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1. Introduction
Understanding financial market volatility is an important issue for practitioners in finan-

cial markets and central bankers around the world. While time-series models of financial market
volatility have some success in capturing the volatility dynamics of asset prices (Engle, 1982;
Bollerslev, 1986), their power is based on the use of high-frequency data and their applicability
seems confined to short time horizons (Diebold and Christoffersen, 2000). Less is known about
the fundamental determinants of financial market volatility. Previous attempts to explain why
volatility changes over time have yielded inconclusive results, at best. The volatility puzzle
raised by Schwert (1989), which holds that financial market volatility seems disconnected from
other measures of economic volatility, is still largely intact today.

This study explores fundamental determinants of volatility in the U.S. Treasury bond
market. Using quarterly data for the period 1970-2005, we establish a significant relation be-
tween bond volatility and dispersion-based uncertainty about the monetary policy rate, inflation
and measures of real activity. A one-standard-deviation increase in macroeconomic uncertainty
typically leads to a significant increase of 20 — 50 basis points in quarterly bond market volatili-
ty. This link is stronger than for time-series measures of macroeconomic volatility, which adds to
a recent literature favoring dispersion-based measures of uncertainty over time-series volatility;
see David and Veronesi (2004). We also show that the dispersion in monetary policy rate fore-
casts captures almost all macroeconomic uncertainty in the data set. Finally, we check for causal-
ity and find that monetary policy uncertainty Granger causes bond volatility, rather than the other
way around, consistent with predictions from theoretical models and intuition. These conclusions
are robust to changes in the way we construct macroeconomic volatility and whether return vola-

tility or the volatility of yield changes is analyzed. Since uncertainty about monetary policy is the



single most important driver of Treasury bond market volatility, our results hint at an important
role for guiding and monitoring financial markets expectations by monetary authorities.

Theoretically, the relation between financial market volatility and macroeconomic uncer-
tainty is explored in Veronesi (1999) and David and Veronesi (2004). The link can be summa-
rized as follows. Financial market participants make inferences about asset prices based on ob-
servations of the macroeconomic fundamentals. The average growth rates of fundamentals are
time-varying and not directly observable. When fundamental uncertainty is high, news will cause
asset prices to move more than when fundamental uncertainty is low. Asset market volatility will
thus increase with fundamental uncertainty.

Empirically, it can be difficult to establish a clear link between macroeconomic funda-
mentals and the volatility of asset prices, especially with low frequency data. Most prior research
therefore resorts to linking asset prices and their volatilities to macroeconomic announcements
using intraday data. For the interdealer bond market, Balduzzi, Elton and Green (2001) analyze
the effect of macroeconomic announcements on prices, trading volume and bid-ask spreads. Sur-
prises in public news releases have a significant impact on Treasury bills and bonds and the ad-
justment to new information occurs within one minute after the announcement. Heuson and Su
(2003) consider the effects of macroeconomic announcements on implied volatilities in the Trea-
sury sector index market. They conclude that implied volatilities are predictable, but accounting
for trading costs, informed traders cannot make arbitrage profits.

A number of papers focus on the effect of monetary policy surprises. Using event-study
regressions, Cook and Hahn (1989) find that changes in the Fed’s funds target rate have large
impact on short-term interest rates, a moderate impact on intermediate-term rates, and a small

(but significant) impact on long-term rates during the 1970s. Kuttner (2001) separates the antic-



ipated part from the unanticipated part of Fed actions using forecasts incorporated in the Federal
funds futures market. He finds a strong reaction to unanticipated funds rate changes, but not to
anticipated rate changes. Gurkaynak, Sack and Swanson (2005) show that long-term forward
interest rates react significantly to U.S. monetary policy surprises. Their findings suggest that
economic agents adjust their long-term inflation expectations in response to macroeconomic and
monetary policy surprises. For the currency market Wang, Yang and Simpson (2008) report that
intraday currency futures prices react significantly to both changes in the federal funds target rate
and changes in the path of expected rate changes. The reaction to both factors is roughly of simi-
lar magnitude, but is short-lived. Taking a non-announcement perspective, Laopodis (2006) stu-
dies the dynamic interactions among the equity market, economic activity, inflation, and mone-
tary policy under three different monetary policy regimes. There is no evidence of any systemat-
ic relationship among the variables since the 1990s.

The present paper takes a very different perspective than the existing empirical literature.
Rather than analyzing short-term intraday windows around macroeconomic announcements, we
employ low frequency quarterly data. We use the Survey of Professional Forecasters to link ma-
croeconomic uncertainty to Treasury bond market volatility. Traditionally, macroeconomic vola-
tility is measured by a transformation of the residuals of a time-series model for a macroeconom-
ic variable (see Schwert, 1989 in the context of stock market volatility). But there are limitations
to this approach (see also Giordani and Soderlind, 2003). First, the time-series approach is back-
ward looking, whereas we are interested in ex-ante uncertainty. Second, time-series are often
subject to structural breaks. Third, there is no universal time-series model to extract expectations.
Different models will yield different volatility estimates. Fourth, and finally, time-series volatili-

ty captures the volatility in a single realized time path of a macroeconomic variable out of many



possible ex-ante scenarios. Such a path may appear smooth ex-post, notwithstanding significant
ex-ante uncertainty as to which way the path would go. The time-series dimension of the data
cannot adequately capture this cross-sectional notion of uncertainty. For example, Schwert
(1989) mentions Robert Merton’s interpretation of the Great Depression as a “Peso problem”. At
that time, there was significant uncertainty whether the economic system as a whole would sur-
vive. This is not apparent by looking at the ex-post data.

The empirical potential of this approach is demonstrated by David and Veronesi (2004),
who show that measures of uncertainty about future inflation and earnings growth from survey
data forecast asset market volatility. We add to their work in several ways. First, we consider a
much broader set of macroeconomic fundamentals. Second, we explicitly compare the perfor-
mance of measures of dispersion-based uncertainty to equivalent measures of time-series vola-
tility that are common in the literature. Third, we focus on uncertainty in the monetary policy
rate and show that the dispersion in forecasts for the future monetary policy rate dominates all
other macroeconomic uncertainty in the data set. Finally, we account for small sample bias and
for the generated nature of macroeconomic volatility by bootstrapping critical values. As far as
we know, this is the first time in this literature. Since the bootstrapped critical values are substan-
tially higher than their asymptotic counterparts, this correction is important. We also check the
robustness of our main conclusions when we use the volatility of yield changes rather than re-
turns and when we construct GARCH-based measures of macroeconomic volatility.

