
Vol.:(0123456789)

Review of Derivatives Research (2022) 25:93–107
https://doi.org/10.1007/s11147-021-09182-8

1 3

Economic policy uncertainty and volatility of treasury 
futures

Maojun Zhang1  · Yang Zhao1 · Jiangxia Nan1

Accepted: 9 July 2021 / Published online: 3 September 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 
2021

Abstract
This paper investigates the relation between Treasury futures market volatility and 
economic policy uncertainty using GARCH-MIDAS. We formulated models with 
the realized volatility of Treasury futures, the level and volatility of economic policy 
uncertainty. We find that the realized volatility of Treasury futures and economic 
policy uncertainty play a significant role in the dynamics of long-run volatility in 
Treasury futures markets in China and United States.

Keywords Economic policy uncertainty · Treasury futures · Volatility · Mixed 
frequency regression

1 Introduction

A well-functioning government Treasury market is the linchpin for the development 
of any capital market, and sovereign bonds are used as a risk-free benchmark for 
other fixed income securities. Chinese government bonds account for about 20 per-
cent of the domestic bond market, with maturities ranging from 3 months to 50 
years. By the end of 2020, the issued bonds worth 104.32 trillion Yuan, up 19.38% 
year-on-year, where the government issued bond is 45.6 trillion Yuan. The China 
Financial Futures Exchange launched 5-year Treasury futures in September 2013, 
10-year Treasury futures in March 2015, and 2-year Treasury futures in August 
2018, providing diversified tools for managing interest rate risks. All three products 
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are physically settled, and each has a set of bonds (a basket) used for settlement with 
specified coupon rates and deliverable maturities. The deliverable bonds for 5-year 
Treasury futures are book-entry interest-bearing Treasury bonds with an original 
maturity of no more than 7 years and a remaining maturity of 4 years to 5.25 years 
upon the first day of the expiry month. Ten-year Treasury futures have an original 
maturity of no more than 10 years and a remaining maturity of no less than 6.5 years 
upon the first day of the expiry month. Two-year Treasury futures have an original 
maturity of no more than 5 years and a remaining maturity of 1.5 years to 2.25 years 
upon the first day of the expiry month. According to the data from China Financial 
Futures Exchange, the scale of Treasury futures has grown rapidly since 2013. The 
total value of the Treasury futures at the end of 2019 is 147593 billion Yuan, which 
is 40.64 times of 3.632 billion Yuan at the end of 2013. However, compared with the 
size of Treasury bonds in the spot market, the Treasury futures market is still very 
small.

The price discovery function of Treasury futures can effectively predict the rea-
sonable price of Treasury bond (Brandt et al., 2007; Man et al., 2013). In addition, 
Treasury futures can hedge Treasury spot price risk. The volatility of Treasury 
futures price is an important factor in Treasury pricing and risk management (Cox 
and Mitchell, 1993). It is influenced by macroeconomic factors such as GDP, PPI, 
CPI and employment rate. For example, Ederington and Lee (1993) analyzed the 
impact of macroeconomics on the high-frequency volatility of long-term Treasury 
futures, and Shi et al. (2009) analyzed the impact of macroeconomics on the volatil-
ity of Japanese government bond futures. Further, Orlowski (2015) found that elec-
tronic trading mechanism significantly reduced the price volatility of US Treasury 
futures. Park et  al. (2017) analyzed the impact of foreign investors’ participation 
on the price volatility of Korean Treasury futures. Therefore, the price volatility of 
Treasury futures is affected by the economic policy and trading mechanism among 
other factors.

