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The interest rate derivatives market is an important force in promoting the development of
the bond market and is an effective tool to manage interest rate risk. The research on price
discovery and volatility spillover of the market can help provide valuable reference infor-
mation for investors. Based on treasury bond futures and interest rate swaps, the paper aims
to discuss the price discovery function and spillover structure of the interest rate derivatives
market. The paper establishes the information share model and spillover index model for
empirical analysis. The results show that: First, the calculation results of the information
share model show that the price discovery of treasury bond futures and interest rate swap
markets is stronger than that of the spot market. Second, based on structural break analysis,
treasury bond futures and interest rate swaps do not have breakpoints, while the treasury
bond spot has three breakpoints. The paper divides the entire sample into four stages based
on structural breakpoints and finds that the price discovery ability of the interest rate deri-
vative market dynamically changed. Third, as a net spillover in the market, treasury bond
futures have developed relatively stable. Both treasury bond futures and interest rate swaps
have spillover effects on the spot market, indicating that China's interest rate derivatives
market can impact the treasury bond spot market.
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Introduction

he interest rate derivatives market is an important force

that promotes the development of the bond market. The

interest rate derivatives market contributes to forming
benchmark interest rates in the financial market and makes risk-
free interest rate pricing more effective. With the continuous
deepening of interest rate marketization, China’s interest rate
derivatives market has developed rapidly, and businesses such as
interest rate swaps, forward interest rates, bond forwards, and
interest rate options have been launched. Currently, China’s
interest rate derivatives market includes the floor market domi-
nated by treasury bond futures and the over-the-counter market
dominated by interest rate swaps. As an important tool for
hedging interest rate risk, investors’ demand for interest rate
derivatives continuously increases (Liu et al 2020a).! As an
emerging market, it is worth studying whether China’s interest
rate derivatives have played an effective role and whether they can
provide channels for investors to hedge risks. As the core function
of the financial market, price discovery refers to the process of
impounding new information into the security prices (Shrestha
et al. 2023). An effective price discovery mechanism is a key
factor in developing the derivatives market, which helps traders
make scientific investment decisions (Karabiyik et al. 2018). The
analysis of volatility spillover structure between markets can
provide a theoretical basis for asset pricing and investment
portfolios (Zhang et al. 2020). So, this paper aims to research the
price discovery and volatility spillover of the interest rate deri-
vatives market, which helps to measure the price discovery effi-
ciency and spillover structure of the market.

Based on this, China’s interest rate derivatives market is
chosen as the research object. China’s interest rate derivatives
market is still in its infancy. Studying its development situation
can help provide experience for interest rate derivatives markets
in other emerging countries. From the price discovery and
volatility spillover perspective, this paper chooses the most
mainstream products in China’s interest rate derivatives market,
treasury bond futures and interest rate swaps, and conducts
empirical research on the interest rate derivatives market by
establishing information share (IS) model and Diebold and Yil-
maz (DY) spillover index model. This paper mainly analyzes
whether the treasury bond futures and interest rate swap markets
effectively perform the price discovery function. Which can help
scientifically evaluate the price discovery efficiency of China’s
interest rate derivative market. The study of volatility spillover
structure can help to further understand the dynamic relation-
ships among markets. In addition, it can provide a more theo-
retical basis for investment decision-making and promote the
better development of the interest rate market. Therefore, the
main contributions of this paper are presented in the following
aspects: First, starting from the treasury bond futures, interest
rate swaps, and treasury bond spot markets, this paper estab-
lishes an information share model to study the price discovery
function of the interest rate derivatives market, which enriches
the relevant literature. Secondly, this article uses the spillover
index model to explore the volatility spillover structure of the
interest rate derivative market. Static and dynamic spillover
structure analysis helps to further understand the information
transmission mechanism between markets. The research in this
paper contributes to a more comprehensive understanding of the
price discovery efficiency and volatility spillover of China’s
interest rate derivative market.

The remainder of this paper is structured as follows: Section 2
is a literature review, and Section 3 describes the utilized data and
implemented methodology. Section 4 shows the empirical results.
Section 5 concludes the research and suggests some policy
implications.

2

Literature review

The transaction cost hypothesis suggests that the market with the
lowest transaction cost has sufficient liquidity and investors,
which can first reflect new information (Xuan et al. 2020). Alex
and Michael’s research confirmed that the lead-lag relationship
between interest rate swap and treasury bond futures market was
affected by transaction costs, and the market with lower trans-
action costs could dominate the price discovery process (Frino
and Garcia, 2018). In theory, the futures market has a cost
advantage; an effectively functioning futures market can lead the
spot market in price discovery (Chen and Tongurai, 2023; Fassas
and Siriopoulos, 2018). Most studies have confirmed that the
treasury bond futures market is leading in price discovery, with
most showing that the price of treasury bond futures can lead to
the spot price. Park et al. (2017) examined the impact of foreign
participation in KTB futures and its role in price discovery (Park
et al. 2017). Ivan et al. (2019) examined price discovery in
sequential markets for the 10-year US treasury note, German
bund, and UK Gilt futures over the period 2010-2017 (Ivan et al.
2019). They found that price discovery increased after the
opening of the US stock market. Ruan et al. (2021) used multi-
fractal detrended cross-correlation analysis (MF-DCCA) methods
for research and found that there is a continuous correlation
between the 10-year US treasury bond spot and futures, while
there is no significant correlation between the 5-year treasury
bond futures and spot (Ruan et al. 2021). Regarding interest rate
swaps, some scholars carried out research from the aspect of
pricing (Liang and Zou, 2020; Nopporn and Sanae, 2021; Wang
and Huang, 2019).

Studying the spillover effects between markets can further
understand the characteristics of information transmission and
risk contagion (Zhang et al. 2022). Different scholars use different
methods to discuss the volatility spillovers between markets. Lu
et al. (2019) used a flexible bivariate heterogeneous autoregressive
model to identify short-, mid-, and long-term spillover effects (Lu
et al. 2019). Mata et al. (2021) employed the exponential gen-
eralized autoregressive conditional heteroscedasticity (EGARCH)
technique to develop the volatility spillover effect among pan-
Asian countries (Mata et al. 2021). Elgammal et al. (2021)
undertook their analysis within a bivariate GARCH (p, q) fra-
mework (Elgammal et al. 2021). Liu et al. (2020a, 2020b) used
non-linear methods of Granger causality to test the mean spil-
lover relationship between European Union Allowances (EUA)
spot and futures markets and analyzed volatility spillovers
between them by the non-linear time-varying parameter-vector
autoregressive model (TVP-VAR) spillover index (Liu et al
2020b). Lee and Yoon (2020) employed the vector autoregressive-
generalized autoregressive conditional heteroscedasticity (VAR-
GARCH) model with the Baba, Engle, Kraft, and Krone (BEKK)
specification to discuss dynamic volatility spillovers between
carbon and traditional fossil energy market (Lee and Yoon, 2020).
In order to better explore the directional and dynamic spillovers
between markets, Diebold and Yilmaz proposed a spillover index
model (DY spillover index), which can better measure spillover
relationships in different markets (Chen et al. 2023a). Guo and
Tanaka (2022) used the DY spillover index model to analyze the
relationship between the energy and food markets (Guo and
Tanaka, 2022).

While there is less research on the combination of treasury
bond futures, spot, and interest rate swap market, based on the
theory of information overflow, Liu et al. (2021) studied the
influence of the government bonds spots, government bonds
futures, and interest rate swap market in China’s interest rate
market from the perspective of fluctuation overflow (Liu et al.
2021). Sharma and Chotia (2019) investigated the efficiency of the
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Fig. 1 Logarithmic price series. The left ordinate is the logarithmic price of
treasury bond futures and spot, the right ordinate is the logarithmic price of
interest rate swaps.

interest rate derivatives market by assessing its contribution to the
price discovery process using spot and futures prices (Sharma and
Chotia, 2019). Zhang et al. (2019) studied the price discovery
mechanism using the Granger causality test, information share
model and vector autoregressive model based on the three mar-
kets of treasury bond futures, spot, and interest rate swap (Zhang
et al. 2019).

