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Theoretical and experimental evidence on stock market
volatilities: a two-phase flow model

Limin Wanga, Yingying Xua and Sultan Salemb

aSchool of Economics and Management, University of Science and Technology Beijing, Beijing,
China; bDepartment of Economics, University of Birmingham, Birmingham, UK

ABSTRACT
The volume–volatility relationship usually ignores possible effects
of stock shares. This article proposes a two-phase flow model
assuming that capital and stock flows determine stock price and
return volatility. Computational simulations suggest that monodir-
ectional capital or stock flows and collective flows exert different
effects on stock return volatilities. Considering the impact of stock
flows, the positive relationship between capital and return volatil-
ity is no longer guaranteed. The inflow of capital and the outflow
of stock increase stock price similarly; but exhibit completely dif-
ferent effects on stock return volatilities. A persistent stock inflow
(outflow) reduces (intensifies) return volatilities, whereas a mono-
directional persistent capital outflow has no such effect. When
capital and stock flows’ velocities satisfy critical values determined
by the initial state of the market, the market enlargement accom-
panied with increasing stock and capital shows no impact on
market stability because of stable return volatilities. Otherwise,
stock flows drive return volatilities with stronger effects than cap-
ital flows. Further experimental studies that simulate the real
stock market through a trading system provide strong evidence
supporting the two-phase flow model. Given similar driving forces
of capital and stock flows, the interaction of them should be con-
sidered in constructing investment strategies and setting policies.
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1. Introduction

The volume–volatility relationship has been the centre of financial studies, but its
nature has not been yet fully examined. Trading volume and stock return volatility in
financial markets typically, but not always, move in tandem (Bollerslev et al., 2018),
which inspires the central role of trading volume in pricing financial assets. However,
the reasons for the occasionally moderate inverse movements of volume and return
volatility are unrevealed (e.g., Pisedtasalasai & Gunasekarage, 2007; Okan et al., 2009).
Most findings regarding the relationship between volume–volatility ignore the role of
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the numbers of stocks. The effect of volume, particularly in terms of money, is hardly
possible to be independent of the number of stocks being traded in the market. For
instance, both capital and stock are likely to flow into the market during the period
of Initial Public Offerings (I.P.O.s). Nevertheless, minimal studies research the effect
of stock flows on return volatilities. The conflicting empirical evidence surrounding
the precise relationship between trading volume and stock return volatility has added
fuel to this debate paving the way for considering other possible driving factors. This
article attempts to analyse whether the traditionally argued positive volume–volatility
relationship is affected by changes in stocks through investigating the effects of stock
and capital flows on return volatilities, which, to the best of our knowledge, has not
been revealed in existent literature.

It is difficult to divide the effect of trading volumes in terms of money and stock
shares on the stock return volatility from one to another in the empirical study because
both factors are driven by certain common forces. Additional rights issues, I.P.O.s and
hot money inflow are likely to appear simultaneously when the macro-economy is
strong. It has been recognised that financial markets are more volatile in the real-world
data than in standard models (Shiller, 1981; Adam et al., 2016), and the interaction
between capital and stock flows is one possible reason. Thereby, different from previous
literature, this article resorts to the experimental method to produce evidence for the
effect of capital and stock flows on stock return volatilities. We simulate the real mar-
ket through a trading system which allows us to adjust the trading scenario in which
only capital or stock changes. Meanwhile, inspired by the vigorous development of
econophysics, we propose a two-phase flow model in which capital and stock flows
determine stock price and return volatility. The capital and stocks in the market change
over time, thus generating time-varying average price of stock and return volatility.

This study provides a number of theoretical and experimental contributions. First,
we propose a theoretical model that attempts to explain the stock return volatility.
The two-phase flow model considers the interaction of capital and stock, thus show-
ing that the effect of capital on stock return volatility depends on the amount of
stocks. Second, based on the theoretical model, we simulate the formation of stock
price and return volatility for many cases. Specifically, we simulate monodirectional
capital flow, monodirectional stock flow and collective flows of two factors in the
same and opposite directions, respectively. We find significantly different effects of
capital and stock flows on the stock market. Capital and stock flows exhibit similar
effects in driving stock price; however, their impacts on return volatilities are com-
pletely different. Stock flows appear to dominate capital flows in driving return vola-
tilities. Thus, simulation results provide a possible explanation for different
volume–volatility relationships reported in distinct markets. Finally, experimental
studies which simulate the real trading market are conducted to produce evidence for
the effects of capital and stock flows on the financial market, particularly on return
volatilities. The real stock market is driven by multiple factors that is hardly possible
to be controlled. Compared with the computer simulation of multi-agents models,
the experimental method resorts to human beings, which considers the emotional
effects of agents that cannot be simulated by computers. Thus, experimental methods
capture the real reflection of investors to changes occurred in the stock market.
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Overall, both theoretical and experimental results suggest that the interaction between
capital and stock shares validates in forming the volume–volatility relationship, in
which changes in stocks are driving forces. Further research and policies considering
such linkage well benefit the stability of the financial market and investing strategies.