The impact of policy risk on the market is growing and economic policy deci-
sions influence economic activity. Uncertainty pertaining to economic policy deci-
sions, regardless of its origin (whether from fiscal or monetary policy decisions), 
will discourage investor confidence and firms from investing, and thus, have a pro-
found impact on bond markets. Many prior studies emphasize the importance of 
uncertainty in economic policy. Baker et al. (2016) constructed an economic policy 
uncertainty (abbreviated as EPU) index to measure the uncertainty related to mon-
etary, fiscal, and other relevant policies; the study showed that the EPU index influ-
ences the intensity of the business cycle and investment. Many scholars began to use 
the index to measure economic policy uncertainty and study its impact on the stock 
market, enterprise investment and other microeconomic phenomena. For example, 
Jonathan and Andrew (2015) studied the impact of economic policy uncertainty on 
the stock markets of the US. Gulen and Ion (2016) analyzed the impact of economic 
policy uncertainty in the United States on the investment of American enterprises.

Moreover, the uncertainty of economic policy is the leading mechanism of mac-
roeconomic changes, which can describe the changes of monetary policy, fiscal pol-
icy, issuance, supervision, trading and so on. EPU refers to the fact that economic 
entities cannot accurately predict whether, when, and how the government will 
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change the current economic policies Baker et al. (2016). It has been widely recog-
nized that EPU has a significant impact on the bond market in the US (Wisniewski 
and Lambe, 2015; Fang et al.,2017). In the process of arbitrage trading of Treasury 
futures, information and capital are interactively transferred between the futures and 
the spot market, and jointly affect the return and risk of Treasury futures and spot 
market. The characteristics of the information transmission between the U.S. Treas-
ury futures and spot markets in different periods are found (Hung and Zhang 1995; 
Brandt and Kavajecz, 2004 and 2007; Mizrach and Neely, 2008). Since Regulators’ 
supervision of Treasury futures market and investors’ prediction of Treasury futures 
prices are highly dependent on the economic policies of the government, the uncer-
tainty of economic policies is an important source of the uncertainty of the exter-
nal environment of Treasury futures. The academic research on the measurement 
and influence of the uncertainty of the economic policy are in the ascendant, which 
provides a valuable reference for the study of the impact of economic policy uncer-
tainty on the price volatility of Treasury futures.

The ARCH and GARCH models proposed by Engle (1982) and Bollerslev (1986) 
are effective methods to depict the volatility of Treasury futures. Engle and Ran-
gel (2008) proposed the Spline-GARCH model with multi-component structure and 
stated that the inflation rate and the short-term yield rate were the main drivers of 
the stock market volatility. These volatility models are only applicable to the same 
frequency explanatory variables and cannot handle the case of different frequency 
explanatory variables. For this reason, Engle et al. (2013), combined with the mixed 
frequency data sampling (MIDAS) technique proposed by Ghysels et  al. (2006, 
2007) established the GARCH-MIDAS model, which divided the daily volatility of 
assets into the product of the long-term and the short-term components. The short-
term component is a GARCH model, and the long-term one can be characterized by 
the low-frequency macroeconomic variable or the actual volatility. The GARCH-
MIDAS model mainly has the following advantages: First, data of different fre-
quencies can be added to the model for analysis to minimize the information loss of 
high-frequency data in the frequency reduction process, and reduce the noise impact 
carried by high-frequency data as well as avoid the problem of too many param-
eters in the high-frequency data processing. Second, when the return and volatility 
of low-frequency macroeconomic factors are used as explanatory variables, whether 
they are stable or not, can be ignored. Thirdly, the measurement of daily volatility 
with long-term components can not only fully extract information of low-frequency 
data but also filter the influence of intraday instant information (short-term compo-
nents), which means that the mixed frequency fluctuation model can describe the 
long-term and short-term fluctuation characteristics of Treasury futures price in a 
more detail.

In addition, from the perspective of data analysis, the data of EPU is monthly 
while that of Treasury futures is daily. As the GARCH-MIDAS model is an effi-
cient tool in dealing with mixing volatility model, this paper constructs a GARCH-
MIDAS model to investigate the impact of economic policy uncertainty on the 
volatility of Treasury futures in the United States and China. The realized volatil-
ity of Treasury futures, the level and volatility of EPU are three explanatory fac-
tors. The main contribution and innovation of this paper are as follows. We use a 
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GARCH-MIDAS approach to link economic policy uncertainty to the long-term 
component of volatility in the Treasury futures market. We also find the long-run 
volatility of Treasury futures market is positively correlated with the past realized 
volatility of Treasury futures, the change and volatility of EPU. It implies that the 
past realized volatility and EPU play a key role in the dynamics of long-run volatil-
ity in Treasury futures markets.