2. Data
2.1 Bond volatility

We calculate daily bond returns using the Federal Reserve H.15 constant maturity interest
rate series for maturities of 30, 10, five and one years. Our approach is similar to Jones, Lamont

and Lumsdaine (1998). Assuming a hypothetical bond that trades at par at the end of dayt—n,



the coupon rate is equal to the yield-to-maturity and the value of the bond is 1. We then use the
yield at the end of dayt to calculate the price under the assumption that coupons are paid semi-
annually. The total return is calculated as the sum of the price change and the interest income

earned over the holding period (assuming 365 days in a year):
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where Moy is the return on a bond with a time-to-maturity of j~ years on day t, which reflects

that the maturity of the bond is j minus the number of holding days (n) rather than exactly j .
Yjin(Y;.) is the yield on a bond with time-to-maturity j years at day t—n(t) and n is the

holding period of the bond. For example, n =1 for weekdays and n =3 for Mondays. The final
term in equation (1) reflects the price of the bond at the end of day t—n, (which is 1 since the
bond is assumed to trade at par at day t—n). The equation ignores the change in return due to
the change in the time value of money over the holding period. Although this effect is insignifi-
cant, our return measure is therefore an approximation rather than an identity. We finally multip-
ly Mo by 100 to express the returns in percentage points.

Following French, Schwert and Stambaugh (1987), we calculate quarterly bond volatility

as:!
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where N; is the number of daily observations in quarter t, re is the daily return of a Treasury

bond with a time-to-maturity of j~ years on day i as defined above and  is the average daily

return of Treasury bond j during quarter t. Table 1 reports descriptive statistics. As is well-

! Our data frequency is dictated by the periodicity of the Survey of Professional Forecasters, which is quarterly.



known, the volatility of Treasury bond returns increases with time-to-maturity. Volatility is also
serially correlated, but Phillips-Perron unit root tests (unreported) reject the null hypothesis of a
unit root at the 5%-level of significance. We use a bootstrap to account for the persistence of
bond volatility when reporting significance levels in the remainder of this paper. Due to a change
in the Fed’s operating procedures, bond volatilities are much higher from the fourth quarter of
1979 onwards. Bond volatilities peak in the fourth quarter of 1987 (stock market crash), the
second quarter of 1994 (bond market crisis) and the third quarter of 2001 (terrorist attacks). The
empirical approach described in section 3 provides details on how we deal with these issues eco-
nometrically.

2.2 Macroeconomic uncertainty

We use the Survey of Professional Forecasters (SPF) to construct our macroeconomic
uncertainty measures. The SPF was started in 1968 by the American Statistical Association and
the National Bureau of Economic Research. The Federal Reserve Bank of Philadelphia took over
the SPF in June 1990. Participants in the survey are professional forecasters, who submit their
forecasts anonymously. Anonymity should allow forecasters to submit their true forecasts, even
if these contradict the firm’s official position (Croushore, 1993). Keane and Runkle (1990) and
Zarnowitz and Braun (1992) show that SPF forecasts are consistent with rational expectations
and outperform a variety of time-series models. Hafer and Hein (1985) compare the accuracy of
inflation forecasts derived from a univariate time-series model, an interest rate model and the
SPF. The general conclusion is that the SPF provides the most accurate forecasts over the period
1970Q1 — 1984Q2. More recently, Ang, Bekaert and Wei (2007) conduct a comprehensive study
on the forecasting abilities of time-series ARMA models, Phillips curve inspired regressions,
term structure models, and survey-based measures to predict inflation. Surveys, including the

SPF, provide the best forecasts for inflation and there is little evidence that combining predic-



tions improves upon survey forecasts.? Overall, the SPF is considered to be a high-quality survey
of professional forecasters.’

We take seven variables from the SPF. Some have been part of the survey since inception
(1968Q4), others have been added in 1981Q3. Table 2 lists the variables including start date and
abbreviation. The SPF contains expectations about the future short term interest rate (TBILL).
We take the dispersion in this variable as our measure of uncertainty about future monetary poli-
cy. This is consistent with most empirical studies, where the short-term interest rate is a common
choice for the central bank’s main instrument to conduct monetary policy (see for example Lee-
per, Sims and Zha, 1996). Our monetary policy uncertainty variable measures the uncertainty
about the monetary policy rate at each quarter as the cross-sectional dispersion of individual
forecasts. This is different from the monetary policy surprise developed by Kuttner (2001),
which contrasts actual target rate changes with expectations embedded in the Fed funds future.
The selection of the other variables is guided by theory on the economic determinants of interest
rates. The Taylor rule (Taylor, 1993) and its variations are the most common framework to relate
economic variables to the short-term interest rate. Monetary policy is linked to expectations re-
garding inflation and economic activity through the central bank’s reaction function. The SPF
contains measures of inflation expectations using either the GDP deflator (PGDP) or the con-
sumer price index (CPI). Expectations of future economic activity are measured using the fol-
lowing SPF variables: unemployment (UN), real GDP (RGDP), nominal GDP (NGDP) and in-

dustrial production (IP). If the Fed counters inflationary pressure and developments in real eco-

% The macro-term structure literature also starts to link state vector volatility to the volatility of bonds; see for exam-
ple Ang, Dong and Piazzesi (2007). Chun (2005) incorporates survey forecasts.

® Money Market Services International (MMS) is another popular survey often used in the literature. As far as we
know, however, MMS does not provide the expectations of individual forecasters which we need to construct our
macroeconomic uncertainty measure. Furthermore, MMS asks participants for their expectations of upcoming ma-
croeconomic releases. This differs from the approach of the SPF, where participants provide their multi-period-
ahead forecasts for various macroeconomic variables. Finally, the SPF starts almost 10 years earlier than MMS.



nomic activity with appropriate changes in monetary policy (for example in the spirit of the Tay-
lor rule), much of the macroeconomic uncertainty should be captured by the uncertainty about
the future short interest rate.* We further explore this issue in section 3.3.

Our construction of uncertainty measures from survey data follows the literature. Giorda-
ni and Soderlind (2003) and Bomberger (1996) conclude that disagreement on a point forecast,
measured by the cross-sectional standard deviation, is a good representation of uncertainty. For
each variable in each quarter, we calculate cross-sectional standard deviations. For series that are

not reported in percentage terms (all except unemployment, inflation and the T-bill rate), we cal-
culate predicted growth rates as follows: E(AY,;*) = (E(Y,;*)/Y.{") -1, where E(AY,;")is the
predicted growth rate between the previous quarter and quarter t+k of variable Y at time t by fo-

recaster i. Y,y ' is the level of variable Y in the quarter preceding the survey date t as observed by

forecaster i. Since the advance release for the previous quarter’s value is known when partici-

pants submit their forecasts, forecasters rarely disagree on this value. E(Yift“‘) is the predicted

value of Y in quarter t+k made at time t by forecaster i. We use U1 and U4 for uncertainty for
k=1 and k=4, respectively. At each survey date, the cross-sectional standard deviation based on

n forecasters is:
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Since the order of magnitude is different for each of the uncertainty and macroeconomic

volatility variables, we normalize all variables by dividing each measure by its time-series stan-

* How much of the macroeconomic uncertainty is reflected in uncertainty about the future short interest rate depends
on monetary policy inertia, interest rate smoothing and on how much weight the Fed places on the various macroe-
conomic variables. We thank an anonymous referee for pointing this out.



dard deviation. This step is innocuous, as it does not affect significance levels or the explanatory
power of the regressions. However, it enhances comparability across the variables.