This study proceeds as follows. Section 2 is a literature review. Section 3 proposes
a theoretical model that attempts to explain the roles of capital and stocks in affecting
return volatilities and provides corresponding computational simulations. Section 4
illustrates an experiment that simulate the real market to test the effect of stock and
capital flows on return volatilities, and Section 5 concludes this article.

2. Literature review

Capital flows exert significant effects on stock markets, particularly on market volatil-
ities. As demonstrated by Bennett and Sias (2001), money flow appears to provide
investors with information regarding future returns and can to certain extent explain
cross-sectional variation in future returns. Nonetheless, minimal studies test the effect
of capital flows on stock volatilities directly. Generally, relating literature concerns
capital flows from three perspectives: trading volume, hot money, and equity funds.

The measurement of trading volume is quite different in the literature, including
the size of trading volume measured by the amount of capital and the number of
traded stocks. Thereby, the effect of trading volume on stock volatility should be clas-
sified into two aspects: the size of trading volume, i.e., volume in terms of money
and the number of trading stocks. Unfortunately, most existent literature fails to dis-
tinguish between them. The research regarding the size of trading volume is closely
related to our study because the effective capital injected into the stock market is
exactly the amount of money traded. A large number of studies support a positive
relationship between trading volume and return volatilities. Karpoff (1987) summa-
rises some theoretical explanations on the relation between price changes and trading
volume in financial markets, i.e., the moisture of distribution hypothesis (M.D.H.;
Epps & Epps, 1976), the Sequential Information Arrival Hypothesis (S.I.A.H.;
Copeland & Galai, 1983), and the life-cycle trading (Pfleiderer1984). The M.D.H.
model postulates that the stock returns are conditionally normal with a variance
which is based upon the intensity of information arrivals. Meanwhile, trading volume
and stock prices are determined by information flows because of trades induced by
information arrivals. Thus, stock return volatility and trading volume are positively
interlinked through information flows. The M.D.H. model has been widely adopted
in empirical studies to explain the volume–volatility relationship in stock and futures
markets, e.g., Kartsaklas (2018), Naik et al. (2018) and Bohl and Stefan (2020). The
S.I.A.H. argues that trading volume as a proxy of information helps to predict return
volatilities because investors receive new information sequentially. Tseng et al. (2015),
Shen et al. (2018) and Yu et al. (2019) among many others find positive evidence sup-
porting the S.I.A.H. in explaining volume–volatility relationships in stock markets. Two
more recent models have been proposed. Admati and Pfleiderer (1988) consider the
asymmetric information between traders and suggest that concentrated-trading patterns
arise endogenously as a result of the strategic behaviour of liquidity traders and
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informed traders. The patterns of trading volume and price variability in intraday trans-
actions can therefore be explained. Scheinkman and Xiong (2003) and Banerjee and
Kremer (2010) develop a disagreement model in which investors disagree about the
interpretation of public information. Consequently, a positive correlation between vol-
ume and stock return volatility generates because of the impacts of public information.

Meanwhile, a large quantity of empirical studies find evidence supporting a close
relationship between trading volume and stock return volatility for the past decades.
Li and Wu (2006) show that the positive relationship between stock return volatility
and trading volume is primarily driven by the informed component of trading
according to the M.D.H. However, when the information flow is controlled, the
return volatility is negatively related to trading volume. He and Velu (2014) develop
a multi-asset M.D.H. model in which stock returns and volatility are assumed to
jointly depend on a latent information flow and empirically demonstrate such predic-
tion. Do et al. (2014) find an unambiguously positive and significant relationship
between the realised volatility and the trading volume which is represented by the
number of trades, which supports heterogeneous beliefs among investors. Pevzner
et al. (2015) report increases in both trading volume and stock return variance during
the earnings announcement period by researching across 25 countries. Paital and
Sharma (2016) find a positive relationship between return volatility and trading vol-
ume, which favours the S.I.A.H. over M.D.H. for the Indian stock market. By con-
trast, Naik et al. (2018) support the M.D.H. based upon evidence from South Africa.
The relationships between intraday trading volume and stock volatilities in other
markets such as futures markets are frequently investigated by recent studies, e.g.,
Balcilar et al. (2017), Bollerslev et al. (2018), Kartsaklas (2018), Ma et al. (2018) and
Koubaa and Slim (2019). Studies regarding the liquidity–volatility relationship also
contribute to the understanding of the volume–volatility relationship because liquidity
is particularly determined by trading volume (Chordia et al., 2000; BeRdowska-S�ojka &
Kliber, 2019). Nevertheless, based on the M.D.H., Bose and Rahman (2015) find that
contemporaneous trading volume contributes little to the removal of significant heter-
oscedasticity effects in Bangladesh. Thampanya et al. (2020) also note that trading
volume is not the most important factor in affecting stock return volatilities. They
find that trading volume affects emerging market volatility more than developed mar-
ket volatility, whereas the proportion of young firms plays a notable role. Thereby, it
is reasonable to infer that the number of stock shares is a possible reason for discrep-
ancies in the volume–volatility relationship.

