risk. Incorporating a risk-adjusted neutral rate therefore alters the recom-
mended policy stance precisely when it matters most: in crisis episodes where conventional
rules, anchored to constant or slowly moving neutral rates, would prescribe insufficient eas-
ing. Put differently, the policy value of the measure is not that it changes the prescription
all the time, but that it changes it in the states of the world where risk premia, wealth
effects, and aggregate demand are moving rapidly together. That is the practical payoff of

22The specification follows Nakamura et al. (2025) except in the treatment of r;: they use the FOMC's long-run
nominal rate from the Summary of Economic Projections minus 2%, whereas | use the risk-adjusted neutral rate
estimated here.
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the paper's mechanism.”?

7 Conclusion

Central banks have long practiced risk management, adjusting policy pre-emptively when
financial conditions deteriorate and downside risks rise. What has been missing is a formal
framework that links those policy decisions to a clear macroeconomic mechanism. This pa-
per provides such a framework. Its central contribution is to show how changes in downside
risk move risk premia and asset prices, how those valuation changes transmit to aggregate
demand through wealth effects, and how that mechanism in turn shifts the neutral real rate
relevant for monetary policy. In the model, the same risk wedge that widens the equity
premium also lowers rf. That link between asset pricing and the neutral rate is the paper’s
core result.

The theory makes this mechanism transparent. When the left tail thickens, the marginal
utility of wealth rises in bad states. Investors demand greater compensation for holding risky
claims, asset valuations fall, and private wealth declines. With nominal rigidities, that fall
in wealth contracts aggregate demand and lowers the equilibrium real rate. A central bank
that attends only to inflation, the output gap, and slow-moving trend measures of r* will
therefore set rates too high precisely when financial repricing is pushing the economy toward
contraction. In this sense, the paper develops a risk-premium channel of monetary policy
through wealth effects.

The empirical evidence supports this interpretation. ldentified increases in disaster proba-
bility generate synchronized declines in output, consumption, investment, and employment,
accompanied by disinflation and falling safe yields. That pattern is difficult to reconcile
with a supply-side interpretation and instead looks like a negative aggregate demand shock
under nominal rigidities. The data therefore line up with the mechanism emphasized by
the model: when downside risk rises, financial repricing weakens demand and lowers the
policy-relevant neutral rate.

The quantitative model shows that this channel is not a second-order refinement. A one
percentage-point increase in disaster probability lowers r; by approximately 16 basis points,
much more than an equivalent increase in diffusion volatility. Disaster risk is therefore one

of the largest cyclical drivers of the neutral rate in the model. More broadly, the results show

23Robustness checks using alternative inflation-expectations measures yield qualitatively similar results; see Online
Appendix K.3.
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that policy mistakes arise not because central banks fail to stabilize risk premia themselves,
but because they fail to accommodate the fall in rf that those premia imply. A rule that
tracks the risk-adjusted neutral rate stabilizes output and inflation far more effectively than
one that ignores it, even though risk premia and volatility remain elevated.

The counterfactual exercises sharpen the policy interpretation. Around the onset of the
Global Financial Crisis, the calibrated model implies that the Federal Reserve responded to
the tail-risk-driven fall in the neutral rate, but only partially. Had policy ignored that fall
entirely, the output contraction would have been much more severe. The broader lesson
Is that monetary policy can insulate the real economy from the demand consequences of a
financial repricing shock even if it cannot prevent the repricing itself. This is the sense in
which risk premia matter for monetary policy in the framework developed here.

The paper's empirical measure of the risk-adjusted neutral rate provides a practical
payoff to this theory. It preserves the low-frequency Ramsey component emphasized by
standard estimates such as Laubach—Williams, but it adds the crisis-time variation coming
from disaster and diffusion risk. During the GFC and COVID-19, those wedges depressed
r{ by 200-300 basis points relative to the Ramsey component. As a result, a policy stance
that appeared accommodative relative to conventional benchmarks could in fact be close
to neutral or even restrictive once financial repricing and wealth effects were taken into
account.

The practical implication is straightforward. Monetary policy should be guided not only
by inflation and slack, but also by measures of financial repricing that help track the risk-
adjusted neutral rate in real time. Option-implied tail-risk measures are useful in this respect
because they capture the component of risk that is most tightly connected to required
returns, valuations, and aggregate demand. The case for doing so is strongest in crisis
episodes and near the effective lower bound, when the costs of setting rates above the true
neutral rate are especially large.

The framework leaves out several potentially important extensions, including financial
intermediation, heterogeneity, and the endogeneity of tail risk to policy itself. These could
change quantitative magnitudes and add new transmission channels. But they do not alter
the core message. When downside risk rises, risk premia widen, wealth falls, aggregate
demand weakens, and the neutral rate declines. Optimal monetary policy should respond
to that decline. Formalizing this logic helps explain crisis-era policy and offers a more useful
way to think about the interaction between risk premia, wealth effects, and monetary policy

going forward.
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A Alternative Measures of Financial Market Stress

This appendix validates the measure of tail risk used in the main text—options-implied
disaster probabilities from Barro and Liao (2021)—by examining two widely-used alternative
indicators of financial market stress: the VIX (CBOE Volatility Index) and the Excess
Bond Premium (EBP) of Gilchrist and Zakrajsek (2012). Figures 17 and 18 replicate
the analysis from Figure 1 in the main text, replacing the disaster probability measure
with the VIX and EBP, respectively. All three measures tell a consistent story: financial
markets experienced severe stress beginning in mid-2007, well before the standard Taylor
rule components (inflation and output gap) suggested the need for aggressive monetary
easing.