When the Philadelphia Fed took over the survey in the summer of 1990, they were too late to
send out the 1990Q2 survey. The 1990Q2 survey was mailed out together with the 1990Q3 edi-
tion. In filling in the 1990Q2 data, forecasters thus had the benefit of hindsight. A re-run with a
1990Q2 dummy does not affect the results.

We calculate bond volatility over periods that match the survey deadlines, rather than ca-
lendar quarters, to bring them in line with the SPF. For example, the 1993Q1 and 1993Q2 survey
deadlines were February 19™ 1993 and May 5" 1993, respectively. We calculate the 1993Q2
bond volatility using daily returns between these dates. This procedure makes sure that bond
volatility is matched with the information that was available for forecasters in the SPF. From
1990Q2 onwards, when the Philadelphia Fed took over the survey, deadline dates are exactly
available. For the period prior to that we take the 20" as the deadline, which is the average date
in the post-1990 period. Varying this date does not have an impact on our conclusions.

Table 3 shows that uncertainty is larger for k=4 than for k=1, as one would expect. The
first-order autocorrelation is high, indicating that uncertainty does not die out very quickly. Phil-
lips-Perron unit root tests (unreported) show that the null hypothesis of a unit root in uncertainty
is rejected at the 5%-level of significance for all variables.

2.3 Macroeconomic volatility

Realizations for the macroeconomic variables in the SPF come from two data sources.
First, we use the February 2006 edition of the Real Time Dataset for Macroeconomists
(RTDSM) from the Federal Reserve Bank in Philadelphia. We are able to match six out of seven
SPF series with the RTDSM database. The variable definitions are identical. When we compare

median values across forecasters from the quarter preceding the survey date (for which most par-
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ticipants use the published advance release) with initial unrevised data from the RTDSM, we
observe a perfect fit. Second, our data source is Thomson Financial Datastream for industrial
production. This series is also closely related to the corresponding SPF data: the correlation of
levels (first differences) between SPF previous quarter values and this series is 0.99 (0.94).

We follow Bansal, Khatchatrian and Yaron (2005) in constructing macroeconomic volatility

measures. For each macroeconomic series Y, we estimate an AR(1)-model and collect the resi-

duals &, . Volatility is calculated as:

3
(4) GtY—l,J = IOQ(Z‘gth U
=

As with macroeconomic uncertainty, we divide each macroeconomic volatility measure
by its time-series standard deviation. This does not affect t-values or R-squares of our main re-
gressions.

Akaike Information Criterion and Schwartz Information Criterion based AR(p) models
yield similar results. The log in equation (4) makes the volatility measure less susceptible to out-
lier observations, but comes at the cost of potentially negative values for volatility, which are
difficult to interpret. Dropping the log in (4) does not affect our conclusions, however. We con-
sider lag values for J=1 and 4. Table 3 reports summary statistics for macroeconomic volatility,
denoted V1 and V4 for respectively J=1 and J=4. Mean values are higher for four-quarter volatil-
ity than for one-quarter volatility. Standard deviations are lower for four-quarter volatility as
absolute residuals from the AR(1) models are smoothed in the summation in (4). First-order au-
tocorrelations are also higher for four-quarter volatilities, but Phillips-Perron unit root tests (un-

reported) reject the null-hypothesis of a unit-root at the 5%-level for all variables. Both the per-
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sistence and the fact that macroeconomic volatility is generated rather than observed are taken
into account using a bootstrap.

3 Results
3.1 Contemporaneous relationship

This paragraph explores the contemporaneous relationship between bond volatility and
macroeconomic uncertainty and volatility. To this end, we estimate the following regression:
(5) o, =a+ fBo) +yo

-1 + d:)MPoIicy,t + gt !

maturity j,t maturity j,t

where omaurity j, ¢ IS the volatility of Treasury bonds with maturity j = 1, 5, 10 and 30 years at time
t: o' is either macroeconomic uncertainty (U1 or U4) or macroeconomic volatility (V1 or V4) at
time t. Dwpolicy,t is @ dummy variable to account for the effect of the change in the Fed’s operating
procedures on volatility. It equals one from 1979:4 onwards and zero otherwise. The error term
is denoted &. Adding dummy variables to account for the stock market crash of 1987, the bond
market crisis of 1994 and the terrorist attacks of 2001 does not change the conclusions. We use
quarterly data over the period 1969:1 — 2005:4. Estimating equation (5) with calendar quarters
rather than SPF deadline matched quarters for V1 and V4 leads to only minor differences with
the reported results. We therefore report the results based on SPF-deadline-matched quarters
throughout the paper.

Tables 4 and 5 report the A estimates, Newey-West t-values and AR?s.> We do not report
the estimates and t-values for the constant, lagged volatility and the dummy. The AR? measures
the incremental explanatory power of the macroeconomic variable beyond what is contained in

lagged bond volatility and the dummy variable (and are hence substantially lower than the total

® We use Newey-West standard errors because Treasury bond market volatility is both autocorrelated and heteroske-
dastic. The number of lags is in line with the original suggestion of Newey and West (1987):

floor (4 /(T /100)?'®) where T is the number of observations.
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R? of the regression). Significance levels for 4 and the AR?s are based on a bootstrap similar to
Mark (1995). We fit univariate time-series models to the data for bond volatility and macroeco-
nomic uncertainty. Subsequently, we generate 10,000 artificial samples by drawing innovations
from a distribution with similar variance as the error term from the time-series model. In each of
the 10,000 runs, we regress the simulated bond volatility on the simulated macroeconomic uncer-
tainty. The parameter estimates, Newey-West t-values and AR?s from all runs form the bootstrap
distributions under the null hypothesis that bond volatility is unrelated to macroeconomic uncer-
tainty. For macroeconomic volatility, the procedure is slightly different. In each run, we simulate
macroeconomic growth, rather than volatility, and construct the volatility measure according to
(4). Hence, the t-values and AR?s take into account that macroeconomic volatility is constructed
in a two-step procedure. The critical values are substantially different from asymptotic statistics,
which illustrates the importance of this correction. Further details are available from the authors.
Table 4 shows the results for the first quarter and Table 5 for the fourth quarter. The
tables shows that uncertainty about future monetary policy has the strongest contemporaneous
relationship with bond volatility. All parameter estimates are significantly different from zero
and the parameter estimates are higher than for the other variables. In moving from longer to
shorter maturities, the variation explained by monetary policy uncertainty increases from 13%
(U1) - 14% (U4) for 30-year bonds to 37% (U1) - 35% (U4) for one-year bonds. One should
keep in mind that this is the variation explained after the influence of lagged bond market volatil-
ity and the dummy is accounted for. Other macroeconomic uncertainty measures are also signifi-
cant, but less consistently so. Table 4 and 5 also show that the contemporaneous relation between
bond volatility and macroeconomic volatility is rather weak. This confirms earlier volatility stu-

dies (see Schwert, 1989 and David and Veronesi, 2004). Our bootstrapped critical values are
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substantially higher than the asymptotic ones. Taking the 30-year bond volatility as an example,
the t-values for V4 CPI (2.12) and U4 IP (2.05) are significant at the 10% level only. Taking the
small sample bias and the persistence of the variables into account hence makes a difference.