Massive amounts of speculative funds, or ‘hot money’, flow from one country to
another to earn a short-term profit, thus leading to controversial effects on the
stock market. However, one can reasonably speculate that increases in hot money
in a country will unavoidably raise the capital in the stock market. Thereby, the
research of the relation between hot money and stock markets is closely related to
our topic. Many studies claim a significant effect of hot money on stock prices and
volatilities, particularly in emerging markets such as Mexico and India (Chari &
Kehoe, 2003). More recent studies focus on the effect of hot money on the Chinese
stock market. Guo and Huang (2010) indicate that hot money has accelerated stock
volatilities in China. Wei et al. (2018) imply that the Chinese stock market is not
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driven by hot money, and vice versa. However, hot money has a significant positive
impact on the long-term volatility of the Chinese stock market. Nevertheless,
Waqas et al. (2015) suggest that whether hot money drives Chinese stock volatility
remains unclear.

Another strand of literature that closely related to our research investigates how
mutual fund flows affect stock markets. Beaumont et al. (2008) use the aggregate
money flows in and out of domestically-oriented U.S. mutual funds to measure indi-
vidual investor sentiments and find that such sentiment has a significant impact on
stock volatilities. The result agrees with Lee et al. (2002). However, Cao et al. (2008)
document a different impact which supports a negative relation between the inflow of
aggregate mutual fund and stock volatilities. Lee et al. (2015) support an evident rela-
tionship among stock volatilities, market returns, and the aggregate equity fund flows
in the U.S., but not in Asian countries. Nevertheless, Goh and Sapian (2017) report
that the stock volatility is positively related to net equity flows of local investors
whilst is negatively related to that of foreign investors in the Malaysian market.
Evidence regarding significant relations between fund flows and stock markets are
also demonstrated in other countries such as Australia, Japan and China (Watson &
Wickramanayake, 2012; Alexakis et al., 2013; Wang, 2014).

For studies investigating the effect of stock flows on markets, most focus on the
role of I.P.O. To the best of our knowledge, there is no research studying the number
of stocks actually traded in the market in analysing market volatilities. A possible rea-
son may be that it is difficult to separate the effect of stock flows given numerous fac-
tors influencing stock markets. Schwert (2002) analyses the relation of the unusual
Nasdaq volatility to the hot I.P.O. market in 1998 and 1999 and concludes that the
technology I.P.O. appears to explain the unusual volatility best. P�astor and Veronesi,
(2005) suggest that I.P.O. waves are accompanied by changes in stock returns, and
Pettway et al. (2008) and Loughran and Mcdonald (2013) argue that I.P.O.s affect
stock return volatilities. Despite that I.P.O. and additional rights issues that enlarge
stock flows are expected to exert significant effects on stock markets, insufficient evi-
dence has been exploited theoretically and empirically.

Meanwhile, an emerging area, i.e., the econophysics, has been widely explored in
explaining complex non-linear phenomena in financial markets. The pioneering work
of Mantegna and Stanley (1995) demonstrates that the Standard & Poor’s 500 can be
described by a non-Gaussian process of L�evy stable process. Following Mantegna and
Stanley (1995), many micro-models have been proposed to explain the long-term cor-
relation of volatility and the associated wave aggregation behaviour. Lux and
Marchesi (1999) describe a multi-agent model of financial markets which supports
that scaling emerges from mutual interactions of participants. Wang and Wang
(2012) and Yu and Wang (2012) propose and promote financial pricing models
which are developed by the stochastic lattice percolation theory (a random network).
Hong and Wang (2014) develop a financial agent-based time series model based on
the Potts model and investigate volatilities of financial time series through simulation
and empirical tests. More related studies such as Mike and Farmer (2008) and Fang
and Wang (2012), among many others, support that financial analysis based on phys-
ical models captures the properties of stock markets.
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Finally, turning to the experimental linkage among trading volume, capital and
stock returns, a limited number of studies provide certain evidence. For instance,
Zhang et al. (2014) utilise a similar simulated stock trading system with the one
adopted in this study and find that stock returns are negatively related to the trading
volume in unilaterally price-rising markets. However, they also note that such a rela-
tionship disappears in unilaterally price-falling markets. Additionally, the above study
investigates the effects of gender and personality on the relationship between trading
volume and stock returns, which are confirmed by many studies using the real stock
market data, e.g., Richards and Willows (2018) and Zhang et al. (2019). Thus, the
study of Zhang et al. (2014) provides solid support to the method of simulation from
the real stock markets. More related studies resort to computational simulations of an
artificial stock market, e.g., Krichene and El-Aroui (2018a) and Lee and Lee (2020).
In these studies, the developed stock market is usually order-driven and populated by
heterogeneous agents to simulate the real stock market (Krichene & El-Aroui, 2018b).
Despite its similar mechanism with the real stock market, artificial markets can never
simulate the emotion and behaviour changes of individual investors.