Existing literature has more studies on the price discovery of
treasury bond futures but few on the analysis of the interest rate
swap and interest rate derivatives markets and the spillover effect
of volatility between derivatives markets. Therefore, this paper
takes the Chinese interest rate derivatives market as the research
object to study the relationship between price discovery and
volatility spillover. Based on the analysis of the above literature,
this paper proposes the hypothesis that the interest rate deriva-
tives market can guide the spot market to conduct price dis-
covery, and there is a volatility spillover effect between the
markets.

Methods

Data. Spot price is the price reached by the buyer and seller
(Goetz et al. 2021). This paper uses the China Securities index
aggregate bond index to represent the spot price of the inter-bank
and Shanghai and Shenzhen stock Exchange bond markets, which
is compiled by the China Securities Index company. The data is
from the China Securities Index company’s official website*(Mao
et al. 2022). The index comprehensively reflects the trend of price
changes in the inter-bank bond market and the bond market of
the Shanghai and Shenzhen Stock Exchanges and can truly reflect
the actual value and yield characteristics of bonds, so this paper
uses it to represent the spot price. The swap contract linked to the
seven-day repo fixed interest rate (FR007) is the most active in the
interest rate swap market. Therefore, this paper selects the con-
tinuous daily average fixed interest rate data of five-year interest
rate swaps based on FR007 to represent the interest rate swap
market, and the data is from the China Stock Market &
Accounting Research Database (CSMAR) (Chen et al. 2023b; Gao
et al. 2019). Treasury bond futures are an important link to the
interest rate market and a good tool for hedging risks (Liu et al.
2019; Ruan et al. 2021). Correspondingly, this paper selects the
daily closing price of the five-year treasury bond futures (TF)
main contract as the price of treasury bond futures. The data is
from the China Financial Futures Exchange. The period is from
January 4, 2016, to December 31, 2020. After data curation, 1215
groups of data remained. To reduce the heteroscedasticity of time
series, before empirical analysis, we take the natural logarithm of
treasury bond futures price, spot price, and interest rate swap

price, marked as InF, InS, and InIS (Mao et al. 2022). Figure 1
shows the logarithmic time series of the employed price variables.

As shown in Fig. 1, interest rate swaps show a clear V-shaped
trend in 2020. In order to hedge the impact of COVID-19, the
People’s Bank of China increased monetary policy easing from
February to April 2020 and reduced the cost of funds through
measures such as lowering the interest rate of open market
operations. As a result, interbank liquidity was extremely
abundant, money market interest rates accelerated downward,
and the market’s 7-day repo rate fell to around 1.5%, driving the
downward acceleration of swap rates. Hence, the swap rate from
the beginning of 2020 to mid-April decreased unilaterally. After
April, the Covid-19 situation was basically under control. As
market interest rates were far lower than policy rates, open
market operations were suspended, and market liquidity was
gradually consumed, resulting in a rapid rise in interest rates. The
7-day repo rate rose to 2.2%, and the swap rate rose rapidly.
Figure 1 shows that the swap rate from late April to late June 2020
rose rapidly. At the same time, on April 3, 2020, the People’s
Bank of China reduced the deposit reserve ratio by 1 percentage
point and lowered the excess reserve ratio to 0.35%, injecting
liquidity into the market, leading to a rise in the price of treasury
bond futures. Also, in Fig. 1, there was a slight increase in treasury
bond futures and spot in April 2020.

The logarithmic rate of return is obtained by taking the first-
order difference of the logarithmic price series, denoted as RF,
RIS, and RS (Ballestra et al. 2023).

R, = <ln(P,-‘t> - 1n(P1.‘H)) £100%,i=F,S,I5 (1)

Research methods. Regarding price discovery and volatility
spillover, both essentially transmit information between markets.
Most existing literature uses the vector autoregression model,
information share, GARCH, or DY spillover index models for
empirical research. The information share model can calculate the
contribution degree of price discovery, which helps measure the
speed and efficiency of market response to new information
(Chen and Tongurai, 2023). This model is widely used in
studying price discovery (Chen and Tongurai, 2023; Karmakar
and Inani, 2019; Papavassiliou and Kinateder, 2021). The spil-
lover index model can demonstrate the volatility transmission
mechanism between markets. Many scholars used it to explore
the volatility spillover relationship between the stock, energy, or
commodity markets (Sheng et al. 2023; Walid et al. 2020; Zhang
et al. 2022). Therefore, this article uses the two models for
empirical analysis.

Information share model. When closely linked securities are tra-
ded in multiple markets, it is often necessary to determine where
the price discovery occurred. Hasbrouck proposed an information
share model based on a vector error correction (VEC) model,
which can measure the contribution of price discovery in dif-
ferent markets (Fernandez-Perez et al. 2023; Su, 2023). The
contribution ratio of each market is called the information share
of the market. Therefore, this paper adopts the information-
sharing model proposed by Hasbrouck for analysis.

First, the paper establishes a vector error correction model,
which is suitable for analyzing non-stationary time series.

p—1
AY,=afY, |+ X TAY, ,+e,t=12,.... , T ()
i=1

where f'Y,_, is an error correction vector reflecting the long-
term equilibrium relationship between variables. The coefficient
matrix « reflects the speed at which the variable is adjusted to an
equilibrium state. In order to measure the contribution of each
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market to price discovery, Hasbrouck converted the VEC model
into vector moving average (VMA) form and its single integer
form:

AY, = ¥(L)e, (3)
V=Y W) X 6+ W (L @)

where W*(L) is the matrix polynomial of a lag operator. The
condition for the existence of a cointegration relationship requires
that B7W(1) = 0, ¥(1) is the sum of moving average coefficients
in Eq. 3. ¥(l)¢, constitutes the long-term impact of the
innovation item (disturbance item) on the price of each market.
Assuming that y is the common row vector of ¥(1), the Eq. 4 can
be written as:

Y, =Y, + W(é 51‘) 14+ Y (L)e, ©)

where ye, is defined as a common effective price, the variance is
2
o1 P‘712‘72
. . . P01y Tp
When there is no relation between innovation items, Q) is a
diagonal matrix, and the information share of the market i is:

2.2 2.2
IS — yioi _ yio; 6)
= =22 22
oyQy yiot +yies
When there is a relation between innovation items, we need to

use the Cholesky decomposition method to decompose Q. At this
time, the information share of market i is:

IS, = 7( lad i)z (7)

Toyay
M= <m11 0 ) =
My, My

0
- ) , [WM]i is the ith element of the row vector
o)(L—p7)

yQy’. Q is a residual covariance matrix, () =

where QO =MM,

(s
PO,
yM. Cholesky decomposition can give a larger information share
to the first market, so the upper and low limits of information
share can be obtained by changing the order of variables in the
model. The larger the relation between the innovation of markets,
the higher the upper limit and the lower the low limit. The
average of the upper and low limits can be used as a reasonable
estimate of the information shared. According to the IS model,
the upper and low limits of the two markets’ information share
are:

2 2.2 2
IsU — (001 — a,0,p) L _ as01(1 —p?)
U 0262 — 2pa, 0,000, + o202’ 1T oko? — 2paa,0,0, + alo’
201 P X010, 102 201 PR X010, 102
(®)
2 2.2 2
U _ (ay0, — ay0,p) L _ ajo5(1 —p?)
IS; T a2o? — 2pa 0,040 +a2027182_0c202—2 o, 0,0, + alod
201 Px 30,0, 102 201 P& *Xy0,0, 102
©)

Component share model. The paper also used the Component
Share (CS) proposed by Gonzalo and Granger to analyze price
discovery (Fernandez-Perez et al. 2023). The information share
and component share measures adopt cointegration to constrain
multiple price series to share a common efficient price (Gemayel
et al. 2023). CS is calculated based on the vector error correction
model, as shown in Eq. 2. The formula is shown as follows:

* *

,CS, =

0 — o a — (10)

Vector autoregression model. As an econometric model, the vector
autoregression (VAR) model realizes the regression of each time
series to all the time series lag terms (Kang and Lee, 2019). It
overcomes the shortcomings of a single-variable autoregressive
model and is suitable for multiple time series variables. It can
estimate the dynamic relationship of joint endogenous variables.
The VAR model established in this paper is as follows:

RF RF RF .
RS | =¢,| RS + ... .. +¢,| RS + | egs
RIS |, RIS|, RIS|, , | ews
(11
Gryeen ,ng are 3 x 3 dimensional matrices.