3.2 Uncertainty versus volatility

We next explicitly contrast the abilities of macroeconomic volatility and macroeconomic

uncertainty with each other using the following regression:

_ Y ,uncert Y ,vol.
(6) o-maturityj,t =a+ ﬁuncert O-t + voI.Gt + 7O-maturityj,t—1 + a:)MPoIicy,t + gt !

Y,uncert Y,vol

where Omaturity jt 1S bond volatility in quarter t and o and oy are respectively macroeco-
nomic uncertainty and volatility for variable Y in quarter t. The estimated coefficients are de-
noted Suncert, Aol Y @and J; & is the error term. As before, Dupolicy IS the dummy for the shift in
monetary policy. Estimation results on the constant term, lagged bond market volatility and the
dummy are not reported.

When both measures are included in the regression, the uncertainty measure usually out-
performs the volatility measure in explaining bond volatility, see Table 6 for the first quarter and
Table 7 for the fourth quarter. First, parameter estimates for macroeconomic uncertainty are
higher than the parameter estimates for macroeconomic volatility. Since both measures are nor-
malized, the magnitude of the parameters can be compared directly. Second, the macroeconomic
uncertainty variable is often significant, whereas the macroeconomic volatility variable is not.
This suggests that the impact of macroeconomic volatility disappears when macroeconomic un-
certainty is taken into account. Tables 4 and 5 show that T-bill volatility is one of the few signif-
icant volatility measures, yet its significance disappears when monetary policy uncertainty is

included. Re-running the analysis with calendar quarters instead of SPF deadline matched quar-

ters leads to the same conclusions.
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3.3 Monetary policy uncertainty

We next address the question whether there is a role for other macroeconomic variables
once monetary policy uncertainty is accounted for. For each macroeconomic uncertainty varia-

ble, we run the regression:

_ MPolicy Y orth.
(7) o-maturityj,t =a+ WI + ﬁat + 70 -1 + gt !

maturity j,t

where Gatrity j 1S bond volatility with maturity j = 1, 5, 10 and 30 years at time t, o °"® de-
notes monetary policy uncertainty and & is the error term. Since the sample for the monetary
policy uncertainty variable starts after the change in the Fed’s operating procedures, the model

does not include the shift-in-monetary-policy dummy The new term (o7’ o™

) denotes the uncer-
tainty about macroeconomic variable Y, orthogonalized with respect to monetary policy uncer-
tainty. The orthogonalization allows us to test whether any residual macroeconomic uncertainty
(once monetary policy uncertainty is accounted for) explains bond volatility.

Table 8 (9) reports estimates of ¢ and £, as well as t-values and AR?s with significance
levels derived using the bootstrap for quarter one (four). Estimates and t-values of & and y are not
reported. The findings indicate that monetary policy uncertainty dwarfs the significance of other
macroeconomic uncertainty variables. Parameter estimates for monetary policy uncertainty are
substantially higher than for the other variables. Once monetary policy uncertainty is included,
few variables add significantly to the relationship with bond volatility. This conclusion stays
intact if we do not orthogonalize. In addition to the univariate analysis, we also run a regression

of Treasury bond volatility on a constant, lagged bond volatility, monetary policy uncertainty

and all other orthogonalized uncertainty variables. We estimate the following:

_ MPolicy Y _Yorth
(8) Gmaturityj,t =a+ Wt + Zﬂ O-t + yo_maturityj,t—l + gt
Y
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The variables are as in equation (7), but the equation now estimates all other orthogona-
lized macroeconomic uncertainty variables simultaneously. Table 10 reinforces the conclusions
from Tables 8 and 9: virtually no other uncertainty variable adds to explaining bond volatility
once lagged bond volatility and uncertainty about the monetary policy rate are taken into ac-
count. The only exceptions are uncertainty about the deflator and unemployment, but only for the
one-year maturity in combination with the four-quarter horizon. Some of the other variables are
also significantly different from zero, but these have the incorrect (negative) sign. Apparently,
once monetary policy uncertainty has been taken into account, any residual uncertainty about
these macroeconomic variables reduces Treasury bond volatility. The incremental explanatory
power of all regressions is significantly different from zero. We also test for joint insignificance

of the non-monetary-policy uncertainty variables with a likelihood ratio test, Ho: > 8" =0 Boot-
Y

strapped significance levels indicate that this hypothesis is only rejected for the fourth quarter
with the five-year maturity and both horizons for the one-year maturity. Apart from the fourth
quarter for the one-year maturity, the rejection is caused by significant variables that have an
incorrect sign.

Apparently, uncertainty about the future course of monetary policy summarizes most of
the relevant macroeconomic information. It is striking to see that neither uncertainty about infla-
tion, nor economic activity adds substantially once monetary policy uncertainty has been taken
into account. If the reaction of the central bank to inflation and economic activity imbalances
would be inadequate, these factors could become distinct pieces of information relevant to bond

holders.
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3.4 Granger causality

The previous sections report a strong contemporaneous link between monetary policy un-
certainty and bond volatility. However, this does not imply causality. In Veronesi’s (1999) mod-
el, causality runs from macroeconomic uncertainty to asset volatility. Yet we cannot exclude the
possibility of reverse causality in our empirical work, where the dispersion between the monetary
policy forecasts by SPF participants is influenced by current bond volatility. To address this is-
sue, we conduct Granger causality tests. For each maturity we estimate unrestricted first-order
bivariate vector autoregressions of the form:

9) Z,,=AZ +BX, +¢.,,

where Z; contains bond volatility and macroeconomic uncertainty at time t and X; contains ex-
ogenous variables (in this case, the dummy for the shift in monetary policy and a constant). A
and B are matrices with estimated parameters and & is the error term. Table 11 reports F-
values and bootstrapped significance levels for all bond maturities. The results provide strong
evidence that causality runs from monetary policy uncertainty to bond volatility, rather than the
other way around. This is consistent both with theory and intuition. In the model of Veronesi
(1999), for example, market participants react stronger to new information during times when
uncertainty about fundamentals is high. This, in turn, translates into higher volatility when uncer-
tainty is high.