3. Theoretical model and simulation

3.1. The two-phase flow model of stock market

The one-dimensional flow controlling volume model of physical fluid mechanics
assumes that fluid continues to flow into and out of the container. When the fluid
fills the container, the upper of the container wall will exert certain pressure on the
fluid, thus controlling the volume of the container and speeding up the liquid flow
rate. In the stock market, it is practically impossible that stock prices maintain
unchanged when the amounts of capital and stock vary. Therefore, we set a ‘non-con-
trol volume model’, i.e., the liquid level in the container changes with different flow
speeds of the fluid. In the stock market, traders keep buying and selling stocks, thus
making money flow in and out of the market. Meanwhile, there are I.P.O.s, secondary
offerings and delisting that will change the total number of shares in the stock mar-
ket. Consequently, money and stocks flow in and out of the stock market every
moment as fluid flow. Similarly, the stock price works as the liquid level in the con-
tainer, which varies and fluctuates with the flows of money and stocks in the market.
We propose a two-phase flow model to explain the fluctuation of stock prices accord-
ing to the significant similarity between stock markets and hydromechanics. We
assume that money and the share of stocks in the stock market change over time, i.e.,
m(t) and s(t). Correspondingly, the average price of stock changes over time, i.e., p(t).
The symbols of s(0), m(0) and p(0) represent the number of stocks, capital quantity
and stock price in the initial state, respectively. The initial average stock price is:

p 0ð Þ ¼ mð0Þ
sð0Þ (1)

To explain the relationship among the average price and number of stocks and
capital quantity, we further apply six assumptions to the models as follows. First,
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money and stocks can be freely circulated and converted without any constrains at
any time, which means that the stock market has sufficient liquidity. Second, the
flow of money can be totally converted to the market value. Third, the trading of
stocks occurs continuously, which means that the capital flow is continuous and
dm/dt exists. Four, the stock flow caused by I.P.O. and delisting is continuous and
ds/dt exists. Five, the average stock price changes continuously and dp/dt exists.
Finally, the average stock price is determined by the total capital quantity and the
number of stocks, i.e., p(t)¼m(t)/s(t). Thereby, the stock price at time t is deter-
mined as follows:

p tð Þ ¼ m 0ð Þ þ Dm
s 0ð Þ þ Ds

(2)

where Dm and Ds denote changes in m and s, respectively. Correspondingly, Dp is
the change in the average stock price during the period Dt which is determined by:

Dp ¼ m 0ð Þ þ Dm
s 0ð Þ þ Ds

�m 0ð Þ
s 0ð Þ (3)

Given that p tð Þ, m tð Þ, and s tð Þ are continuously differentiable, Eq. (3) means that:

vp tð Þ ¼ 1
sð0Þ vm tð Þ �mð0Þ

s2ð0Þ vs tð Þ (4)

where vpðtÞ, vmðtÞ and vsðtÞ are the velocities of changes in the average stock price,
capital flow and stock flow, respectively. We can obtain the following equation
through integral:

ðT
o
vpðtÞdt ¼ 1

sð0Þ
ðT
o
vmðtÞdt �mð0Þ

s2ð0Þ
ðT
o
vsðtÞdt (5)

According to Eq. (5), increases and decreases in stock prices are the same as the
capital flow, but opposite to the stock flow. Therefore, the average stock price
increases when capital flows into the market while stocks flow out of it. By contrast,
an inflow of stocks and outflow of capital will decrease the average stock price.
However, when capital and stocks move in the same direction, the average price of
stock depends on the balance of two factors. For example, when both capital and
stocks flow into the market and the former dominated the latter, the average stock
price will rise, and vice versa. Furthermore, when the capital flow exceeds stock flow
to a certain extent, effects of the number of stocks can be ignored, which means that
the average stock price changes in line with that of capital flow. By contrast, when
the number of stocks dominates the capital flow, the former leads to negative changes
in the average stock price.

We obtain the average stock price and corresponding return volatility according to
Eq. (5).
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p tð Þ ¼ p 0ð Þ þ 1
sð0Þ

ðT
o
vmðtÞdt �mð0Þ

s2ð0Þ
ðT
o
vsðtÞdt (6)

r ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
nD ln

m 0ð Þs 0ð Þ þ s
�
0Þ Ð To vm tð Þdt�m

�
0
� Ð T

o vsðtÞdt
m 0ð Þs 0ð Þ þ s

�
0Þ Ð T�1

o vm tð Þdt �m
�
0
� Ð T�1

o vsðtÞdt

0
B@

1
CA

vuuuut (7)

The average potential stock price and return volatility are determined by capital
quantity, the number of stocks, velocities of capital and stock flows. Particularly, in a
short time period, when the number of stocks and the velocity of stock flow are likely
to maintain the same, the effects of capital flow on stock prices and return volatility
can be predicted.

3.2. Simulation

We proceed to simulate the effects of capital and stock flows on the stock return
volatility under constraint conditions. Specifically, we study four cases: the number of
stocks mains unchanged (Panel A in Table 1), the capital quantity remains (Panel B
in Table 1), capital and stock flow in the opposite directions (Panel C in Table 1),
and capital and stock flow in or out simultaneously for the rest three cases with spe-
cific velocities (Panels D–F in Table 1). The settings of initial capital and stocks are
based on the Chinese stock market, and vmðtÞ and vsðtÞ refer to the daily velocities.
We simulate the changes in stock return volatility for 200 steps, each step contains 22
simulations, corresponding to 22 trading days. Thus, the horizontal axis refers to the
time at the horizon of month, and the vertical axis denotes stock return volatilities.