Diebold and Yilmaz spillover Index model. The spillover index is a
measure of the sensitivity of a financial market to fluctuations
from other markets. This paper uses Diebold and Yilmaz’s spil-
lover index model to analyze the spillover relationship among
treasury bond futures, treasury bond spot, and interest rate swap
markets. The traditional orthogonal variance decomposition
usually adopts Cholesky decomposition, and its result strictly
depends on the order of variables. When there is a con-
temporaneous relationship between the disturbance items in the
vector autoregressive model, different variables will produce dif-
ferent results (Wu et al. 2023). Diebold and Yilmaz used a gen-
eralized vector autoregressive model proposed by Koop, Pesaran
and Potter and Pesaran and Shin (KPPS) to calculate variance
decomposition that is insensitive to the order of variables (He
et al. 2023). In a broad sense, the model can be expressed as
n-market vector autoregression. The model uses the forecast error
variance decomposition (FEVD) based on VAR to calculate the
overflow index (Ahmad et al. 2018). The FEVD does not depend
on the variable ordering and can intuitively show the spillover
relationship between multiple variables. The model is specified as
follows: let the return and volatility of sample variables be spe-
cified as a VAR process.

First, establish a p-order vector autoregressive model with N
variables:

P
X, = 121 DX, + & (12)
where X, represents the yield vector of treasury bond futures, spot
and interest rate swap market, which is (Rg;, Rg, Rg,)T, @, is the
coefficient matrix, ¢, ~ (0,2_) is a vector of independent and
identically distributed disturbance. The moving average form of
the above stationary model is:

o0
X, =2 A (13)
i=0

Where the NxN coefficient matrices A; are expressed as
Ai=0A  + DA, +... +@,A;_, with A; =1, and with
A;=0fori<0.

Second, to avoid the problem of variable ordering, the
generalized VAR framework of KPPS is used for variance
decomposition. Consider the H-step-ahead forecast error var-
iance, define self-variance share as the share of the H-step forecast
error variance of a variable X; impacted by themselves, and define
cross-variance shares as the share of the H-step forecast error
variance of the variable X; impacted by the variable X;. The latter

is the volatility spillover of market j to market i, which is
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Table 1 Descriptive statistics.
Variable Mean Median Maximum minimum Std.dev. Skewness Kurtosis
InF 4.598369 4.599957 4.655816 4.560539 0.017504 0.12047 2.897855
InIS 1134798 1.098612 1.423108 0.609766 0171723 —0.298344 3.055859
InS 5.22663 5.209814 5342478 5146797 0.062815 0.370464 1576729
RF —0.0000064 0.0000494 0.010934 —0.013715 0.001762 —0.653972 1213423
RIS 0.000067 0.000000 0.058182 —0.113867 0.01M145 —0.692229 15.27594
RS 0.000148 0.000171 0.007277 —0.007302 0.000787 0.279981 20.76528
expressed as:
Hel 5 Table 2 Phillips—Perron test results.
aj]fl > (e;AhZej)
Gg(H) H 1_ JH=1,2,... ... N (14) | variable 1% 5% 10% ADF test value P value
~ , critical critical critical
;Eo(e"AhZAhei) value value value
h =1 is th : 1 of the st d ‘g £ th InF —3.4355 —-2.8637 —25680 1771 0.3952
Where o 1s. the rec1p.roca of the standar dev1at1.0n of the er.ror RF 34355 28637 25680 358885 0.0000
term of the ].-th equation qf the VAR model, ¢; is the selection |5 34355 -28637 —25680 01877 0.9718
vector (the i-th element is 1, the rest are 0), X represents [R5 34355 _28637 _25680 —21.9180*** 0.0000
covariance matrices of ¢,. Since the errors based on the generalized | |ns —3.4355 —2.8637 —25680 —1.5812 0.4919
VAR framework are not orthogonal, the sum of the contributions | RS —3.4355 —2.8637 —25680 —26.9980***  0.0000
of the forecast error variance is not necessarily equal to 1: y — —
. s denotes statistical signifi t the 1% level.
1\11‘9%(1'1)7&1- In order to make better use of the error variance o v e e 2 o
decomposition matrices, the formula after standardization is:
~ Z-j( ) Table 3 Correlation matrix.
() = "y — (15)
J 1 ’](H)
InF InS InlS
N6 N_G(H) =
where ijl lj(H),l > =1 ,j(H) = N. Furthermore, the total |InF 1.0000
spillover index, directional spillover index and net spillover index | InS 0-4640**;* 1.0000 .
can be obtained. Thus, construct the total volatility spillover index | 'S —0.9000 —0.6110 1.0000
based on KPPS variance decomposition: s#x denotes statistical significance at the 1% level.
N
> ) >
. ij=1(i%) ij=1(i%f) (16) The net volatility spillover represents the difference between
$(H) = N _ * 100 = * 100 the volatility spillover from one market to all other markets and
A (H) the volatility shocks received from other markets. And the

I]— Y

The total spillover index can measure the contribution of
spillover between markets to the error variance. The larger the
index, the higher the contribution and the more obvious the
spillover effect between markets.

As mentioned above, the variance decomposition based on the
generalized VAR framework is invariant to variables ordering, so
the directional spillover of market i from other markets can be
calculated as:

> G(H) >

S(H) = “L %100 = G I %100  (17)
3 @)
ij=1

The directional spillover from market i to other markets is:

5 (1) 5 6(H)

SS(H) = L 00=""" 00 a8
o

Then, get the net volatility spillover of market i to other
markets as:

S{(H) = S(H) — S}.(H) (19)

volatility spillover between two markets can be expressed as:

S§(H) = NgfifH) - NgifH) ( (H) — 9g(H)> 100
Py ef’k(H) Py gfk(H)
ik=1 jk=1

(20)

That is, the difference between the volatility spillover from
market i to market j and those overflow from market j to market i.

Empirical results

Descriptive statistics. Table 1 is a summary of the descriptive
statistics. According to Table 1, compared with other variables,
interest rate swap yields fluctuate more; the three groups of yields
all have peak distributions, and the skewness and kurtosis of
treasury bond spot yields are the largest.

After performing descriptive statistics on the data, this paper
adopts the Phillips-Perron (PP) test to check the stability of the
variables (Karmakar and Inani, 2019). The test is a way to find the
root of the unit and explain sequence stationarity in time series data
(Li et al. 2024). According to Table 2, the logarithmic price series of
treasury bond futures, spot and interest rate swaps are unstable. The
yield series obtained after the first-order difference rejects the null
hypothesis at the 1% significance level, so the three series are stable.
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Fig. 2 CUSUM test-treasury bond futures. The figure shows the CUSUM
test results of treasury bond futures with significance not exceeding 5%.
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Fig. 3 CUSUM test-interest rate swap. The figure shows the CUSUM test
results of interest rate swap with significance not exceeding 5%.

A correlation test is also conducted, and Table 3 displays the
outcome.

Structural break analysis. Structural break analysis can be
applied to solve the problems of slope heterogeneity and cross-
sectional dependence (Shao et al. 2021). The paper uses the
cumulative sum (CUSUM) to test the stability of the parameters
(Stauvermann et al. 2018). At the same time, it provides a
foundation for analysing the following text. Compared with the
Chow test, this method doesn’t need to assume the structural
breakpoint in advance. As shown in Figs. 2, 3, the CUSUM test
results of treasury bond futures and interest rate swaps do not
exceed the significance level of 5%, indicating that the time series
of treasury bond futures and interest rate swaps are stable. In Fig.
4, the CUSUM test result of spot treasury bonds exceeds the 5%
critical line, indicating that the parameters are unstable. The
treasury bond spot time series may have a structural break in the
process of fluctuation. Based on this, the paper uses the Bai-
Perron multiple breakpoint test to test the structural breakpoints
of sequences (Cuestas et al. 2024). Compared with other struc-
tural fracture methods, this method has the advantage of
explaining the non-stationarity and cross-sectional dependence
simultaneously and the influence of time dimension on the
structural fracture of each cross-section (Shao et al. 2021). As
shown in Table 4, the results indicate no breakpoint in treasury
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Fig. 4 CUSUM test-treasury bond spot. The figure shows the CUSUM test
results of treasury bond spot with significance exceeding 5%.