4. Robustness tests
4.1 Yield changes versus returns

This section evaluates the robustness of our main conclusions when we calculate volatili-
ty based on changes in bond yields, rather than returns. The correlations between the volatility
series are very high: 0.855 (30-year), 0.969 (10-year), 0.990 (five-year), and 0.999 (one-year).

We re-run all tests from section 3 with the new volatility measure (i.e. the analysis from section
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3.2, where we explicitly contrast macroeconomic uncertainty with macroeconomic volatility and
the Granger causality tests from section 3.4). We briefly summarize the conclusions, but the
tables are available upon request.

Re-running the analysis summarized in Table 6 with bond yield changes instead does not
change the conclusion. With only a handful of exceptions, macroeconomic uncertainty domi-
nates macroeconomic volatility. Working with the volatility of yield changes even leads to
somewhat more pronounced results. Especially for monetary policy uncertainty, coefficients are
high and significant compared to both the previous results and the other variables. More uncer-
tainty about the monetary policy rate is thus related to higher (yield) volatility in the Treasury
bond market for all maturities.

We also analyze whether there is a role for other macroeconomic uncertainty variables
once uncertainty about the monetary policy rate is accounted for. Similar to Table 10, the mul-
tiple regression equation contains all other (orthogonalized) macroeconomic uncertainty va-
riables. Again, the results are very similar under the new definition of bond volatility. Once
monetary policy is taken into account, uncertainty about additional macroeconomic uncertainty
variables is not significant. Likelihood ratio tests show that joint insignificance of all other un-
certainty variables cannot be rejected, except for the one-year maturity. This rejection, however,
is attributable to the negative but statistically significant influence of CPI uncertainty. Granger
causality tests reinforce the original conclusion from section 3.4: causality runs from TBILL un-
certainty to Treasury bond volatility rather than the vice versa.

4.2 A different measure of macroeconomic volatility

In section 2.3, we follow the approach of Bansal, Khatchatrian and Yaron (2005) in con-

structing our measure of macroeconomic volatility. To assess whether the conclusions are driven
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by our specific choice for macroeconomic volatility, we use an alternative AR(1) -
GARCH(1,1)-based volatility measure. We estimate:
(10) Y, =c+p¥ , +¢&
(1)  E(1Qu)=h,
(12) h =w+asg’+pn,
The mean process for macroeconomic series Y, contains a constant and an AR-term. The

variance, conditional on the information set at t—1, is time-varying and follows a standard
GARCH(1,1) process. We take the square root of h, as our alternative measure for macroeconom-

ic volatility. The alternative macroeconomic volatility measures are strongly related: the average
correlation of the GARCH-based measures is 0.24 for V1 and 0.68 for V4.

Although the GARCH-based macroeconomic volatility measures perform slightly better, none of
our main conclusions is affected. Indeed, when explicitly contrasted in the form of the “horse-
race” regression of section 3.2, macroeconomic uncertainty still dominates the new macroeco-
nomic volatility measure in most cases. Over all maturities and all macroeconomic variables, the
mean t-value of the uncertainty variables is 2.57 in the horse-race of Table 6 (first quarter). The
average t-value of the V1 variables is 0.40. When Q1 macroeconomic volatility is replaced by
the GARCH-based volatility measure and contrasted with Q1 uncertainty, the average t-value for
the uncertainty variables changes to 2.49 and 0.66 for the volatility variables. At the fourth quar-
ter (cf. Table 7), results are also very similar. The average t-value of the uncertainty variables
changes from 2.34 to 2.09 and the t-value of the volatility measures increases slightly from 0.80
to 1.12, on average. Since the conclusions are similar to the GARCH-based volatility measure,

we do not report these results in detail.
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5. Conclusions
We study the fundamental determinants of U.S. Treasury bond volatility over 1969 —

2005. There is a strong link between dispersion-based uncertainty and bond market volatility.
This link is much stronger than for the time-series measures of macroeconomic volatility typical-
ly used in the literature. In addition, we show that dispersion-based uncertainty about the mone-
tary policy rate dwarfs the uncertainty about other macroeconomic variables. This finding adds
to findings of the relevance of monetary policy for bond market volatility in the announcements
literature. We also show that causality clearly runs one way: uncertainty about the monetary pol-
icy rate causes bond market volatility, rather than vice versa. These conclusions are robust to
changes in the way we construct macroeconomic volatility and do not change when we calculate
the volatility of Treasury bonds using yield changes rather than returns. From an econometric
perspective, we bootstrap critical values of our tests to account for small sample bias and the
generated nature of some of the variables. Although this has not been done in the literature, it
turns out to be important as bootstrapped critical values are substantially higher than their
asymptotic counterparts.

The dominance of uncertainty about the future course of monetary policy leads to an in-
teresting conclusion. Treasury bond volatility is important for policy makers. Rudebusch (2001),
for example, incorporates Treasury bond market volatility in the reaction function of the Fed. We
show that uncertainty about the monetary policy rate is the single most important determinant of
bond market volatility. This is a variable over which the Fed has at least some direct control. By
designing and further developing a careful strategy to guide and manage financial markets’ ex-
pectations, the Fed may reduce uncertainty about the policy rate and hence reduce the volatility

in the Treasury bond market.
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Table 1
Summary statistics for bond volatilities

For 30-year maturity the sample period is 1977Q1 — 2005Q4, for the maturities 10-year, five-year and
one-year the sample period is 1969Q1 — 2005Q4. p; is the first order autocorrelation coefficient.

Maturity Mean Median Maximum  Minimum  Std. dev. P1

30-year 5.39 521 11.19 0.97 1.92 0.67
10 3.41 3.13 9.72 0.80 1.52 0.71
5 2.30 2.05 6.75 0.72 1.05 0.72
1 0.60 0.48 2.25 0.21 0.43 0.85
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Table 2
List of variables

Codes, descriptions and start dates for the macroeconomic variables are from the SPF.

Code Description Start date
NGDP Nominal GDP (GNP prior to 1992) 1968-Q4
PGDP GDRP price index (prior to '96 GDP implicit price deflator, 1968-Q4
prior to '92 GNP deflator)
UN Civilian Unemployment rate 1968-Q4
IP Industrial production index 1968-Q4
CPI Consumer price index, %-change from prev. Quarter 1981-Q3
TBILL 3-month Treasury bill rate 1981-Q3
RGDP GDP in constant dollars (GNP prior to 1992) 1981-Q3
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Table 3
Summary statistics

U1 (U4) is SPF uncertainty for quarter 1 (4) and V1 (V4) is time-series volatility for quarter 1 (4) gener-
ated as described in the text. The sample period is 1969Q1 — 2005Q4 for NGDP, PGDP, UN and IP and
1981Q3 — 2005Q4 for CPI, TBILL and RGDP. p; is the first order autocorrelation coefficient.