The rest of the paper is organized as follows. Section 2 describes the GARCH-
MIDAS models for Treasury futures and EPU. Section 3 shows the data and its basic 
statistical description. Section 4 discusses the empirical findings and further analy-
sis. We conclude in Section 5.

2  GARCH‑MIDAS model

The GARCH-MIDAS model not only takes low-frequency variables as explanatory 
factors but also distinguish short-run from long-run volatility. The short-term com-
ponent is a mean reversion while the long-term component is composed of the real-
ized volatility of Treasury futures or EPU weighted by MIDAS polynomials. This 
section briefly reviews GARCH-MIDAS models proposed by Engle et al. (2013).

2.1  Models with realized volatility of treasury futures

We consider a return of Treasury futures for day i in month t with Nt days, which 
may vary with the time and is written as

where �it||Φi−1,t ∼ N(0, 1) with Φi−1,t is the information set up to day ( i − 1 ) of month 
t , N(0, 1) is the standard normal distribution function and � = Ei−1,t(rit) represents 
the conditional mean of the return rit . The �t and git represent long-term and short-
term component of the conditional variance of the return rit , respectively. Moreo-
ver, denote ht = Var(rit) be the conditional variance of the return rit , which satisfies 
ht = git × �t . Assume that volatility dynamics of the short-term component git is a 
daily GARCH (1, 1) process (see Engle et al. (2013)):

where � and � are parameters satisfying 𝛼 + 𝛽 < 1.
Furthermore, consider monthly realized volatility of the return rit , denoted by RVt 

at month t for the fixed time span case as follows

(1)rit = � +
√
�t × git�it,∀i = 1, 2,⋯ ,Nt

(2)git = (1 − � − �) + �
(ri−1,t − �)2

�t
+ �gi−1,t

(3)RVt =

Nt∑

i=1

r2
it
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Next, we consider a rolling window specification for the MIDAS filter. Namely, we 
remove the restriction that �t is fixed for month t, which makes τ and g both change at 
the daily frequency. So, the realized volatility of the return for a rolling window can be 
defined as

where r
t−i

 indicate that we roll back the days across various periods t without keep 
track of it. When N�=22 , we call it monthly rolling window RV.

We also consider the log version of long-term component �t for the fixed time span 
case, which can be expressed as

where m and � are parameters, K represents the maximum lag order of realized vola-
tility RVt−k . And let �k(�1,�2) be a weight Beta function, denoted by

where �1 and �2 are the variables of the weight function. And its rolling sample 
counterpart is defined similarly.

The Eqs. (1), (2), (3), (4), (5) and (6) constitute the GARCH-MIDAS model based 
on the realized volatility. when � is positive, it means that the realized volatility is posi-
tively correlated with the long-term component of Treasury futures volatility. When � is 
negative, it means that the realized volatility is negatively correlated with the long-term 
component of Treasury futures volatility. The class of GARCH-MIDAS models involv-
ing realized volatility were based on one-sided MIDAS filters.

In order to estimate volatility of monthly economic policy uncertainty series, we fol-
low the approach taken by Schwert (1989) to fit the autoregressive model to estimate 
the monthly volatility of EPU. The autoregressive model AR (12) of EPU is presented 
below

where the lag 12 is used to indicate the monthly data of EPU. The square of the 
residual term of AR (12) is used as the volatility of EPU, which reason is come from 
the Engle et al. (2013) who use the square of the residual term to estimate macro-
economic volatility.