Table 4 Structural breakpoint test results.

Break test F-statistic scaled F-statistic critical value**
RF Ovs. 1 2.5393 2.5393 8.5800
RIS Owvs. 1 7.3996 7.3996 8.5800
RS  Ovs. 1* 18.2383 18.2383 8.5800

Tvs. 2* 21.6746 21.6746 10.1300

2 vs. 3* 20.8635 20.8635 11.1400

3vs. 4 5.7236 5.7236 11.8300

*denotes statistical significance at the 5% level. ** denotes Bai-Perron critical value.

bond futures and interest rate swaps, but there are three break-
points in treasury bond spots. The dates corresponding to the
three structural breakpoints are October 25, 2016, January 22,
2018, and April 3, 2022.

Information share model. This paper uses the Johansen coin-
tegration test to analyze the cointegration relationship between
variables (Mishra et al. 2023; Papavassiliou and Kinateder, 2021).
The Johansen cointegration test helps analyze whether the causal
relationship described by the equation belongs to pseudo
regression. If there is a cointegration relationship between vari-
ables, an error correction model can be established (Li and Chau,
2016). As shown in Tables 5, 6, there is a long-term stable
cointegration relationship between the two variables of treasury
bond futures and spot, and the same is true for interest rate swaps
and treasury bond spot.

Based on the long-term equilibrium relationship between the
two variables, this article uses the information share model to
analyze the market’s price discovery ability. Table 7 shows the
calculation results of the full-sample information share model. It
can be seen that the price discovery capability of the treasury
bond futures and interest rate swap markets is higher than that of
the spot market. This shows that the interest rate derivatives
market has a price discovery function.

Based on the structural breakpoints, the paper divides the time
series into four parts and calculates the information shared. Table
8 shows the calculation results. Table 8 shows that the price
discovery ability of treasury bond futures fluctuates and is lower
than that of the treasury bond spot market in the second stage.
The price discovery contribution of interest rate swap is lower
than that of treasury bond spot in the second and fourth periods.
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Table 5 Johansen cointegration test (Trace statistic).

Table 8 Contribution of price discovery at different stages.

Stage Treasury bond Interest rate swap
futures
InF InS InIS InS
2016.1.4-2016.10.25 89.34% 10.66% 73.76% 26.24%
2016.10.26-2018.1.22 15.90% 84.10% 13.18% 86.82%
2018.1.23-2020.4.2 88.88% 11.12% 83.09% 16.91%
2020.4.3-2020.12.31 50.20% 49.80% 31.25% 68.75%

Table 9 Component share calculation result.

m )
F S IS S
CS 85.27% 14.73% —6.0143 7.0143

This indicates that the price discovery ability of China’s interest
rate derivative market has not been stable in recent years, and it
was impacted by unstable external factors.

Componenet share model. Table 9 is the result of the calculation
of the CS model. It can be seen that the price discovery function
of the treasury bond futures market is stronger than that of the
spot market. In contrast, the result of the interest rate swap
market did not prove that it has the price discovery ability.

VAR model. The PP test (Table 2) concluded that the rate of
return series is stable, and a VAR model can be established for

Hypothesis of cointegration Eigenvalue Trace Statistic 0.05 Critical Value P value
(InF, InS) None 0.032281 40.35848 12.3209 0.0000***
At most 1 0.000485 0.588264 4129906 0.5047
(InlS, InS) None 0.031705 40.78344 12.3209 0.0000***
At most 1 0.00143 1.734204 4129906 0.2208
*, %%, #4% denote statistical significance at the 10, 5, and 1% level, respectively.
Table 6 Johansen cointegration test (Max-eigen statistic).
Hypothesis of cointegration Eigenvalue Max-Eigen Statistic 0.05 Critical Value P value
(InF, InS) None 0.032281 39.77021 11.2248 0.0000***
At most 1 0.000485 0.588264 4129906 0.5047
(InlS, InS) None 0.031705 39.04923 11.2248 0.0000***
At most 1 0.00143 1.734204 4129906 0.2208
*, %%, *+% denote statistical significance at the 10, 5, and 1% level, respectively.
Table 7 Full-sample information share analysis. Table 10 Lag order test.
(Q)) 2) Lag LoglL FPE AIC SC HQ
InF InS InlS InS 0 17317.856 0.000 —37.039 —37.026 —37.034
Upper limit 99.77% 44.92% 99.77% 57.40% 1 17743.278 0.000 —37.749 —37.699 —37.73
Low limit 55.08% 0.23% 42.60% 0.23% 2 17770.472 0.000 —37.803 —37.715* —-37.77*
Mean 77.43% 22.57% 71.19% 28.81% 3 17767.762 0.000 —37.808 —37.682 —37.76

* indicates lag order selected by the criterion.

Table 11 Parameter estimation table of the VAR model.

Argument Estimator RF RS RIS
RFy Coefficient —0.043 0141 —2.073
Std.dev. 0.039 0.014 0.229
t-value -1.094 9.811 -9.072
RFi.2 Coefficient —0.104 —0.005 0.637
Std.dev. 0.038 0.014 0.226
t-value —2.705 —0.374 2.82
RSt Coefficient —0.297 0.135 3.275
Std.dev. 04 0.042 0.671
t-value —2.605 3.185 4.883
RS;-» Coefficient 0.31 0.231 —2.456
Std.dev. 0.101 0.038 0.597
t-value 3.063 6.146 —4M7
RIS Coefficient —0.024 —0.01 0.246
Std.dev. 0.007 0.003 0.042
t-value —3.277 —3.807 5.818
RIS¢2 Coefficient 0.006 0.002 —0.062
Std.dev. 0.007 0.002 0.039
t-value 0.892 0.842 —1.56
Constant Coefficient 0.000 0.000 0.000
Std.dev. 0.000 0.000 0.000
t-value —0.149 4.873 —0.243

further analysis. According to Table 10, the best lag order is 2; the
VAR(2) model is established. Table 11 shows the parameter
estimation result of the VAR model. It can be seen from Table 11:

RF, = —0.043RF,_, — 0.104RF, , — 0.297RS, | + 0.311RS,_,
—0.024RIS,_, + 0.006RIS,_, — 0.0

21)
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Table 12 Results of variance decomposition.
Rank RF RS RIS

Std.dev. RF% RS% RIS% Std.dev. RF% RS% RIS% Std.dev. RF% RS% RIS%
1 0.002 100.000 0.000 0.000 0.001 39.747 60.253 0.000 0.010 37.584 16.551 45.865
2 0.002 99.046 0.084 0.871 0.001 52.685 46.443 0.873 0.01 44,001 14.449 41.550
3 0.002 98.786 0.322 0.893 0.001 53.38 45.593 1.027 0.0m 44.277 14.452 41.270
4 0.002 98.773 0.330 0.897 0.001 53.485 45.473 1.042 0.01 44269 14.484 41.247
5 0.002 98.769 0.333 0.898 0.001 53.555 45.403 1.042 0.01m 44,298 14.482 41.220
6 0.002 98.768 0.334 0.898 0.001 53.593 45.363 1.043 0.01m 44307 14.481 41.212
7 0.002 98.767 0.335 0.898 0.001 53.604 45.352 1.044 0.01 44.307 14.481 41.212
8 0.002 98.767 0.335 0.898 0.001 53.608 45348 1.044 0.0Mm 44.307 14.482 41.21
9 0.002 98.767 0.335 0.898 0.001 53.609 45.347 1.044 0.01 44.307 14.482 41.21
10 0.002 98.767 0.335 0.898 0.001 53.609 45.346 1.044 0.01 44307 14.482 41.21
RS is spot price, RF is futures price, RIS is interest rate swap price, and Std.dev is the standard deviation.