Variable Mean Median Maximum Minimum  Std. dev. P1
Ul NGDP 0.74 0.64 2.50 0.28 0.37 0.59
PGDP 0.48 0.40 2.17 0.14 0.28 0.55
UN 0.22 0.19 0.53 0.10 0.09 0.72
IP 1.18 1.10 2.87 0.44 0.48 0.67
CPI 0.75 0.59 2.74 0.37 0.42 0.73
TBILL 0.36 0.30 1.87 0.12 0.27 0.79
RGDP 0.49 0.39 1.52 0.23 0.26 0.75
U4 NGDP 1.65 1.56 3.86 0.62 0.76 0.75
PGDP 1.09 0.87 6.35 0.43 0.73 0.46
UN 0.39 0.36 0.89 0.18 0.14 0.83
IP 2.39 2.22 4.83 0.89 0.94 0.71
CPI 0.78 0.62 2.83 0.35 0.43 0.73
TBILL 0.68 0.58 2.31 0.31 0.36 0.83
RGDP 0.98 0.80 2.28 0.48 0.44 0.59
V1 NGDP -0.93 -0.66 1.40 -5.22 1.19 0.19
PGDP -1.99 -1.83 0.01 -8.10 1.24 -0.02
UN -1.89 -1.76 0.52 -4.99 1.01 0.19
IP -0.63 -0.45 1.59 -4.75 1.19 0.08
CPI -1.72 -1.40 0.28 -7.93 1.37 0.17
TBILL -1.37 -1.20 1.06 -4.75 1.15 0.33
RGDP -1.36 -1.07 0.75 -6.22 1.27 0.19
V4 NGDP 0.79 0.76 2.06 -0.52 0.56 0.86
PGDP -0.23 -0.20 0.90 -1.47 0.49 0.82
UN -0.26 -0.29 1.30 -1.42 0.58 0.83
IP 1.10 1.12 2.61 -0.17 0.60 0.87
CPI 0.05 0.04 1.08 -1.42 0.61 0.86
TBILL 0.30 0.29 1.97 -2.07 0.80 0.90
RGDP 0.42 0.36 1.90 -1.40 0.62 0.81
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Table 4

Explaining bond volatility: first quarter

The table reports coefficient estimates, Newey-West (1987) t-values and incremental R?s (4R?) for regres-
sions of bond volatility on macroeconomic uncertainty (U1) or volatility (V1). For NGDP, PGDP, UN
and IP the sample period is 1969Q2 — 2005Q4 (1977Q2 — 2005Q4 for 30-year), for CPI, TBILL and

RGDP the sample period is 1981Q4 — 2005Q4.

NGDP PGDP UN IN CPI TBILL RGDP
30-year maturity
U1 Y 0.39 0.39 0.47 0.42 0.36 0.50 0.33
t 1.64 280 7 238 7 2417 2227 5027 208 ©
AR? 0.07 ™ 007 ™ 009 ™ 007 0077 0137 0.06
V1 B 0.11 -0.15 0.06 0.41 0.17 0.37 0.16
t 0.64 -1.20 0.44 296 7" 188 7 276 7 1.13
AR? 0.01 0.01 0.00 0.09 ™ 0.02 0.09 ™ 0.02
10-year maturity
Ul B 0.44 0.28 0.43 0.43 0.31 0.58 0.43
t 215 7 245 7 308 7" 312 77 242 ¢ 8.24 ™" 3.2 ™
AR? 013 ™ 005 7 013 7 011 77 008 7 026 0.15 ™
V1 Y 0.03 -0.04 0.07 0.33 0.09 0.32 0.18
t 0.27 -0.40 0.77 304 77 131 264 7 1.56
AR? 0.00 0.00 0.00 0.09 ™ 0.01 011 ™ 0.03 ~
Five-year maturity
U1 Y 0.29 0.18 0.28 0.27 0.17 0.44 0.33
t 1.91 © 2237 2427 2517 220 " 719 7 3.03
AR? 011 ™ 004 ™ 0117 009 0057 029 0.17 ™
V1 B 0.02 -0.02 -0.01 0.16 0.04 0.22 0.10
t 0.31 -0.40 -0.09 226 7 0.80 268 7 1.30
AR? 0.00 0.00 0.00 0.05 7  0.00 012 ™ 0.02
One-year maturity
Ul B 0.07 0.04 0.08 0.07 0.02 0.19 0.13
t 1.33 1.78 © 1.73 © 1.50 1.30 569 259 7
AR? 005 7 002 ~ 008 ™ 004 7 001 037 ™ 020 7
V1 Y 0.01 0.02 0.00 0.04 0.00 0.06 0.03
t 0.31 1.11 -0.22 1.48 0.01 234 7 1.63
AR? 0.00 0.01 0.00 002 °  0.00 0.09 ™ 003 ~

*** ** and * indicate statistical significance at the 1%, 5% and 10% level based on a bootstrap.
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Table 5
Explaining bond volatility: fourth quarter

The table reports coefficient estimates, Newey-West (1987) t-values and incremental R?s (4R?) for regres-

sions of bond volatility on macroeconomic uncertainty (U4) or volatility (V4). For NGDP, PGDP, UN
and IP the sample period is 1969Q2 — 2005Q4 (1977Q2 — 2005Q4 for 30-year), for CPI, TBILL and
RGDP the sample period is 1981Q4 — 2005Q4.