The VIX as a Measure of Tail Risk

Figure 17 plots the federal funds rate, the Taylor rule prescription, and the VIX index over
the 2007-2009 period. The VIX, often referred to as the “fear gauge,” measures the 30-day
implied volatility of S&P 500 index options and is widely interpreted as a forward-looking

indicator of market uncertainty and risk aversion (Bloom, 2009).

Figure 17: Federal Funds Rate vs. Taylor Rule with VIX
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Notes: The figure plots the effective federal funds rate, the prescription from the original Taylor (1993) rule using real-
time data, and the VIX index (monthly average). The VIX measures the implied volatility of S&P 500 index options
and is obtained from the CBOE. Shaded region indicates NBER-dated recession (December 2007—June 2009). Higher
VIX values indicate greater expected market volatility and increased risk aversion.
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The VIX remained relatively stable, fluctuating between 10 and 15, through mid-2007.
However, starting in August 2007—coinciding with the onset of subprime mortgage market
turmoil—the VIX began to rise sharply. By early 2008, it had climbed to the 20-30 range,
and following the collapse of Lehman Brothers in September 2008, it spiked above 60,
reaching a peak near 80 in November 2008. This dramatic increase in implied volatility
reflects a fundamental repricing of risk in financial markets and heightened uncertainty
about future economic outcomes.

Critically, the VIX began its sustained elevation in mid-2007, precisely when the Federal
Reserve began cutting rates despite relatively benign inflation and output gap readings.
The parallel movement of the VIX and the deviation between the actual federal funds
rate and the Taylor rule prescription provides strong prima facie evidence that the Federal
Reserve was responding to financial market stress rather than to traditional macroeconomic

fundamentals alone.

The Excess Bond Premium as a Credit Spread Measure

Figure 18 plots the federal funds rate, the Taylor rule prescription, and the Excess Bond
Premium (EBP) from Gilchrist and Zakrajsek (2012). The EBP is constructed as the
component of corporate bond spreads that cannot be explained by expected default risk,
effectively isolating the pure risk premium demanded by investors for holding corporate
credit.

Gilchrist and Zakrajsek (2012) demonstrate that the EBP is a powerful predictor of eco-
nomic activity: elevated credit spreads that cannot be justified by fundamentals (i.e., high
EBP) forecast sharp contractions in output, investment, and employment. Moreover, they
show that the EBP contains information about economic activity beyond that contained in
standard financial indicators such as stock prices or the slope of the yield curve.

The pattern in Figure 18 closely mirrors that in Figures 1 and 17. The EBP remained
near zero through mid-2007 but began rising sharply in August 2007, reaching approximately
1 percentage point by early 2008. Following the Lehman Brothers collapse, the EBP spiked
to nearly 3 percentage points—its highest level in the post-war period. This dramatic
widening of credit spreads, orthogonal to default risk, reflects a surge in the risk premium
demanded for holding risky assets, consistent with an increase in tail risk and risk aversion.

As with the VIX, the timing of the EBP’s rise coincides precisely with the Federal
Reserve's departure from the standard Taylor rule. This suggests that policymakers were
responding not only to equity market volatility but also to credit market stress—a distinct
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Figure 18: Federal Funds Rate vs. Taylor Rule with Excess Bond Premium
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Notes: The figure plots the effective federal funds rate, the prescription from the original Taylor (1993) rule using
real-time data, and the Excess Bond Premium (EBP) from Gilchrist and Zakrajsek (2012). The EBP measures
the component of corporate bond spreads orthogonal to expected default risk, capturing pure risk premia in credit
markets. Shaded region indicates NBER-dated recession (December 2007-June 2009). Higher EBP values indicate
greater credit market stress and elevated risk premia.

dimension of financial market tail risk that affects the corporate sector’s access to funding

and, ultimately, real investment and employment.

A.1 Alternative Taylor Rules
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Figure 19: Federal Funds Rate vs. Alternative Taylor Rule Variants
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Notes: The figure plots the observed federal funds rate against five standard Taylor rule variants: the original Tay-
lor (1993) rule, the balanced-approach rule, the effective-lower-bound-adjusted rule, the inertial rule, and the first-
difference rule. All rules use real-time data. Shaded region indicates NBER-dated recession (December 2007—June
2009). Across every specification, the prescribed rate lies materially above the observed federal funds rate for much
of 2007 and into 2008, confirming that the Fed’'s aggressive easing cannot be attributed to any standard rule variant.
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