(4)RV
(rw)
t =

N�
t∑

i=1

r2
t−i

(5)log �t = m + �

K∑

k=1

�k(�1,�2)RVt−k

(6)
�k(�1,�2) =

(k∕K)�1−1(1 − k∕K)�2−1

K∑

k=1

(k∕K)�1−1(1 − k∕K)�2−1

(7)EPU
y

v,t=�+

12∑

j = 1

�jEPU
y

v,t - j
+ �t
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2.2  Models with economic policy uncertainty

In this section, we turn to GARCH-MIDAS models with one-sided filters, involving 
EPU variable. If a level value of the economic policy uncertainty EPU is used as a 
factor of the log long-term component, which is expressed as

where EPUy

l,t
 is a level value, ml is a parameter and Kl represents the maximum lag 

order of the level value. When � is positive, it means that the level value of the EPU 
is positively correlated with the long-term component of Treasury futures volatility. 
When � is negative, it means that the level value of the EPU is negatively correlated 
with the long-term component of Treasury futures volatility. If the volatility of EPU 
is used as a factor of the log long-term component:

where EPUy

v,t−k
 is a volatility of EPU, mv is the parameter and Kv represents the max-

imum lag order of the volatility. When � is positive, it indicates that the volatility of 
economic policy uncertainty is positively correlated with the long-term component 
of Treasury futures volatility. When � is negative, it indicates that the volatility of 
EPU is negatively correlated with the long-term component of Treasury futures.

We also consider a model that combines the level and volatility of EPU:

How much the expected volatility of Treasury futures can be explained by EPU? 
To answer this question we use the variance ratios below

where M refers to a specific model: GARCH-MIDAS with rolling window RV, with 
fixed span RV, with level and variance.

3  Data

We now obtain daily prices of 5-year Treasury futures with an underlying Treas-
ury with 5 -year maturity in China, denoted by C5TF, and daily prices of 10-year 
Treasury futures with an underlying Treasury of 10-year maturity in United 
States, denoted by US10TF. The data are from the Wind dataset. To measure the 

(8)log �t = ml + �

Kl∑

k=1

�k(�1,�2)EPU
y

l,t−k

(9)log �t = mv + �

Kv∑

k=1

�k(�1,�2)EPU
y

v,t−k

(10)log �t = mlv + �l

Kl∑

k=1

�k(�1,l,�2,l)EPU
y

l,t−k
+ �v

Kv∑

k=1

�k(�1,v,�2,v)EPU
y

v,t−k

(11)
Var(log(�

[M]
t )

Var(log(�
[M]
t g

[M]
t )
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uncertainty of economic policy, we use the EPU index constructed by Baker et al. 
(2016). We also use the monthly U.S. economic policy uncertainty (USEPU) 
index and monthly Chinese economic policy uncertainty (CEPU). The sample 
range is from September 2013 to March 2021 including COVID-19 late periods.

Figure 1 shows the trend of EPU and Treasury futures for C5TF in above panel 
and US10TF in below panel, respectively. Roughly, EPU and Treasury futures 
tend to move in the same direction, especially since late 2019 when the COVID-
19 broke out and the EPU is rapidly increasing. According to this figure we see 
that, in general, an increase (decrease) in economic policy uncertainty leads to a 
very short-up (drop) in the price of Treasury futures.

Table 1 provides the summary statistics of the daily log return and realized vola-
tility of Treasury futures, the level and volatility of EPU in China and United States, 
respectively. To appreciate the time series pattern of the series which enter our mod-
els, Figure 2 shows plots of the level and realized variance of CEPU and USEPU 
used in the GARCH-MIDAS specification. As far as the levels and realized vari-
ance go, we note remarkable changes across time and a few times under the issue 
of structural breaks. The former shows economic policy uncertainty level variables 
with structural breakpoints around 2015 for CEPU and 2017 for USEPU, whereas 
the latter shows economic policy uncertainty volatility variables with remarkable 
changes around 2016 for CEPU and 2017 for USEPU.

4  Empirical analysis

According to the GARCH-MIDAS models in Section 2, we analyze the parameter 
estimates obtained by The MIDASv2.3 package of MATLAB software.