Table 1. Parameters settings for the simulation of the (potential) market volatility.
Group Number mð0Þ (trillion) sð0Þ (trillion) vmðtÞ vsðtÞ
Panel A: monodirectional capital flow
1 102 101 10�2 0
2 102 101 �10�2 0
Panel B: monodirectional stock flow
3 102 101 0 10�3

4 102 101 0 �10�3

Panel C: capital and stock flow in opposite directions
5 102 101 10�2 �10�3

6 102 101 �10�2 10�3

Panel D: capital and stock flows in the same direction: vmðtÞ=vsðtÞ¼m(0)/s(0)
7 102 101 10�2 10�3

8 102 101 �10�2 �10�3

Panel E: capital and stock flows in the same direction: vmðtÞ=vsðtÞ<m(0)/s(0)
9 102 101 9�2 10�3

10 102 101 �9�2 �10�3

Panel F: capital and stock flows in the same direction: vmðtÞ=vsðtÞ>m(0)/s(0)
11 102 101 11�2 10�3

12 102 101 �11�2 �10�3

Notes: The initial values of capital and stock shares are based on the Chinese stock market. vmðtÞ and vsðtÞ are
velocities of capital and stock flows, respectively. s(0) and m(0) represent the number of stocks and capital quantity
in the initial state.
Source: The Authors.
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First, we simulate the potential stock return volatility when the number of stocks
maintains unchanged, i.e., the velocity of stock flow is zero. As explained by the
M.D.H. and S.I.A.H., trading volume and stock return volatility are contemporan-
eously positively related because of their joint dependence on the common factor of
the flow of new information in the market (Paital & Sharma, 2016). Inflows of capital
thus should stimulate a larger return volatility, and the equilibrium price should be
immediately established. According to Panel A in Table 1 and Figure 1, the potential
average price increases when vmðtÞ is positive, thus meaning that the inflow of capital
rises stock prices, in line with the expectation of Eq. (6) and M.D.H. and S.I.A.H.
However, as can be observed in Figure 1, the potential stock return volatility shows
little fluctuation. By contrast, a sudden inflow of capital increases the stock return
volatility compared with when the market is in a stable state (which is expected to
show no fluctuation). A constant inflow of capital shows no impact on the market

Figure 1. The simulation results of stock return volatility and average stock price (Panel A, mono-
directional capital flow). Source: The Authors.
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stability over a longer-term horizon of 200months, because the potential stock return
volatility maintains approximately the same over the simulation period. Similarly, an
outflow of capital triggers a sudden increase in the stock return volatility, but shows
no persistent effect. Meanwhile, a capital outflow results in a lower stock price as
expected. Thus, the simulation indicates that capital inflows with a time-invariant vel-
ocity are not necessarily positively related to increases in return volatilities.

Then, we simulate the stock return volatility and stock price when the velocity of
capital flow equals zero, i.e., vmðtÞ ¼ 0, meaning that the capital quantity maintains
unchanged. The settings of parameters are summarised in Panel B of Table 1. As
shown in Figure 2, as expected, the inflow and outflow of stocks exhibit distinct
effects on the trend of stock price. Specifically, when the capital quantity maintains
the same, a constant inflow of stock results in a logarithmic form decrease of stock

Figure 2. The simulation results of stock return volatility and average stock price (Panel B, mono-
directional stock flow). Source: The Authors.
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price. Thereby, the return volatility decreases over time in a similar logarithmic form.
By contrast, the stock price increases in a quasi-exponential form when stock flows
out of the market at a constant speed, and thus generates a quasi-exponentially
increased stock return volatility. In other words, an outflow of stock impacts the
stock return stability significantly, and a constant outflow will cause even more dras-
tic fluctuations over a longer-term horizon. Comparing Figures 1 and 2, we can find
that stock flows appear to exert much more significant effects on the stock return
volatility than capital flows. The results of following simulations provide fur-
ther evidence.

The above discussion regards the unilateral flow of stock or capital. In the follow-
ing simulations, we analyse the simultaneous movements of capital and stock in the

Figure 3. The simulation results of stock return volatility and average stock price (Panel C, flows in
opposite directions). Source: The Authors.
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same and opposite directions, respectively. As summarised in Panel C and Figure 3,
the stock price and stock return volatility under the inflow of capital and outflow of
stock show similar patterns with the case of monodirectional stock outflow in Figure
2, but with significantly stronger effects. Consequently, the price and stock return
volatility at the end of the simulation period are much greater. Meanwhile, the out-
flow of capital and inflow of stock generate similar results with the case of monodir-
ectional stock inflow. Clearly, the results show that the opposite movements of capital
and stock strength the effects on stock return volatility of each other; but appear to
indicate that the effects of stock flow dominate that of capital flow. Through compar-
ing the stock return volatilities in Figures 1–3, it is easy to find that the opposite
movement of capital strengthens the effect of stock flow on stock return volatility,

Figure 4. The simulation results of stock return volatility and average stock price (Panel D,
vm tð Þ=vs tð Þ ¼ mð0Þ=sð0Þ). Source: The Authors.
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particularly when the capital flows out. Such results are consistent with the theoretical
model in which the increase in capital plays a similar role as the decrease in stocks.