NGDP PGDP UN IN CPI TBILL RGDP
30-year maturity
U4 B 0.32 0.33 0.37 0.27 0.18 0.54 0.21
t 1.51 1.71 300 ™ 205 ° 0.93 389 7 1.28
AR? 004 ™ 004 ™ 0077 003" 0.02 014 ™ 0.02
V4 Y 0.23 0.10 0.10 0.30 0.26 0.16 0.07
t 1.21 0.69 0.72 1.53 212 ° 1.36 0.43
AR? 002 ~ 0.00 0.00 004 ™ 004 002 0.00
10-year maturity
U4 Y 0.51 0.26 0.43 0.33 0.22 0.61 0.29
t 291 7 1.75 © 431 7 32277 144 6.02 7 223 7
AR? 014 ™ 004 ™ 0137 007 7 004 027 77 0.08 ™
V4 B 0.21 0.12 0.14 0.34 0.14 0.28 0.14
t 1.46 1.13 1.74 ° 232 7 149 292 7 1.05
AR? 003 0.01 0.02 ~ 007 7 0.02 0.07 7 0.02
Five-year maturity
U4 B 0.38 0.16 0.30 0.19 0.13 0.49 0.19
t 310 7 1.54 357 7" 245 7 138 6.06 258 7
AR? 014 ™ 0037 0127 0047 003" 033 7 007 7
V4 Y 0.19 0.11 0.09 0.22 0.06 0.24 0.10
t 1.96 ~ 1.63 1.84 © 241 7 0098 399 7 1.18
AR? 0.04 ™ 0.02 ° 0.01 006 ™ 0.01 011 ™ 0.02
One-year maturity
U4 Y 0.09 0.05 0.07 0.02 0.03 0.17 0.06
t 201 © 1.54 1.63 0.78 0.61 6.17 7 313 77
AR? 0.06 ™ 003 ™ 006 7 001 0.01 035 0.07 ™
V4 B 0.06 0.04 0.02 0.05 0.01 0.06 0.04
t 1.96 ~ 210 7 1.05 1.94 © 0.54 326 7 1.46
AR? 003 ™ 002 ™  0.00 0.03 ™ 0.00 0.08 ™ 003 ™

*** **and * indicate statistical significance at the 1%, 5% and 10% level based on a bootstrap.
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Table 6

Uncertainty versus volatility: first quarter

The table reports coefficient estimates, Newey-West (1987) t-values and incremental R?s (4R?) for re-
gressions of bond volatility on macroeconomic uncertainty and volatility (U1 versus V1). For NGDP,
PGDP, UN and IP the sample period is 1969Q2 — 2005Q4 (1977Q2 — 2005Q4 for 30-year), for CPI,

TBILL and RGDP the sample period is 1981Q4 — 2005Q4.

NGDP PGDP UN IN CPI TBILL RGDP

30-year maturity
U1 Vi 0.38 0.40 0.50 0.30 0.33 0.39 0.31

t 1.62 273 7 238 7 167 197 © 3.08 211 7
V1 Vi 0.05 -0.16 -0.08 0.33 0.08 0.20 0.11

t 0.34 -1.50 -0.62 247 7 0.83 1.55 0.85

AR? 007 7 008 ™ 009 013 007 7 0.15 7 0.07
10-year maturity
U1 Y 0.44 0.28 0.47 0.34 0.30 0.52 0.41

t 218 241 7 322 ™ 248 7 234 7 554 337 7
V1 Y -0.02 -0.02 -0.09 0.25 0.01 0.10 0.12

t -0.24 -0.21 -1.24 243 0.13 1.03 1.32

AR? 013 ™ 005 7 014 ™ 016 7 008 © 027 7 0.16
Five-year maturity
U1 Y 0.29 0.18 0.34 0.23 0.17 0.40 0.31

t 1.91 © 221 7 285 7 208 ° 221 ™ 5.17 310 ™
V1 Y 0.00 -0.01 -0.12 0.11 -0.01 0.06 0.05

t -0.08 -0.15 209 7 155 -0.19 0.99 0.91

AR? 011 ™ 004 7 014 ™ 011 7 0.05 030 7 0.18 ™
One-year maturity
U1 ;i 0.07 0.04 0.10 0.06 0.03 0.19 0.12

t 1.33 1.90 © 1.96 ~ 1.28 1.34 462 280
V1 ;i 0.00 0.02 -0.03 0.03 -0.01 0.01 0.03

t 0.28 1.32 -1.54 1.04 -0.62 0.38 2.16 ©

AR? 0.05 0.03 010 ™ 0.05 7 0.01 037 7 022 ™

*** ** and * indicate statistical significance at the 1%, 5% and 10% level based on a bootstrap.
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Table 7

Uncertainty versus volatility: fourth quarter

The table reports coefficient estimates, Newey-West (1987) t-values and incremental R?s (4R?) for re-
gressions of bond volatility on macroeconomic uncertainty and volatility (U4 versus V4). For NGDP,
PGDP, UN and IP the sample period is 1969Q2 — 2005Q4 (1977Q2 — 2005Q4 for 30-year), for CPI,

TBILL and RGDP the sample period is 1981Q4 — 2005Q4.

NGDP PGDP UN IN CPI TBILL RGDP

30-year maturity
U4 Vi 0.27 0.33 0.37 0.20 0.09 0.64 0.23

t 1.24 1.70 328 ™ 160 0.41 388 1.41
V4 Vi 0.12 0.04 -0.02 0.24 0.23 -0.16 -0.05

t 0.68 0.32 -0.12 1.20 1.67 -1.13 -0.34

AR? 0.05 0.04 ~ 007 &  0.05 0.04 015 0.03
10-year maturity
U4 Y 0.48 0.25 0.41 0.26 0.19 0.61 0.29

t 278 7 1.79 © 401 7 261 7 112 541 ™ 217 7
V4 Y 0.09 0.12 0.05 0.27 0.08 -0.01 0.00

t 0.65 1.20 0.59 1.78 ° 0.80 -0.09 -0.04

AR? 014 ™ 0.05 013 ™ 010 ™ 0.05 027 ™ 0.08 ™
Five-year maturity
U4 Y 0.34 0.16 0.29 0.15 0.12 0.46 0.19

t 274 1.58 327 ™ 177 ” 1.16 517 ™ 232 7
V4 Y 0.12 0.13 0.03 0.19 0.03 0.06 0.01

t 1.27 1.83 ° 0.47 191 © 0.39 1.24 0.17

AR? 0.16 ™ 0.06 012 ™ 008 ™ 0.3 034 ™ 0.08 ™
One-year maturity
U4 ;i 0.08 0.05 0.07 0.02 0.02 0.16 0.06

t 1.87 © 1.57 1.61 0.54 0.48 562 269
V4 ;i 0.06 0.04 -0.00 0.05 0.00 0.02 0.02

t 1.81 © 2090 7 -0.00 1.65 ° 0.17 1.56 0.77

AR? 0.09 ™ 005 7 006 ™  0.03 0.01 036 0.08

*** ** and * indicate statistical significance at the 1%, 5% and 10% level based on a bootstrap.
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Table 8
Monetary policy uncertainty versus other uncertainty (univariate): first quarter

The table reports coefficient estimates, Newey-West (1987) t-values and the incremental R?s (4R?) for
regressions of bond volatility on a constant, lagged bond market volatility, U1 monetary policy uncertain-
ty and an (orthogonalized) macroeconomic uncertainty variable (U1). Estimates for the constant and
lagged bond market volatility are not shown. For all variables, the sample period is 1981Q4 — 2005Q4.