Table 1  Summary statistics for variables

These variables are the daily return and realized variance of Treasury futures, monthly level and volatil-
ity of economic policy uncertainty. The sample covers from September 2013 to March 2021

Variable Sample Mean SD Max Min Skewness Kurtosis

5-year Treasury Futures of China
Return 1906 0.003 0.21 1.94 −1.35 0.32 11.17
RV 90 0.88 0.97 5.20 0.06 2.32 8.84
Level 90 0.08 0.40 1.47 −0.57 0.83 4.22
Volatility 90 0.13 0.21 1.07 0.00 2.84 11.35
10-year Treasury Futures of U.S.
Return 1906 0.003 0.30 1.62 −1.83 −0.11 6.15
RV 90 1.83 1.92 17.04 0.30 5.85 45.63
Level 90 0.058 0.35 1.43 −0.60 1.33 6.29
Volatility 90 0.103 0.23 1.49 0.00 4.79 26.81
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4.1  Estimation of GARCH‑MIDAS with realized variance

As was mentioned in the previous section, there are two variations of GARCH-
MIDAS models with RV: GARCH-MIDAS with fixed span in Eqs. (3) and (5), 
rolling window RV in Eqs. (4) and (5). In case of fixed span RV, t in Eq. (3) 
can be a month. On the other hand, for the rolling window RV, we can change 
N′ in Eq. (4). Finally, in each case we have parameter estimates in Table  2 for 
C5TF and US10TF by the log-likelihood function given by (Engle et al. 2013). 
The most interesting parameters are the slope parameters � shown in the first six 
columns of Table 2. The results in the table show that almost all parameters are 
significant. Most of all for most of them, the slope � is strongly significant and 
positive. This means that the realized volatility of Treasury futures is positively 
correlated with the long-term volatility component of Treasury futures for C5TF 
and US10TF.

Figure 3 shows the volatility components of GARCH-MIDAS with fixed span 
RV and rolling window RV, respectively. We notice that these conditional volatil-
ity and secular components clearly follow a similar trend, while the long-term 
component is much smoother.

4.2  Estimation of GARCH‑MIDAS with economic policy uncertainty

In this subsection we start with the GARCH-MIDAS models involving either the 
level in Eq. (8) or volatility in Eq. (9) of EPU. We focus first on the one-sided fil-
ters. The parameter estimates appear in Table 3 for C5TF and US10TF. The most 
interesting parameter is the slope parameters for level/volatility specifications of 
the MIDAS filter. Consider first the parameter estimates for level of CEPU. The 
parameter estimate is 2.85 with a t-statistic of 2.92. We find that a one percent 

Table 2  Parameter estimates of GARCH-MIDAS with realized variance

GARCH-MIDAS models with the fixed realized variance in Eq. (3) and the rolling realized variance in 
Eq. (4) are fitted via Log-likelihood function. The model specification has different interpretations for 
GARCH-MIDAS model with fixed span RV and the one with rolling window RV. The ω in the table is 
ω 2 as the optimal ω 1 in Eq. (6) is 1 such that the optimal weights are monotonically decreasing over the 
lags. LLF is the optimal log-likelihood function value. The numbers in the parenthesis are t-stats com-
puted with HAC standard errors
The *** indicates significance at 1% level

Treasury futures Regressor µ α β θ ω m LLF

C5TF Fixed RV 2.74 0.07*** 0.93*** 0.10*** 4.99*** 0.01 429.97
(0.96) (13.39) (204.80) (13.53) (4.58) (0.34)

Rolling RV 2.84 0.05*** 0.90*** 0.10*** 5.00*** 0.01*** 259.18
(1.48) (20.00) (222.450) (25.44) (6.94) (0.79)

US10TF Fixed RV 0.86 0.07*** 0.93*** 0.10*** 4.98*** 0.01 −296.15
(0.18) (12.72) (164.62) (5.55) (3.94) (0.08)

Rolling RV 1.32 0.07*** 0.93*** 0.10*** 4.99*** 0.01 −285.48
(0.28) (11.99) (157.59) (5.32) (3.33) (0.06)
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increase of change in CEPU would increase the long-term component of the Chi-
nese Treasury futures market volatility. Of course, there is a similar positive rela-
tion between the level of USEPU and Treasury futures market volatility in United 
States. Next, we can turn to the lower panel of Table 3, which covers the volatility 
of EPU. We find that the volatility of EPU has a significant positive impact on the 
long-term volatility of the Chinese Treasury futures market and the United States 
Treasury futures market.