2
1
8]
!
0 = e
g
&
-1
-2
-2 -1 0 1 2

Fig. 5 AR root test.

RS, = 0.141RF,_, — 0.005RF,_, + 0.135RS, , + 0.231RS, ,
—0.01RIS,_; + 0.002RIS,_, + 0.0
(22)

RIS, = —2.073RF,_, + 0.637RF, , + 3.275RS, |, — 2.456RS, ,
+0.246RIS, , — 0.062RIS, _, — 0.0
(23)

As shown in Fig. 5, all roots fall within the unit circle, so the
stability condition is satisfied, and the model can further perform
impulse response analysis and variance decomposition.

Figure 6 is an impulse response analysis plot depicting the
effect of a shock on one endogenous variable (the shock variable)
in the model on another endogenous variable (the variable subject
to the shock). As can be seen from Fig. 6, RF is affected by itself,
RS, and RIS in the first five phases and gradually converges to 0 in
the sixth phase. RS is affected by RF and RIS in the first seven
periods and gradually converges to 0 from the eighth period. RIS
is affected by RF, RS, and itself in the first five periods and
gradually converges to 0 from the sixth period.

8

Table 12 shows the variance decomposition results. From the
variance decomposition results of RF, it can be seen that in the first
phase, the fluctuation of RF is completely affected by itself, and by
increasing the number of phases, RS and RIS will have a slight
impact on it, but it is mainly affected by itself. As can be seen from
the variance decomposition results of RS, the fluctuation of RS in the
first period is affected by itself and RF, but mainly by itself. With the
increase in the number of periods, RF has an increasing influence on
RS and becomes the most important influencing factor, while RIS
also has a slight influence on it. From the variance decomposition
results of RIS, it can be seen that in the first period, the fluctuation of
RIS was mainly influenced by itself, and RF and RS also impacted it.
However, with the increase in the number of periods, RF had an
increasing impact on RIS and became the most important
influencing factor, which was also influenced by itself and RS.

Empirical results based on the spillover index model

Static spillover analysis. The analysis of the spillover index is
based on the second-order VAR model and uses H = 10-step-
ahead forecast error variance deposition (Fasanya et al. 2020).
Table 13 shows the volatility spillovers among the three markets.
The total spillover index in the lower right corner shows that the
spillover index for the entire sample period is 49.0%, indicating
that 49.0% of the variance of the forecast error between treasury
bond futures, spot, and interest rate swaps comes from the spil-
lover among variables. The contribution to others in this row
shows that the treasury bond futures market has the largest
spillover to other markets at 51.1%, followed by the interest rate
swap market. It can be seen from the column contribution from
others: spillover from other markets to the treasury bond spot
market is the largest, at 54.5%, followed by the interest rate swap
market. Judging from the net volatility spillover in the last row,
the largest is from treasury bond futures to other markets, at 7.5%
(51.1-43.6%), and from other markets to the spot market, at
—7.5% (47.0-54.5%). In addition, the spillovers between treasury
bond futures and spot are smaller than the spillovers between
interest rate swaps and spot, indicating that the impact between
treasury bond futures and spot is less than between interest rate
swaps and the spot market.

Dynamic spillover analysis. The previous volatility spillover table
shows the spillover structure during the entire sample period, but
it cannot describe the time-varying characteristics of spillovers
between markets. Next, a rolling window method is adopted for
dynamic analysis. The rolling sample analysis based on the VAR
model can obtain the dynamic spillover index, which helps
characterize the dynamic changes of risk spillovers among vari-
ables. This article uses a 100-day rolling sample. Figure 7 is a
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Fig. 6 Pulse response analysis diagram (In each figure, the former variable is the shock variable and the latter is the variable subject to the shock).

Table 13 Spillover index between three markets.
RF RIS RS Contribution from

others

RF 5637 2122 2241 436

RIS 2428 5113 2459 489

RS 26.82 27.64 4554 545

Contribution to 51.1 489 47.0 Total spillover index:

others 49.0%

Net volatility 7.5 0 -7.5

spillovers

graph of the total spillover index between markets. According to
Fig. 7, it can be seen that the total spillover index between the
markets changed significantly at the end of 2016 and then showed
an upward trend in the following years, indicating that the linkage
between the markets has strengthened. The V-shaped trend
appeared at the end of 2016, possibly due to the poor funda-
mental indicators of domestic economic data, the overall loose
capital, and a low-interest rate in the money market. After
November, due to factors such as the Fed rate hike, the market
capital gradually tightened, and some indicators of economic
fundamentals improved. Since 2018, the market’s total spillover
index has continued to rise, suggesting a stronger link between
the interest rate derivatives market and the treasury bond spot
market, which is possibly related to the launch of two-year
treasury bond futures and the participation of commercial banks
and insurance institutions in treasury bond futures trading.
Figures 8, 9 are the directional spillover index. The former is
the directional spillover of each market to other markets, and the
latter is the directional spillover of other markets to a certain
market. It can be seen from Fig. 8 that the degree of spillover in
the treasury bond futures and interest rate swap market has
strengthened, and the spillover of the treasury bond spot market
has been relatively small. This shows that the treasury bond
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Fig. 7 Total spillover index. The figure shows the total spillover index
between the various markets.

futures and interest rate swap markets have gradually increased
their impact on other markets in recent years. Figure 8 shows the
volatility spillovers from other markets. The spot market is the
most obvious (Fig. 9b). The spillover effect of other markets on
treasury bond futures is smaller than that on the interest rate
swap market. In addition, the spillover effect has increased over
time, indicating that the spot market is vulnerable to the spillover
effects of other market risks, and the linkage between markets has
strengthened. Figure 10 shows the spillover situation of each
market. It can be seen that the treasury bond futures market has
almost always been in a state of net spillover (Fig. 10a), while the
treasury spot market has almost always been affected by spillovers
from other markets (Fig. 10c). The above shows that compared
with the interest rate swap market, the treasury bond futures
market has stronger volatility spillover effects and has a greater
impact on other markets. Figure 10 shows the spillover situation
between the two markets, where TF refers to treasury bond
futures, S is treasury bond spot, and IRS is an interest rate swap. If
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(a) Treasury bond futures market-TF (b) Treasury bond spot market-CSl Aggregate Bond Index
2 -

40

30

20

1000

(c) Interest rate swap market-5Y FR007
70

60

40

30 -

Directional volatility spillovers, to others (%)

20 +

period

Fig. 8 Directional spillover index to others. It has three panels labeled as (a-¢) to other markets. It can be seen that the degree of spillover in the treasury
bond futures (@) and interest rate swap market (¢) has strengthened, and the spillover of the treasury bond spot market (b) has been relatively small.

(a) Treasury bond futures market-TF (b) Treasury bond spot market-CSI Aggregate Bond Index
60 «r - 70 -
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(c) Interest rate swap market-5Y FR007
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period

Fig. 9 Directional spillover index from others. It shows the volatility spillovers from other markets. It has three panels labeled as (a-c), showing the
directional spillover of other markets to a certain market. The spot market (b) is the most obvious. Also, the spillover effect of other markets on treasury
bond futures (a) is smaller than that on the interest rate swap market (c). In addition, the spillover effect has increased over time, indicating that the spot
market is vulnerable to the spillover effects of other market risks, and the linkage between markets has strengthened.
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Fig. 10 The net spillover index. It shows the spillover situation of each market labeled as (a-c). It can be seen that the treasury bond futures market (a) has
almost always been in a state of net spillover, while the treasury spot market (¢) has almost always been affected by spillover from other markets. Compared
with the interest rate swap market, the treasury bond futures market has stronger volatility spillover effects and has a greater impact on other markets.

it is positive, it indicates that the previous market has a net
spillover to the next market. According to Fig. 11, it can be seen
that treasury bond futures and interest rate swaps have a net
spillover to the spot market, and treasury bond futures have a
stronger impact on the spot market (Fig. 11b, c).Treasury bond
futures also have net volatility spillovers on interest rate swaps
(Fig. 11a). Through the above analysis, it can be concluded that
the treasury bond futures and interest rate swap markets have
developed in recent years, which can have a greater impact on
other markets, and their influence has increased, indicating that
China’s interest rate derivatives market has a volatility spillover
effect on the spot market. Thus, there is a strong linkage between
derivatives markets.

