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Do central bank announcements and the re-

cent forward guidance provided in these affect

the beliefs of market investors? Several analy-

ses have found that a significant proportion of

changes in the level of yields in response to these

monetary policy statements can be attributed to

their effects on investor expectations. For in-

stance, Gürkayank, Sack and Swanson (2005)

find that approximately 75-90% of the change

in yields due to monetary policy announcements

can be explained due to investors incorporat-

ing expectations of the monetary policy actions.

Campbell et al. (2012) extend this strategy to

find that FOMC announcements had an effect

on investor beliefs during the Great Recession.

However, Swanson and Williams (2014) find

that beginning in late 2011, the sensitivity of

yield levels to macroeconomic news (including

FOMC announcements) was greatly diminished

compared to the earlier period.

Given the above findings, this paper proposes

a new method to examine the effect of monetary

policy announcements by the FOMC, and its for-

ward guidance in particular, on investor beliefs

in the zero-lower bound regime. The method en-

tails extracting moments of the State-Price Den-

sities (SPDs) of investor beliefs about future as-

set prices using daily data on 2-year and 10-

year Futures and the corresponding Option con-

tracts. These moments capture different aspects

of investor behavior. The standard deviation of

the SPD denotes the ex-ante investor uncertainty

about the relevant asset price, the skewness rep-

resents the probabilities assigned by investors to

positive or negative change in the asset prices

and the excess kurtosis captures the weights as-

signed by investors to "crash" risk. I find that

the extracted moments are time-varying, and re-

spond to the issuance of forward guidance. For

example, the extension of the zero-lower bound
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regime, and the announcement of specific pur-

chases about long-term securities are found to

lower the probabilities assigned by investors to

a tail event. These findings about the higher

moments of investor beliefs are economically

significant. Time-varying uncertainty about fu-

ture Treasury yields, which responds to mone-

tary policy announcements, is a channel for af-

fecting the optimizing behavior of investors. In

Sinha (2014), I construct a DSGE model with

Epstein-Zin preferences and a shock to the in-

terest rate uncertainty is found to generate pre-

cautionary savings. Furthermore, incorporat-

ing skew and kurtosis in investor preferences is

found to affect their portfolio allocation, and the

subsequent investment behavior of market par-

ticipants (Guidolin and Timmermann, 2008).

I. Estimating the State-Price Density of

Investor Beliefs

To extract the risk-neutral probability density

function associated with U.S. Treasuries, end-

of-day daily data on the 2-year and 10-year Fu-

ture contracts, and the Options written on these

are obtained from the Chicago Board of Trade

(CBOT) using DataMine (the historical database

of the Chicago Mercantile Exchange). These are

American-style options, and data is collected for

the trading days in 2012 and 2013. The daily

data record consists of the following: the type

of option (call or put), the month and year of

the contract’s expiration, the strike price and the

corresponding settlement price, along with other

information on the type of trade, volume and im-

plied volatility. Data on these U.S. Futures also

reports the month and year at which the Futures

contract will be delivered, along with the settle-

ment price of the Futures contract. For each op-

tion record, the corresponding Futures price of

the appropriate maturity is matched. Using in-

dustry convention, the LIBOR rate denominated

in U.S. dollars is used as the risk-free rate, for

the particular trading day and closest month to

maturity.

Following Backus, Foresi and Wu (2004) and
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Beber and Brandt (2006), the log futures price

Ft over n−periods is:

ln Ft+n = ln Ft +
n∑

j=1

xt+ j = log Ft + xn
t+1.

Given this definition, the conditional distribu-

tion of Ft+n depends on xn
t+1. The valuation of

a European-style option on the future with expi-

ration date t + n, with strike price K is:

Ct,n,K = Et

[
Mt,t+n (Ft+n − K )+

]
,

where Mt,t+n is the stochastic discount fac-

tor and x+ ≡ max (0, x) . Backus et al.

(2004), assume M and F to be independent.