It is also worth examining some plots of sample paths. Figure 4 presents time-
series plot of volatility components of the one-sided EPU GARCH-MIDAS 
models with level/volatility for C5TF and US10TF. We can see that the condi-
tional volatility and secular components clearly follow a similar trend for either 
level or volatility for C5TF or US10TF. We also notice that there are significant 
deviations between the conditional volatility and long-term components of C5TF 
after abound 2016, which cause the goodness of fit of the GARCH-MIDAS-EPU 
model to be poor.

The parameter estimates of the model which combines level and volatility of eco-
nomic policy uncertainty, namely models described by Eq. (10) appear in Table 4. 
In Chinese and United States cases we observe that slope parameters of level and 
variance are over 0.02 at the statistical significance of 10% level. This suggests that 
there is an evidence of co-linearity between the long-term volatility of Treasury 
futures and the combined level/volatility of economic policy uncertainty.

4.3  Measuring the contribution of EPU

We now consider the contribution of EPU to the long-term volatility of Treasury 
futures using the variance ratio in Eq. (11). The variance ratio results appear in 
Table 5, where we cover GARCH-MIDAS with rolling window RV, with fixed 
span RV, and with level and volatility of EPU. The sample estimates of Chi-
nese 5-year Treasury futures tell us that the GARCH-MIDAS model with roll-
ing RV has the most important long run component contribution–over 65%, that 
of United States 10-year Treasury futures with fixed span RV is 42.1%. Among 
the models involving EPU series we observe that the level model contributes 
to more than 17% to the total volatility in the Chinese samples or United States 
samples. While the variance model contributes to over 15% to the total volatil-
ity in United States samples, which is more than that of the Chinese samples, 
i.e.1.41%. If we combine level and variance of EPU into one model, it is sur-
prising that we see the largest contribution–over 44 % and over 22% for Chines 
Treasury futures and United States, respectively. The results show that the 
combing level and variance of EPU is clearly a great source of Treasury futures 
volatility.
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5  Conclusion

In this paper, we investigate how EPU influences the long-term volatility of 
Treasury futures market by employing the GARCH-MIDAS models proposed 
by Engle et  al. (2013). We consider the Chinese 5-year Treasury futures and 
US 10-year Treasury futures using two different EPU indexes from Baker et al. 
(2016). The main empirical findings of the current study can be summarized 
as follows. First, there are significant causal-flows from EPU to the Treasury 
futures volatilities over the entire sample period from September 2013 to March 
2021 including COVID-19 late periods. Second, we find that the economic pol-
icy uncertainty index has a significant positive impact on long-term volatilities 
of Treasury futures. Third, combing level and variance of EPU is clearly a great 
source of Treasury futures volatilities.

This paper contributes to the existing limited literature on the predictive abil-
ity of Treasury futures volatility through economic uncertainty using the novel 
technique of n mixed frequency regression. A probable reason for these results 
is that when economic policies are more uncertain, investors’ effective risk 

Table 3  Parameter Estimates of One-sided GARCH-MIDAS with EPU

GARCH-MIDAS models with the level in Eq. (8) and the volatility Eq. (9) are fitted via Log-likelihood 
function. The corresponding volatility is estimated from Eq. (7). LLF is the optimal log-likelihood func-
tion value. The numbers in the parenthesis are t-stats computed with HAC standard errors
The *** and ** indicates significance at 1% level, 5% level, respectively

Treasury futures Regressor µ α β θ ω m LLF

C5TF Level 3.30 0.05*** 0.94*** 2.85*** 3.93*** −3.27*** 488.79
(0.79) (8.95) (158.99) (2.92) (2.87) (−14.19)