Results and discussion. The paper establishes an information share
and spillover index model to research price discovery and volatility
spillover of the interest rate derivatives market. First, the information
share calculation results show that the price discovery ability of
treasury bond futures and interest rate swaps is stronger than that of
the spot market. This finding is similar to Tang et al. (2018) and
Park et al. (2017), who also proved that the treasury bond futures
market leads the price discovery process (Park et al. 2017; Tang et al.
2018). Low transaction costs, leverage trading, and liquidity make
the futures markets dominant in the process of price discovery (Raju
and Shirodkar, 2020).

Second, based on the structural break analysis, the paper finds
that the price discovery contribution of interest rate derivatives
declined and is lower than the spot market in stages 2 and 4.
Moreover, the price discovery of interest rate derivatives changed
over time, similar to Paolo et al., who found that the information
share dynamically changed. Also, Dobrev and Meldrum’s (2020)

studies further proved that the treasury bond futures market could
recover faster when facing external impact because it has higher
liquidity than the spot market (Dobrev and Meldrum, 2020).

Finally, the total spillover index calculated by the spillover
index model is 49%, indicating that the risk spillover between
markets is obvious. The dynamic spillover analysis shows that the
treasury bond futures market has the most obvious spillover
effect, and the interest rate swap market also has a certain degree
of spillover effect, while the treasury bond spot market is most
subjected to spillover effects from other markets. Overall, the
linkage between the three markets is strong, substantiating Ruan
et al. (2021) study, which found a persistent correlation between
treasury bond futures and the spot market (Ruan et al. 2021) and
Hsiang-Hsi et al. (2019) research, which studied the stock market,
treasury bond futures and cash market and found that the
treasury bond futures market was affected by the volatility of the
other two markets (Hsiang-Hsi et al. 2019).

Conclusions and policy implications

From the perspective of price discovery and volatility spillover,
this paper studies the linkage characteristics between China’s
interest rate derivatives market and the treasury bond spot
market. First, the paper establishes an information share model to
analyze the price discovery contribution of markets. Second, the
paper uses the DY spillover index model to analyze the static and
dynamic spillover relationships among markets. The results show
that: First, compared with treasury bond spot, the price discovery
function of treasury bond futures and interest rate swaps is
stronger. Second, based on structural break analysis, the price
discovery ability of the interest rate derivative market is unstable.
Third, as a net spillover in the market, treasury bond futures have
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Fig. 11 Net pairwise spillovers. It shows the spillover situation between the two markets elaborated in (a-c). In the figure, TF refers to treasury bond

futures, S is treasury bond spot, and IRS is the interest rate swap. If it is posi
The treasury bond futures and interest rate swaps (a) have a net spillover

tive, it indicates that the previous market has a net spillover to the next market.
to the spot market as shown in (b, c). Also, the treasury bond futures have a

stronger impact on the spot market as shown in (b). Treasury bond futures also have net volatility spillovers on interest rate swaps as indicated in (a).

developed relatively stable. Both treasury bond futures and
interest rate swaps have spillover effects on the spot market,
indicating that China’s interest rate derivatives market can impact
the treasury bond spot market.

The empirical findings of this paper have some policy impli-
cations: First, it’'s necessary to promote the synergy between
treasury bond futures and the interest rate swap market. More
varieties of interest rate derivative products can be launched to
meet the diversified needs of market participants. It's important
to introduce treasury bond futures with different maturities,
which helps improve the market yield curve and provides a more
useful pricing reference for market transactions. Second, paying
more attention to the risks during derivative trading is very
important. In the process of regulating the interest rate derivative
market, it is necessary to pay attention to the situation of the spot
market and achieve information integration and collaborative
supervision of different markets. The government should focus
on preventing systemic risks in the market and strengthen
transparency in information disclosure. Third, by understanding
the risk spillover structure among treasury bond futures, interest
rate swaps and treasury bond spot markets, market participants
should adjust their portfolio plans according to the dynamic
changes of different markets, which can help mitigate the asso-
ciated losses caused by risk spillovers.

There are some limitations in this paper. First, there are many
kinds of treasury bond futures. This paper only selects five-year
products, which may be too limited. Second, the paper does not
consider macroeconomic factors that affect price discovery and
volatility spillovers. So, future research can focus on exploring
more external factors that affect the interest rate derivatives

market. Additionally, high-frequency data and other interest rate
derivative products can be selected for further empirical analysis.

Data availability
Data used can be accessed at the Journals’ data repository via
https://doi.org/10.7910/DVN/FADFGU.

Received: 28 January 2023; Accepted: 6 February 2024;
Published online: 04 March 2024

Notes
1 http://www.pbc.gov.cn/
2 https://www.csindex.com.cn/

References

Ahmad W, Rais S, Shaik AR (2018) Modelling the directional spillovers from DJIM
Index to conventional benchmarks: different this time? Q Rev Econ Finance
67:14-27. https://doi.org/10.1016/j.qref.2017.04.012

Ballestra LV, D’Innocenzo E, Guizzardi A (2023) A new bivariate approach for
modeling the interaction between stock volatility and interest rate: an
application to S&P500 returns and options. Eur ] Oper Res. https://doi.org/
10.1016/j.¢jor.2023.11.049

Chen J, Liang Z, Ding Q, Ren X, Wu A (2023a) Dynamic connectedness across
energy and metal futures markets during the COVID-19 pandemic: new
evidence from a time-varying spillover index. Res Policy 86:104249. https://
doi.org/10.1016/j.resourpol.2023.104249

Chen X, Tongurai J (2023) Informational linkage and price discovery between
China’s futures and spot markets: evidence from the US-China trade dispute.
Glob Finance J. 55:100750. https://doi.org/10.1016/].GFJ.2022.100750

| (2024)11:360 | https://doi.org/10.1057/s41599-024-02788-x


https://doi.org/10.7910/DVN/FADFGU
http://www.pbc.gov.cn/
https://www.csindex.com.cn/
https://doi.org/10.1016/j.qref.2017.04.012
https://doi.org/10.1016/j.ejor.2023.11.049
https://doi.org/10.1016/j.ejor.2023.11.049
https://doi.org/10.1016/j.resourpol.2023.104249
https://doi.org/10.1016/j.resourpol.2023.104249
https://doi.org/10.1016/J.GFJ.2022.100750

ARTICLE

Chen Z, Xu Y, Wang Y (2023b) Can convertible bond trading predict stock
returns? Evidence from China. Pacific Basin Finance J. 79:102026. https://doi.
org/10.1016/j.pacfin.2023.102026

Cuestas JC, Monfort M, Ordoénez J (2024) Have real exchange rates and compe-
titiveness in Central and Eastern Europe fundamentally changed? Interna-
tional Review of Economics & Finance 89:618-628. https://doi.org/10.1016/j.
iref.2023.07.072

Dobrev D, Meldrum AC (2020) What do quoted spreads tell us about machine
trading at times of market stress? Evidence from Treasury and FX Markets
during the COVID-19-related market turmoil in March 2020. FEDS Notes
https://doi.org/10.17016/2380-7172.2748

Elgammal MM, Ahmed WMA, Abdullah A (2021) Price and volatility spillovers
between global equity, gold, and energy markets prior to and during the
COVID-19 pandemic. Resour Policy. 74:102334. https://doi.org/10.1016/].
RESOURPOL.2021.102334

Fasanya IO, Oyewole O, Odudu T (2020) Returns and volatility spillovers among
cryptocurrency portfolios. Int ] Manag Finance 327-341 https://doi.org/10.
1108/ijmf-02-2019-0074

Fassas AP, Siriopoulos C (2018) Intraday price discovery and volatility spillovers in
an emerging market. Int Rev Econ Finance 59:333-346. https://doi.org/10.
1016/j.iref.2018.09.008

Fernandez-Perez A, Miffre J, Schoen T, Scott A (2023) Do spot market auction data
help price discovery? ] Commod Mark 31:100335. https://doi.org/10.1016/j.
jcomm.2023.100335