Then, with this risk-neutral specification (and

assuming market completeness) and Mt,t+n =
M (Ft , Ft+n) , the call price can be written as:

Ct,n,K =
∞∫
0

Mt,t+n (Ft+n − K )+ pt,t+nd Ft+n

= e−rnt n
∞∫

ln(K/Ft )

(Ft+n − K ) qt,t+nd Ft+n

Here rnt is the continuously compounded n−
period interest rate, pt,t+n = p (Ft , Ft+n) is

the objective probability distribution, qt,t+n =
q (Ft , Ft+n) is the risk-neutral distribution, and

the max operator is eliminated by using the

bounds of integration.

When the n−period log price change is con-

ditionally Gaussian, with standard deviation σ n ,

the risk-neutral distribution of Ft+n is condition-

ally log-normal, and the call price is:

Ct,n,K = e−rnt n [Ft N (d)− K N (d − σ n)] ,

where d = ln(Ft/K )+σ 2
n/2

σ n
,and N (x) denotes the

standard normal cdf at x . However, since the

SPD can be non-Gaussian, Backus et al. (1997)

show that the non-normalities can be captured

through a Gram-Charlier expansion of a SPD

around a Gaussian density:

Ct,n,K
∼= e−rnt n [Ft N (d)− K N (d − σ n)]

+Fte
−rnt nϕ (d) σ n[ γ 1n

3!
(2σ n − d)

−γ 2n

4!

(
1− d2 + 3dσ n − 3σ 2

n

) ]
where ϕ (d) is the standard normal density at

d, and the parameters γ 1n and γ 2n correspond

to the standard skewness and excess kurtosis re-

spectively.

Finally, the parameters of the expansion of

the SPD are estimated by using prices of op-

tions with same expiration date, but different

strike prices, by numerically solving the non-

linear least-squares (NLLS) problem:

min
σ n,γ 1n,γ 2n

N∑
i=1

[
Ct,n,Ki

− Ct,n,Ki

(
σ n, γ 1n, γ 2n

)]2
.

The initial value of the moments used in the

NLLS exercise are assumed to be close to the

moments for a Gaussian distribution. The main

econometric issue in this strategy of extracting

the moments of the SPD is that it uses the for-

mulation for European-style options. Melick

and Thomas (1997) incorporate the early ex-

ercise feature by expressing the American call

and put options as convex combinations of up-

per and lower bounds. The lower bound is the

European-style call option price and the upper

bound is derived in Chaudhary and Wei (1994).

On adopting this approach for the T-bonds for

the 1995-1999 period, Beber and Brandt (2006)

find that the implied moments are not different

from those implied by assuming the European-

style call options. Therefore, they conduct their

analysis using the European-style option prices.

I adopt the same strategy here. Finally, I find the

implied moments for only the out-of-the-money

options, with 30−90 days to maturity.1 The mo-

ments of the extracted SPD moments are shown

in the online appendix.

II. Responses to FOMC Forward Guidance

Over 2012 and 2013, the FOMC statements

did not announce any changes in the federal

funds rate; therefore, unlike the analyses of

Gürkaynak et al. (2005) and Goldberg and

Grisse (2013), a "surprise" component of mon-

etary policy announcements is not considered

here. However, Woodford (2012) and Campbell

et al. (2012) emphasize the importance of issu-

ing forward guidance to influence investor ex-

pectations in the recent monetary policy regime.

1Additionally, in the NLLS problem, the problem may im-

ply negative probabilities. Jondeau and Rockinger (2001) derive

positivity constraints for the skewness and kurtosis appearing in

the Gram-Charlier expansion.
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Therefore, in the empirical strategy, I parse out

the forward guidance provided by the Federal

Reserve along the following dimensions: (a) an

extension of the period for which the zero-lower

bound regime would be held in place, as well as

the change to threshold-based criterion (instead

of the calendar-based guidance); (b) changes in

policy regarding purchases of long-term secu-

rities; (c) discussion of economic conditions,

and whether these were better or worse than

expected and (d) the release of the Survey of

Economic Projections and accompanying press

conferences. In the following specifications, I

will consider the effects of these different di-

mensions of the FOMC announcements on the

ex-ante moments of investor beliefs extracted

above.

The following econometric specification is

used to test whether the extracted moments re-

spond to FOMC statement releases2:

1mt = αt + β
A
t DFO MC

t + θ t Tt + et .