Volatility 3.49 0.06*** 0.94*** 0.45* 49.99 −2.65*** 476.31
(0.83) (11.00) (172.30) (1.83) (0.09) (−11.42)

US10TF Level 0.06 0.09*** 0.85*** 0.77*** 29.61 −2.55*** −213.24
(0.01) (6.64) (36.40) (3.32) (0.74) (0.74)

Volatility 0.20 0.10*** 0.84*** 0.96** 49.98 −2.59*** −214.12
(0.03) (6.81) (37.13) (2.51) (0.13) (−29.49)

Table 4  Parameter estimates of GARCH-MIDAS with level and volatility combined

GARCH-MIDAS models with level and volatility combined in Eq. (10) are fitted via Log-likelihood 
function. LLF is the optimal log-likelihood function value. The numbers in the parenthesis are t-stats 
computed with HAC standard errors
The ***, ** and * indicates significance at 1% level, 5% level and 10% level, respectively

Treasury futures µ α β θl θv ωv ωl m LLF

C5TF −4.96* 0.13*** 0.87*** 0.03*** 0.02* 11.74*** 9.55 −4.29*** 398.61
(−1.87) (29.04) (200.07) (7.21) (1.78) (6.50) (1.32) (−24.11)

US10TF 0.05 0.09*** 0.85*** 0.04* 0.09* 35.17 23.19 0.07*** −212.07
(0.01) (6.58) (37.25) (1.64) (1.66) (0.32) (0.69) (10.08)
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aversion increase. There is a“flight-to-quality effect”. The results infer that EPU 
better predict the volatility of Treasury futures markets and thus have important 
implications for asset pricing and investment risk management decisions.

Appendix

See Fig. 1
These figures show the index of economic policy uncertainty and the price of 

Treasury futures. CEPU and USEPU represent economic policy uncertainty in 
China and economic policy uncertainty in United States, respectively.

Table 5  Summary table for 
variance ratios

The variance ratios is calculated by the Eq. (11) for GARCH-
MIDAS with rolling window RV, with fixed span RV, with level and 
variance of the EPU. GARCH-MIDAS models with level and vol-
atility combined in Eq. (10) are fitted via Log-likelihood function. 
LLF is the optimal log-likelihood function value. The numbers in the 
parenthesis are t-stats computed with HAC standard errors
The ***, ** and * indicates significance at 1% level, 5% level and 
10% level, respectively

Model C5TF (%) US10TF (%)

GM with fix span RV 56.72 43.00
GM with rolling window RV 65.53 42.10
GM with EPU
EPU level 17.42 17.91
EPU variance 1.41 15.85
EPU level +variance 44.69 22.24

Fig. 1  Economic policy uncertainty and treasury futures
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See Fig. 2
These figures show the level and realized variance of economic policy uncer-

tainty. The growth rate and volatility represent the level and realized variance
of economic policy uncertainty, respectively.
See Fig. 3
The figure shows the estimated conditional volatility and its long run compo-

nent of GARCH-MIDAS model with fixed RV and rolling window for C5TF and 
US10TF. The corresponding parameter estimates are shown in Table 2.

Fig. 3  GARCH-MIDAS with fixed span rv and rolling window RV

Fig. 2  Economic policy uncertainty level variables and realized volatility
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See Fig. 4
The figure pertains the one-sided EPU level/volatility GARCH-MIDAS mod-

els for the conditional volatility and its long run component. The corresponding 

Fig. 4  GARCH-MIDAS with the level/volatility

Fig. 5  GARCH-MIDAS with the level and volatility combined
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parameter estimates are shown in Table 4. The panel contains the time series paths 
of � and g ∗ � . They are all shown in standard deviation and annualized scale.

See Fig. 5
The figure pertains the one-sided EPU level and volatility combined GARCH-

MIDAS models for the conditional volatility and its long run component. The cor-
responding parameter estimates are shown in Table 4. The panel contains the time 
series paths of � and g ∗ � . They are all shown in standard deviation and annualized 
scale.
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