Frino A, Garcia M (2018) Price discovery in short-term interest rate markets:
Futures versus swaps. ] Futures Mark 38(10):1179-1188. https://doi.org/10.
1002/fut.21935

Gao X, Wang X, Tian F (2019) Do significant risk warnings in annual reports
increase corporate bond credit spreads? Evidence from China. China J
Account Res 12(2):191-208. https://doi.org/10.1016/j.cjar.2019.04.002

Gemayel R, Franus T, Bowden ] (2023) Price discovery between Bitcoin spot
markets and exchange traded products. Econ Lett 228:111152. https://doi.org/
10.1016/j.econlet.2023.111152

Goetz C, Miljkovic D, Barabanov N (2021) New empirical evidence in support of
the theory of price volatility of storable commodities under rational expec-
tations in spot and futures markets. Energy Econ 100:105375. https://doi.org/
10.1016/j.eneco.2021.105375

Guo J, Tanaka T (2022) Energy security versus food security: an analysis of fuel
ethanol- related markets using the spillover index and partial wavelet
coherence approaches. Energy Econ 112:106142. https://doi.org/10.1016/].
ENECO.2022.106142

He M, Wang Y, Zeng Q, Zhang Y (2023) Forecasting aggregate stock market
volatility with industry volatilities: the role of spillover index. Res Int Bus
Finance 65:101983. https://doi.org/10.1016/j.ribaf.2023.101983

Hsiang-Hsi L, Wang T-K, Li W (2019) Dynamical volatility and correlation among
US stock and treasury bond cash and futures markets in presence of financial
crisis: a copula approach. Res Int Bus Finance 48:381-396. https://doi.org/10.
1016/j.ribaf.2019.02.002

Ivan I, Feng J, Yiuman T (2019) The impact of the US stock market opening on
price discovery of government bond futures. ] Futures Mark 39(7):779-802.
https://doi.org/10.1002/fut.22015

Kang SH, Lee JW (2019) The network connectedness of volatility spillovers across
global futures markets. Physica A 526:120756. https://doi.org/10.1016/j.
physa.2019.03.121

Karabiyik H, Narayan PK, Phan DHB, Westerlund J (2018) Islamic spot and index
futures markets: Where is the price discovery? Pacific Basin Finance ]
52:123-133. https://doi.org/10.1016/j.pacfin.2017.04.003

Karmakar M, Inani S (2019) Information share and its predictability in the Indian
stock market. ] Futures Mark 39(10):1322-1343. https://doi.org/10.1002/fut.
22041

Liu H-H, Wang T-K, Li W (2019) Dynamical volatility and correlation among US
Stock and Treasury bond cash and futures markets in presence of financial
crisis: a copula approach. Res Int Bus Finance 48:381-396. https://doi.org/10.
1016/j.ribaf.2019.02.002

Lee Y, Yoon S (2020) Dynamic spillover and hedging among carbon, biofuel and
oil. Energies 13(17):4382. https://doi.org/10.3390/en13174382

Li RYM, Chau KW (2016) Econometric analyses of international housing markets.
Routledge

Li S, Chen L, Jiang T, Wang Y, Shen C (2024) Multidimensional financial devel-
opment and natural resources: a path for sustainable development via natural
resources and digitalization. Resour Policy 88:104400. https://doi.org/10.
1016/j.resourpol.2023.104400

Liang J, Zou H (2020) Valuation of credit contingent interest rate swap with credit
rating migration. Int ] Comput Math 97(12):2546-2560. https://doi.org/10.
1080/00207160.2020.1713315

Liu H-H, Chang A, Shiu Y-M (2020a) Interest rate derivatives and risk exposure:
evidence from the life insurance industry. North Am ] Econ Finance
51:100978. https://doi.org/10.1016/j.najef.2019.04.021

Liu J, Tang S, Chang C (2020b) Spillover effect between carbon spot and futures
market: evidence from EU ETS. Environ Sci Pollut Res Int 28:15223-15235.
https://doi.org/10.1007/s11356-020-11653-8

Liu W, An Y, Fang R (2021) Who is the “Anchor” of price stability in China’s
interest rate market? Empirical evidence from the market of spot and Futures
of government bonds and interest rate swap. Journal of Beijing University of
Aeronautics and Astronautics(Social Sciences Edition) 34(01):84-95. https://
doi.org/10.13766/j.bhsk.1008-2204.2019.0386

Lu Y, Yang L, Liu L (2019) Volatility spillovers between crude oil and agricultural
commodity markets since the financial crisis. Sustainability 11(2):396. https://
doi.org/10.3390/5u11020396

Mao J, Zhao Y, Yang S, Li RYM, Abbas J (2022) Intelligent transformation and
customer concentration. J Organ End User Comput 35(2):1-15. https://doi.
org/10.4018/JOEUC.333470

Mata MN, Razali MN, Bentes SR, Vieira I (2021) Volatility spillover effect of Pan-
Asia’s property portfolio markets. Mathematics 9(12):1418. https://doi.org/
10.3390/math9121418

Mishra A, Das N, Chhetri P (2023) Sustainable strategies for the Indian coal sector:
an econometric analysis approach. Sustainability 15(14):11129. https://doi.
org/10.3390/sul51411129

Nopporn T, Sanae R (2021) An analytical formula for pricing interest rate swaps in
terms of bond prices under the extended cox-ingersoll ross model. Songk-
lanakarin ] Sci Technol 43(4):987-992. https://doi.org/10.14456/sjst-psu.
2021.129

Papavassiliou VG, Kinateder H (2021) Information shares and market quality
before and during the European sovereign debt crisis. J Int Financial Mark
Inst Money 72:101334. https://doi.org/10.1016/j.intfin.2021.101334

Park CY, Mercado Jr R, Choi J, Lim H (2017) Price discovery and foreign parti-
cipation in Korea’s government bond futures and cash markets. ] Futures
Mark 37(1):23-51. https://doi.org/10.1002/fut.21785

Raju GA, Shirodkar S (2020) The lead lag relationship between spot and
futures markets in the energy sector: empirical evidence from Indian
markets. Int ] Energy Econ Policy 10(5):409-414. https://doi.org/10.
32479/ijeep.9783

Ruan Q, Zhou M, Yin L, Lv D (2021) Hedging effectiveness of Chinese Treasury
bond futures: new evidence based on nonlinear analysis. Physica A
565:125553. https://doi.org/10.1016/j.physa.2020.125553

Shao X, Zhong Y, Liu W, Li RYM (2021) Modeling the effect of green technology
innovation and renewable energy on carbon neutrality in N-11 countries?
Evidence from advance panel estimations. ] Environ Manag 296:113189.
https://doi.org/10.1016/j.jenvman.2021.113189

Sharma P, Chotia V (2019) Efficiency of interest rate derivatives in price discovery
process: evidences from India. Theor Econ Lett 09(5):1669-1681. https://doi.
org/10.4236/te.2019.95106

Sheng C, Ming Jie D, Ruibin L, Yan C (2023) Asymmetric volatility spillover
among global oil, gold, and Chinese sectors in the presence of major emer-
gencies. Resour Policy 82:103579. https://doi.org/10.1016/].RESOURPOL.
2023.103579

Shrestha K, Naysary B, Philip SSS (2023) Price discovery in carbon exchange traded
fund markets. Int Rev Financ Anal 89:102814. https://doi.org/10.1016/j.irfa.
2023.102814

Stauvermann PJ, Kumar RR, Shahzad SJH, Kumar NN (2018) Effect of tourism on
economic growth of Sri Lanka: accounting for capital per worker, exchange
rate and structural breaks. Econ Change Restructuring 51(1):49-68. https://
doi.org/10.1007/s10644-016-9198-6

Su M (2023) Price guidance and discovery of the Chinese stock index futures: based
on the rising, falling and fluctuating states. Heliyon 9(3):e14429. https://doi.
org/10.1016/j.heliyon.2023.e14429