According to Eq. (6), when the changes of capital and stock flows are constrained
to vm tð Þ=vs tð Þ ¼ m=s, the stock price should maintain unchanged over time. As a
consequence, the stock return volatility should be zero, thus indicating that the mar-
ket is in a stable state. Therefore, the simulation under co-movements of capital and
stock flows in the same direction is further categorised into three situations:
vm tð Þ=vs tð Þ ¼ m=s (Panle D), vm tð Þ=vs tð Þ < m=s (Panel E), and vm tð Þ=vs tð Þ > m=s
(Panel F). Figure 4 displays the results of potential stock return volatility and stock
price when the stock and capital flow in the same direction and satisfies

Figure 5. The simulation results of stock return volatility and average stock price (Panel E,
vm tð Þ=vs tð Þ < mð0Þ=sð0Þ). Source: The Authors.
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vm tð Þ=vs tð Þ ¼ m=s: As expected, the stock price maintains unchanged and the stock
return volatility remains zero.

When considering different absolute velocities of stock and capital flows, the
results are quite different. Figures 5 and 6 report the results of Panels E and F,
respectively. In Panel E, vm tð Þ=vs tð Þ < m=s, meaning that the velocity ratio of capital
flow and stock flow is smaller than the initial capital stock ratio. As shown in Figure
5, the movements of stock price and return volatility are quite different from the
monodirectional flow cases of Figures 1 and 2. The collective inflow of capital and
stock results in increases in stock prices, but decreases stock return volatility.
Concerning the effects on stock return volatility, the collective inflow of capital and
stock is similar with the monodirectional inflow of stock (Figure 2), but with

Figure 6. The simulation results of stock return volatility and average stock price (Panel E,
vm tð Þ=vs tð Þ > m=s). Source: The Authors.
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comparatively weaker impact. By contrast, the collective outflow of capital and stock
decreases stock prices, but increases stock return volatility. Again, the collective out-
flow of capital and stock exhibits a similar but weaker effect on stock return volatility
comparing with the monodirectional outflow of stock (Figure 2). Thus, the results
show that the flows of capital weaken the effect of stock flows. We can summarise
that when the capital flows with a small enough velocity, the stock flow in the same
direction drives the market.

Finally, when stock and capital flow in the same direction and satisfy
vm tð Þ=vs tð Þ > m=s, results are different. Figure 6 displays the simulation results of
Panel F. When the inflow velocity of capital is large enough (vm tð Þ > vs tð Þm=s), the
collective inflow of stock and capital results in decreased stock price and lowers the
stock return volatility. By contrast, the collective outflow of stock and capital
increases stock price and stock return volatility. By comparing with the results in
Figure 2 and Figure 5, we can find stock flow drives the market even when the capital
velocity is quite large ( vm tð Þj j > jvs tð Þj�m=s). A monodirectional capital inflow has
little effect on stock return volatility, whereas a monodirectional stock inflow
decreases stock return volatility. When both capital and stock flow into the market
with an inconstant velocity, which assures that vm tð Þ=vs tð Þ 6¼ m=s, the stock return
volatility decreases. Thereby, the stock flow is again demonstrated to be the main
driver of stock return volatility instead of capital flows. Furthermore, the results indi-
cate that when stock flows into the market, an influx of capital can help to stabilise
the market through decreasing stock return volatilities. Nevertheless, if stock flows
out of the market, the following capital loss may intensify the market fluctuation.
Overall, the stock return volatility mainly depends on changes in stocks, whereas the
interaction of stock and capital affects stock price.

The simulation results suggest that stock and capital flows exert significant effects
on the return volatility and stock price. We can draw several conclusions from the
above discussions. First, monodirectional capital inflow (outflow) increases (decreases)
the stock price, but exerts little effect on the long-term stock return volatility. Second,
monodirectional stock inflow (outflow) decreases (increases) stock price and return
volatility. Third, the opposite flow of capital intensifies the effect of stock flows.
Fourth, the collective inflow or outflow of capital and stock affects stock return vola-
tility significantly, but with specific effects determined by the relative flow velocity of
them. Specifically, when the velocities of stock and capital flows maintain relatively
fixed to the initial capital stock ratio, the market stays stable with comparatively
unchanged stock return volatility.