Here 1mt represents change in the extracted

moments of the SPD; DA
t is the dummy variable,

with DFO MC
t = 1 if there is a FOMC meeting,

and Tt is the time to maturity. The change in the

moments with respect to their levels two days

before is considered (mt − mt−2), since there

is a general increase in the media coverage be-

fore the statement day. Then, to test whether the

forward guidance contained in the FOMC state-

ments have an effect, the following dummy vari-

ables are also introduced: DE A
t , which is 1 for

the statements that indicated that economic ac-

tivity had "paused" or "decelerated" (thus indi-

cating worsening economic conditions), DDates
t

is 1 if calendar-based guidance is extended,

or threshold-based guidance is introduced and

D
Long
t is 1 when specific policies regarding the

purchase of long-term securities are announced.

The online appendix presents the dates corre-

sponding to these dummy variables. Finally, to

examine whether the moments respond to the

release of the Survey of Economic Projections

(SEP) and press conferences, a dummy variable

is introduced, but no statistically significant ef-

fects are found.

2A similar specification is used by Beber and Brandt (2006).

A. Effects on Standard Deviation

The FOMC statements that extended the zero-

lower bound regime, as well as specified the

purchases of long-term Treasury securities and

Mortgage-Backed Securities (MBSs) are found

to increase the ex-ante uncertainty for the 10-

year Treasury yield at the 30-90 day horizon, as

shown in table 1. These announcements may

have been interpreted by investors as the econ-

omy doing less well than expected, and the state-

ments were perceived as "negative" news about

the economy. The uncertainty corresponding to

the 2-year yield is not found to respond to the

forward guidance provided in a statistically sig-

nificant manner.

B. Effects on Skewness

The skewness for the 2-year and 10-year Trea-

sury securities are found to be positive on av-

erage. Therefore, during the recovery period

of 2012-13, investor beliefs are weighted to-

wards positive (negative) changes in these Trea-

sury yields (prices). Table 2 shows that FOMC

announcements have a positive effect on skew-

ness for the 2-year yields (both signed and ab-

solute skewness measures), and but have no ef-

fect on the 10-year yield skewness. Statements

that indicate specific policy measures regarding

the purchases of long-term securities are found

to reduce investors’ skewness, and push the dis-

tribution closer to a Gaussian distribution across

the cross-section of maturities. Thus, investors

were putting greater probability of no change

in either of these Treasury prices following the

statements. The extension of the zero-lower

bound is also found to reduce the skewness for

the 10-year security. The announcements which

contain information about worsening economic

activity or changes in the expected lift-off dates

do not affect the skewness for the 2-year yield.

C. Effects on Excess Kurtosis

For the trading days in 2012 and 2013, the

excess kurtosis for the 2-year yield is not sta-

tistically different from a Gaussian distribution,

while the 10-year distribution shows negative

kurtosis with respect to a normal distribution.

The latter implies that investors were placing

less weight on crash risk, relative to a Gaussian

distribution. FOMC announcements are found
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to reduce the kurtosis for the 2-year prices, but

have no effect on the kurtosis of the 10-year se-

curity, as shown in table 3. However, when eco-

nomic activity is noted to be "paused" or "de-

celerating", the excess kurtosis rises for the 10-

year security, signifying that investors are plac-

ing larger mass on the tails of their distribution.

The statements regarding further long-term asset

purchases and changes in the continuation of the

zero-lower bound regime have the opposite ef-

fect: in response to these, the excess kurtosis is

lowered further for the 10-year yield, implying

that investors are reducing their probabilities of

a crash risk even more.