NGDP PGDP UN IN CPI RGDP
30-year maturity
U1 ¢ 0.49 0.50 0.49 0.49 0.50 0.50
t 499 ™ 502 7 5017 519 7 506 511 7
B -0.09 0.09 -0.12 -0.12 0.01 -0.03
t -0.72 0.46 -0.43 -0.64 0.03 -0.18
AR? 013 ™ 013 ™ 0137 013 7 013 ™ 0.13 ™
10-year maturity
U1 ¢ 0.58 0.58 0.57 0.57 0.57 0.58
t 798 ™ 779 7" 819 7 809 8.22 ™" 8.04 ™
B 0.01 0.00 -0.10 -0.04 -0.15 0.08
t 0.11 0.02 -0.59 -0.33 -0.90 0.66
AR? 026 026 02777 026 027 7 027 7
Five-year maturity
U1 ¢ 0.45 0.44 0.45 0.44 0.42 0.45
t 7.02 7 670 ™ 750 7" 730 7 712 7 714 7
B 0.04 0.02 0.04 0.01 -0.15 0.10
t 0.49 0.19 0.36 0.06 -1.37 0.96
AR? 029 ™ 029 ™ 029 7" 029 7 031 ™ 030 7
One-year maturity
U1 ¢ 0.21 0.21 0.22 0.21 0.18 0.22
t 6.29 6.48 77 804 7 808 535 77 621 7
B 0.03 0.04 0.08 0.03 -0.05 0.07
t 0.72 1.39 1.83 ° 0.86 225 7 1.38
AR? 038 038 ™ 0417 0387 040 ™ 043

*** ** and * indicate statistical significance at the 1%, 5% and 10% level based on a bootstrap.
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Table 9
Monetary policy uncertainty versus other uncertainty (univariate): fourth quarter

The table reports coefficient estimates, Newey-West (1987) t-values and the incremental R?s (4R?) for
regressions of bond volatility on a constant, lagged bond market volatility, U4 monetary policy uncertain-
ty and an (orthogonalized) macroeconomic uncertainty variable (U4). Estimates for the constant and
lagged bond market volatility are not shown. For all variables, the sample period is 1981Q4 — 2005Q4.

NGDP PGDP UN IN CPI RGDP
30-year maturity
U4 ¢ 0.53 0.54 0.54 0.54 0.55 0.54
t 3.75 7 384 7 3837 390 374 ™" 397 77
B -0.40 -0.16 -0.06 -0.03 -0.30 -0.11
t 247 -0.48 -0.36 -0.15 2.03 ° -0.69
AR? 0.18 ™ 014 ™ 0147 014 77 016 0.14 ™
10-year maturity
U4 ¢ 0.60 0.61 0.61 0.61 0.60 0.61
t 583 606 7 628 " 585 6.04 ™ 6.00
B -0.14 0.06 0.11 0.10 -0.25 0.00
t -1.03 0.25 0.77 0.87 218 7 -0.02
AR? 027 7 027 7 02777 0271 77 030 7 027 7
Five-year maturity
U4 ¢ 0.48 0.51 0.51 0.49 0.47 0.49
t 575 596 77 624 7" 587 77 651 7" 6.06
B -0.03 0.15 0.16 0.05 -0.20 -0.01
t -0.34 1.03 1.47 0.75 251 7 -0.18
AR? 033 ™ 034 ™ 03 7 0337 037 7 033 7
One-year maturity
u4 ¢ 0.19 0.22 0.23 0.18 0.16 0.18
t 556 7207 623 7 562 7 635 7 611 7
B 0.04 0.19 0.14 0.03 -0.04 0.03
t 1.33 402 ™ 298 7" 133 -0.98 1.47
AR? 037 7 048 ™ 047 77 036 037 7 036

*** ** and * indicate statistical significance at the 1%, 5% and 10% level based on a bootstrap.
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Table 10
Monetary policy uncertainty versus other uncertainty (multiple)

The table reports coefficient estimates, Newey-West (1987) t-values and the incremental R%s (4R?) for
regressions of bond volatility on a constant, lagged bond market volatility, monetary policy uncertainty
and all (orthogonalized) macroeconomic uncertainty variables. Estimates for the constant and lagged
bond market volatility are not shown. LR shows the likelihood ratio test statistic for joint redundancy of
all orthogonalized macroeconomic uncertainty variables. The sample period is 1981Q4 — 2005Q4.

TBILL NGDP PGDP UN IN CPI RGDP

30-year maturity

U1 B 0.50 -0.13 0.26 -0.13 -0.13 0.03 0.09
t 521 7 -1.13 0.97 -0.37 -0.65 0.11 0.39
AR? 014 ™
LR 1.74

U4 B 0.53 -0.52 0.23 0.05 0.07 -0.17 0.13
t 351 77 202 ° 0.42 0.20 0.33 -0.87 0.70
AR? 020 ™
LR 7.03

10-year maturity

U1 Y 0.57 0.02 0.09 -0.17 -0.03 -0.15 0.15
t 714 77 0.18 0.47 -0.80 -0.19 -0.82 0.87
AR? 029 ™
LR 2.86

U4 Y 0.61 -0.11 0.09 0.10 0.15 -0.35 0.12
t 567 77 -0.66 0.24 0.54 1.12 236 7 0.81
AR? 033 ™
LR 8.41

Five-year maturity

U1 B 0.44 0.04 0.04 0.02 -0.04 -0.17 0.10
t 6.75 0.42 0.37 0.17 -0.40 -1.40 0.75
AR? 033 ™
LR 5.43

U4 B 0.50 0.02 0.16 0.12 0.03 -0.29 0.04
t 6.54 0.21 0.77 1.01 0.39 289 7 0.38
AR? 042 ™
LR 13.23 7

One-year maturity

U1 Y 0.23 0.01 0.04 0.05 -0.01 -0.07 0.05
t 754 " 0.59 1.73 1.54 -0.23 272 7 1.04
AR? 050 ™
LR 2272 77

U4 Y 0.23 0.01 0.16 0.08 -0.02 -0.06 0.02
t 8.14 ™ 0.32 327 7 304 7 -1.00 -1.48 0.74
AR? 057 ™
LR 39.53

*** ** and * indicate statistical significance at the 1%, 5% and 10% level based on a bootstrap.
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Table 11
Granger causality tests

The table reports F-statistics for the hypothesis that bond volatility does not Granger cause TBILL uncer-
tainty and vice versa. The F-statistics are based on bivariate first-order VARs.

Maturity: 30 year 10 year 5 year 1 year

Bond volatility does not Granger cause TBILL uncertainty

Ul 1.81 1.85 0.19 3.31
U4 1.37 2.60 1.78 0.08

TBILL uncertainty does not Granger cause bond volatility

Ul 7.05 19.05 ™ 2092 7 6126 7
U4 3.27 1229 ™ 13.02 ™ 1353

*** **and * indicate statistical significance at the 1%, 5% and 10% level based on a bootstrap.
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