4. Behavioural finance experiments and analysis

4.1. Behavioural finance experiments

We use the experimental method to produce evidence for the effect of capital and
stock changes on stock return volatilities. Ever since the pioneering work of Smith
et al. (1988), using experimental methods to study behaviours in stock markets has
been widely accepted. For instance, investigating I.P.O. underpricing (Haruvy et al.,
2014) and asset bubbles with short-selling mechanism (Haruvy & Noussair, 2006),

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 3259



dividend mechanism (Cheung & Coleman, 2014) and information asymmetry (Ghosh
et al., 2015), etc. In our experiments, we simulate the real market through a trading
system which allows us to adjust the trading scenario. The real stock market is driven
by multiple factors that is hardly possible to be controlled. Compared with the com-
puter simulation of multi-agents models, the experimental method resorts to human
beings, which considers emotional effects of agents that cannot be simulated by com-
puters. Thus, the experimental method can to a better extent capture the real reflec-
tion of investors to changes occurred in the stock market and produce unique
evidence that empirical tests can hardly achieve.

4.1.1. Trading platform
The platform developed by the School of Economics and Management at the
University of Science & Technology Beijing (U.S.T.B.) provides a stock simulation
trading system. This platform enables approximately 200 agents to participate in the
trade simultaneously using the hardware (servers and computers) and software (stock
simulation trading system) supported by the financial engineering laboratory of
U.S.T.B. The experimental platform contains four parts as shown in Figure 7. First,
the trading terminal, which provides the subjects with main functions of pending
orders, withdrawing orders, entrusting record query, querying transaction record,
querying asset, showing real-time price, displaying time-sharing chart, etc. Second,
the matchmaking server following the rules of price priority and time priority. The
matchmaking server will match the pending orders of the subjects in both directions
and give real-time feedbacks on the transaction interface. Third, the background
operation, through which the experimental designer controls the opening and closing
of trading, stock types and handling fees. Meanwhile, we can change the number of
stocks and capital of subjects, control the market trend and release news through the
background operation. Finally, the database. During the experiment, the platform
records the transaction quantity, transaction price and the total amount of capital at
each moment according to the instructions of the subjects, and automatically forms
the commission and transaction records. Therefore, the experimental platform pro-
vides a continuous two-way auction system, which highly simulates the real market
and furnishes real-time transaction data.

4.1.2. Trading system
The transaction price is determined by the entrustment order, which adopts the con-
tinuous auction mode, price priority and time priority rules. The trading system is a

Figure 7. Trading platform of the experiment. Source: The Authors.
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‘Tþ 00 delivery and settlement system, which means that the settlement and delivery
take place immediately after the transaction occurs. To settle means to exchange the
shares (stocks) for the cash and to deliver means reverse operations. This system
improves the market liquidity to better simulate the continuous trading in a real mar-
ket. Besides, there is no handling charge for transactions between buyers and sellers
because every experiment is strictly restricted to 20minutes, followed by a fiveminute
break to avoid the resistance psychology and aversion emotion of subjects.
Meanwhile, to prevent the merging and truncation problems that will affect data
integrity, there is no limit on the rise and fall of stock prices in the experiments. We
set the limit of the price falling margin to be 99.9% because the price cannot be zero.
To ensure the trading activity, each experiment trades one unique stock, and the
price and fundamental information are determined by specific experiment
requirements.

4.1.3. Experimental investment situation
Due to the experimental time limit and the main research objective, there are no divi-
dends and financial statements of the traded stock despite that these can be imple-
mented through the platform. Two groups of experiments are designed: the effects of
capital flow on stock return volatilities, and the effects of stock flows. The 265 partici-
pants in this experiment are students in the selected investment course provided by
the U.S.T.B. The students came from 16 universities majoring in specialised subjects.
The students were permitted to communicate with one another and to trade online at
the same time. Each experiment lasted 20minutes, and there was a five-minute break
between each experiment. We employed standard psychological methods which
would not cause physical or psychological damage. We followed the guide of the
Chinese Ethics Committee of Registering Clinical Trials and received the approval of
Student Affairs, which was responsible for the safety of students and was a formal
organisation at the U.S.T.B. Before the experiments, we informed the students that
the course score is positively related to their personal stock returns. Such scoring
mechanism encourages subjects to actively and seriously involve in the trading experi-
ment to strive for higher test scores. As found by Moore and Taylor (2007), credit
system and incentive system are similar to experiments regarding students as the
main experimental subject.

In the first group of experiments, we tested the capital flow on stock return volatil-
ities. Three groups of subjects were tested according to the settings in Table 2. For
these two groups, three experiments were conducted and each experiment lasted
20minutes. There was a five-minute break between each two experiments. During the
above experiments, the number of stock shares was maintained the same, and we
increased the capital quantity of traders through the background operation to simu-
late the capital flow in real markets. Each of the subjects in each of the experimental
pre-openings was assigned with 10,000 shares of stock. After the opening, buyers and
sellers traded freely for 20minutes. Then, the system was shut down for fiveminutes
between each of the two fields.

The second group of experiment tested the effect of monodirectional stock flow on
stock return volatilities. Similar to the above design, each of the subjects in each of
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the experimental pre-openings was assigned 400,000 R.M.B. cash in their personal
capital account. Buyers and sellers traded freely for 20minutes and the trading was
closed for fiveminutes during which the number of stocks will be changed according
to Table 2.