Tang D, Yang Y, Yu Y (2018) Price discovery and volatility spillover effect in
treasury bond futures and spot markets: evidence from China. IOP Conf
Series Mater Sci Eng 439(3):032056. https://doi.org/10.1088/1757-899X/439/
3/032056

Walid M, Khamis HAY, Xuan VV, Sang HK (2020) Dynamic spillover and con-
nectedness between oil futures and European bonds. North Am ] Econ
Finance (prepublish): 101342 https://doi.org/10.1016/].NAJEF.2020.101342

Wang M, Huang L (2019) Pricing cross-currency interest rate swaps under the
Levy market model. Rev Deriv Res 22(2):329-355. https://doi.org/10.1007/
s11147-018-9150-1

Wu Z, Gau Y, Chen Y (2023) Price discovery and triangular arbitrage in currency
markets. ] Int Money Finance 137:102912. https://doi.org/10.1016/j.jimonfin.
2023.102912

Xuan LW, Sheng CCC, James N (2020) Which market dominates the price dis-
covery in currency futures? The case of the Chicago Mercantile Exchange and
the Intercontinental Exchange. Glob Finance ] (prepublish): 100593 https://
doi.org/10.1016/J.GFJ.2020.100593

Zhang H, Jin C, Bouri E, Gao W, Xu Y (2022) Realized higher-order moments
spillovers between commodity and stock markets: evidence from China.
100275 hitps://doi.org/10.1016/j.jcomm.2022.100275

| (2024)11:360 | https://doi.org/10.1057/541599-024-02788-x 13


https://doi.org/10.1016/j.pacfin.2023.102026
https://doi.org/10.1016/j.pacfin.2023.102026
https://doi.org/10.1016/j.iref.2023.07.072
https://doi.org/10.1016/j.iref.2023.07.072
https://doi.org/10.17016/2380-7172.2748
https://doi.org/10.1016/J.RESOURPOL.2021.102334
https://doi.org/10.1016/J.RESOURPOL.2021.102334
https://doi.org/10.1108/ijmf-02-2019-0074
https://doi.org/10.1108/ijmf-02-2019-0074
https://doi.org/10.1016/j.iref.2018.09.008
https://doi.org/10.1016/j.iref.2018.09.008
https://doi.org/10.1016/j.jcomm.2023.100335
https://doi.org/10.1016/j.jcomm.2023.100335
https://doi.org/10.1002/fut.21935
https://doi.org/10.1002/fut.21935
https://doi.org/10.1016/j.cjar.2019.04.002
https://doi.org/10.1016/j.econlet.2023.111152
https://doi.org/10.1016/j.econlet.2023.111152
https://doi.org/10.1016/j.eneco.2021.105375
https://doi.org/10.1016/j.eneco.2021.105375
https://doi.org/10.1016/J.ENECO.2022.106142
https://doi.org/10.1016/J.ENECO.2022.106142
https://doi.org/10.1016/j.ribaf.2023.101983
https://doi.org/10.1016/j.ribaf.2019.02.002
https://doi.org/10.1016/j.ribaf.2019.02.002
https://doi.org/10.1002/fut.22015
https://doi.org/10.1016/j.physa.2019.03.121
https://doi.org/10.1016/j.physa.2019.03.121
https://doi.org/10.1016/j.pacfin.2017.04.003
https://doi.org/10.1002/fut.22041
https://doi.org/10.1002/fut.22041
https://doi.org/10.1016/j.ribaf.2019.02.002
https://doi.org/10.1016/j.ribaf.2019.02.002
https://doi.org/10.3390/en13174382
https://doi.org/10.1016/j.resourpol.2023.104400
https://doi.org/10.1016/j.resourpol.2023.104400
https://doi.org/10.1080/00207160.2020.1713315
https://doi.org/10.1080/00207160.2020.1713315
https://doi.org/10.1016/j.najef.2019.04.021
https://doi.org/10.1007/s11356-020-11653-8
https://doi.org/10.13766/j.bhsk.1008-2204.2019.0386
https://doi.org/10.13766/j.bhsk.1008-2204.2019.0386
https://doi.org/10.3390/su11020396
https://doi.org/10.3390/su11020396
https://doi.org/10.4018/JOEUC.333470
https://doi.org/10.4018/JOEUC.333470
https://doi.org/10.3390/math9121418
https://doi.org/10.3390/math9121418
https://doi.org/10.3390/su151411129
https://doi.org/10.3390/su151411129
https://doi.org/10.14456/sjst-psu.2021.129
https://doi.org/10.14456/sjst-psu.2021.129
https://doi.org/10.1016/j.intfin.2021.101334
https://doi.org/10.1002/fut.21785
https://doi.org/10.32479/ijeep.9783
https://doi.org/10.32479/ijeep.9783
https://doi.org/10.1016/j.physa.2020.125553
https://doi.org/10.1016/j.jenvman.2021.113189
https://doi.org/10.4236/tel.2019.95106
https://doi.org/10.4236/tel.2019.95106
https://doi.org/10.1016/J.RESOURPOL.2023.103579
https://doi.org/10.1016/J.RESOURPOL.2023.103579
https://doi.org/10.1016/j.irfa.2023.102814
https://doi.org/10.1016/j.irfa.2023.102814
https://doi.org/10.1007/s10644-016-9198-6
https://doi.org/10.1007/s10644-016-9198-6
https://doi.org/10.1016/j.heliyon.2023.e14429
https://doi.org/10.1016/j.heliyon.2023.e14429
https://doi.org/10.1088/1757-899X/439/3/032056
https://doi.org/10.1088/1757-899X/439/3/032056
https://doi.org/10.1016/J.NAJEF.2020.101342
https://doi.org/10.1007/s11147-018-9150-1
https://doi.org/10.1007/s11147-018-9150-1
https://doi.org/10.1016/j.jimonfin.2023.102912
https://doi.org/10.1016/j.jimonfin.2023.102912
https://doi.org/10.1016/J.GFJ.2020.100593
https://doi.org/10.1016/J.GFJ.2020.100593
https://doi.org/10.1016/j.jcomm.2022.100275

ARTICLE

Zhang ], Tang Y, Gang J, Fan L (2019) Price discovery in China’s interest rate
markets: evidence from the treasury spot, futures, and interest rate swaps
markets. ] Financial Res (01): 19-34

Zhang Y, Wang M, Xiong X, Zou G (2020) Volatility spillovers between stock,
bond, oil, and gold with portfolio implications: evidence from China. Finance
Res Lett 40:100786. https://doi.org/10.1016/j.fr.2020.101786. prepublish

Author contributions

Conceptualization, C.C. and D.T.; methodology, W.C.; software, W.C,; validation, L.S.,
C.C., and H.W,; formal analysis, W.C., C.C,, L.S,, D.T., and HW; investigation, W.C.

and C.C,; resources, D.T.; data curation, C.C.; writing—original draft preparation, W.C;
writing—review and editing, W.C., C.C,, L.S, HW.,, D.T,, and D.D.L,; visualization, C.C;
supervision, D.D.L. and L.S; project administration, D.T.; funding acquisition, C.C.

Competing interests
The authors declare no competing interest.

Ethical approval

Ethical approval was not required as the study did not involve human participants.

Informed consent
Informed consent was not required as the study did not involve human participants.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1057/s41599-024-02788-x.

Correspondence and requests for materials should be addressed to Congxiao Chen or
Li Shang.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
BY

Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2024

| (2024)11:360 | https://doi.org/10.1057/s41599-024-02788-x


https://doi.org/10.1016/j.frl.2020.101786
https://doi.org/10.1057/s41599-024-02788-x
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Price discovery and volatility spillovers in the interest rate derivatives�market
	Introduction
	Literature�review
	Methods
	Data
	Research methods
	Information share�model
	Component share�model
	Vector autoregression�model
	Diebold and Yilmaz spillover Index�model

	Empirical results
	Descriptive statistics
	Structural break analysis
	Information share�model
	Componenet share�model
	VAR�model
	Empirical results based on the spillover index�model
	Static spillover analysis
	Dynamic spillover analysis
	Results and discussion

	Conclusions and policy implications
	Data availability
	References
	References
	References
	Author contributions
	Competing interests
	Additional information