III. Conclusions

The analysis above shows that ex-ante in-

vestor beliefs respond to forward guidance pro-

vided by the FOMC. Even though asset yield

levels are not found to respond to the announce-

ments, an exploration of the higher moments

shows that market participants are taking the

information provided into account. The re-

sults further suggest that forward guidance has

a greater effect on the investor beliefs about the

long-term asset yields. Since these moments af-

fect the investment behavior of economic agents,

considering these responses could be significant

for the communication of monetary policy.
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TABLE 1—EFFECTS ON STANDARD DEVIATION

SPD Mom 1StDev 1StDev 1StDev 1StDev

Coefficient 2-year 10-year 2-year 10-year 2-year 10-year 2-year 10-year

α −0.05
(−1.03)

0.00
(0.11)

−0.05
(−1.04)

0.00
(0.03)

−0.05
(−1.02)

0.01
(0.30)

−0.05
(−1.08)

0.01
(0.27)

βFO MC 0.04
(0.38)

−0.04
(−0.82)

0.03
(0.28)

−0.00
(−0.24)

0.06
(0.46)

−0.07∗

(−1.62)
0.05
(0.41)

−0.07∗

(−1.64)

βE A 0.07
(0.68)

−0.15
(−0.92)

βD AT E S −0.09
(0.94)

0.24∗∗
(1.76)

βL O NG −0.06
(−0.45)

0.19∗
(1.72)

Note: ∗ significant at the 10% level, ∗∗ significant at the 5% level, ∗∗∗ significant at the 1% level using Newey-West standard errors.

The t-statistics are shown in the brackets. βFO MC shows the effect of a FOMC announcement, βE A is the effect of a statement with

negative news about economic activity, βD AT E S denotes the change in dates for which the zero-lower bound is expected to be in place

and βL O NG shows the effect of announcements regarding specific purchases of long-term securities.

TABLE 2—EFFECTS ON SKEWNESS

SPD Mom 1Skew 1Skew 1Skew 1Skew

Coefficient 2-year 10-year 2-year 10-year 2-year 10-year 2-year 10-year

α −0.04
(−0.12)

−0.39∗

(−1.73)
−0.05
(−0.15)

−0.39∗

(−1.72)
−0.05
(0.26)

−0.43∗

(−1.88)
−0.08
(−0.24)

−0.41∗

(−1.82)

βFO MC 0.48∗
(1.19)

−0.13
(−0.90)

0.45∗
(1.35)

−0.13
(−0.79)

0.35
(1.04)

0.00
(0.00)

0.62∗∗
(1.87)

−0.01
(−0.13)

βE A 0.23
(0.69)

−0.01
(−0.04)

βD AT E S 0.64
(1.01)

−1.04∗∗∗

(−2.55)

βL O NG −0.95∗∗∗

(−2.89)
−0.61∗

(−1.42)

Note: ∗ significant at the 10% level, ∗∗ significant at the 5% level, ∗∗∗ significant at the 1% level using Newey-West standard errors.

The t-statistics are shown in the brackets. βFO MC shows the effect of a FOMC announcement, βE A is the effect of a statement with

negative news about economic activity, βD AT E S denotes the change in dates for which the zero-lower bound is expected to be in place

and βL O NG shows the effect of announcements regarding specific purchases of long-term securities.

TABLE 3—EFFECTS ON KURTOSIS

SPD Mom 1ExKur 1ExKur 1ExKur 1ExKur

Coefficient 2-year 10-year 2-year 10-year 2-year 10-year 2-year 10-year

α 0.19
(0.73)

−0.30∗

(−1.43)
0.20
(0.74)

−0.29
(1.36)

0.20
(0.75)

−0.34∗

(−1.56)
0.21
(0.79)

−0.34∗

(−1.57)

βFO MC −0.38∗∗

(−1.86)
0.12
(0.72)

−0.34
(−1.54)

0.03
(0.17)

−0.29∗

(−1.38)
0.24∗
(1.64)

−0.46∗∗

(−2.01)
0.27∗∗
(1.90)

βE A −0.41
(−1.40)

0.48∗∗
(1.86)

βD AT E S −0.48
(0.87)

−0.91∗

(1.64)

βL O NG 0.50∗
(1.59)

−0.81∗∗∗

(−2.27)

Note: ∗ significant at the 10% level, ∗∗ significant at the 5% level, ∗∗∗ significant at the 1% level using Newey-West standard errors.

The t-statistics are shown in the brackets. βFO MC shows the effect of a FOMC announcement, βE A is the effect of a statement with

negative news about economic activity, βD AT E S denotes the change in dates for which the zero-lower bound is expected to be in place

and βL O NG shows the effect of announcements regarding specific purchases of long-term securities.