4.2. Data analysis

First, we analyse the effect of capital flow on stock return volatilities. Figure 8 shows
the stock price movements of three experiments for Group 1 which are generated by
the participants’ own behaviour without any interference. It shows that in the early
few minutes in each experiment, the stock price rose because of a large amount of
buy deals, but after reaching a peak, it fluctuated until the end of the experiments.
Generally, stock prices for each experiment evolved to comparatively stable prices
without any manipulation. The results for Group 2 show similar patterns.1 We then
calculate the stock return volatility of each experiment and summarise the results in
Panel A of Table 2. According to Figure 8 and Table 2, the comparative equilibrium
stock price2 is approximately 23.6, and the corresponding stock return volatility is
0.0017 for experiment 1, for which 200,000 R.M.B. and 10,000 stock shares were
injected into each participant’s account before the trading. After the first 20minutes
trading (experiment 1), 600,000 R.M.B. capital was injected into each participant’s
account during the five minutes’ break. Then, the second experiment with enlarged
capital generated an equilibrium price of about 50 and a stock return volatility of
0.0070, which are significantly larger than that in experiment 1. Similarly, after the
second 20minutes’ trading, another 800,000 R.M.B. was injected, and the equilibrium
stock price and return volatility further increased. Such experimental results agree
with the simulation results of Panel A, in which a sudden increase in capital rises the
market price and return volatility instantly. To verify the reliability of our experi-
ments, we resort to another group of participants using the same experiment design.
As shown in Table 2, the injection of capital intensifies the stock return volatility,
thus supporting the results of Group 1 and simulation results of Panel A in Table 1.

Table 2. Experiment results.

Experiment
Capital

(Thousand RMB)
Stock
(Share)

Stock Return
Volatility

Equilibrium
Price

Panel A: monodirectional capital flow
Group 1
(185 participants)

1 200 10000 0.0017 23.75
2 800 10000 0.0070 49.67
3 1600 10000 0.0077 193.22

Group 2
(80 participants)

1 200 10000 0.0012 21.47
2 800 10000 0.0030 45.82
3 1600 10000 0.0105 158.28

Panel B: monodirectional stock flow
Group 1
(185 participants)

1 400 1000 0.0434 118.29
2 400 5000 0.0084 70.62
3 400 10000 0.0039 27.25

Group 2
(80 participants)

1 400 1000 0.0510 148.24
2 400 5000 0.0186 77.93
3 400 10000 0.0036 29.38

Source: The Authors.
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According to Figure 8, the increase in capital results in a larger capital stock ratio,
which further affects the equilibrium stock price and return volatility. Actually, these
experiments simulate the process of stock bubble and tumble caused by hot money.
With the increase of capital, the effect of capital inflow on stock price was enlarged.
Extreme changes in capital flow may generate more significant effects on the mar-
ket stability.

Panel B in Table 2 summarises the experimental results of the effect of monodirec-
tional stock flow on the return volatility. In the initial experiment for Group 1, each
participant has 400,000 R.M.B. capital and 1,000 stock shares. The stock return vola-
tility for experiment 1 is 0.0434. When we injected 4,000 shares of stock into the
market after the first trading period, the stock return volatility decreased significantly
from 0.0434 to 0.0084. Meanwhile, the equilibrium stock price also declined. Similar
results generate for Group 2. When another 5,000 shares of stock were injected after
the market reached a comparative stable state, the stock price and return volatility
further declined. Although we simulate the process of issuing additional rights, the
effect of I.P.O. is expected to have the same effect because both operations lead to
increases in trading stocks in the real market. The experiment results agree with
Figure 2 in which monodirectional inflow of stock decreases the stock price and
return volatility. Meanwhile, comparing the results for Group 1 in Panels A and B,
we also find evidence supporting that stock flows exhibit stronger effects in reducing
stock return volatilities than capital flows.

Figure 8. Stock prices of three experiments in Group 1. Source: The Authors.
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In this article, we did not simulate the outflow of capital and stock and the collect-
ive flows of two factors because of limited resource. However, our simulation and
experiment results provide strong evidence supporting that capital and stock flows
affect the stock price and return volatility. In most empirical analysis, the powerful
effect of capital, particularly the effective capital that is actively traded in the market
was to a certain extent ignored. Our results indicate that both capital and stock quan-
tities are important factors in studying and forecasting the performance of
stock markets.

5. Conclusion

Modest fluctuations ensure the stock market liquidity and improve effective allocation
of resources. By contrast, excessive volatility undermines the transmission mechanism
of stock prices which reduces the market efficiency and aggravates losses. Therefore,
more knowledge about the generation of the financial market volatility is of signifi-
cance for investors and market regulators. Most previous literature focus on the volu-
me–volatility relationship without considering the possible effect of stock flows.
However, similar driving forces behind capital and stock indicate that the ignorance
of stock flows may lead to biased results. Many studies find a positive linkage
between trading volume in terms of money and stock return volatility, whereas diver-
gent movements or insignificant correlations between them also exist in some mar-
kets. For instance, Girard and Biswas (2007) notice a stronger positive relation
between trading volume and return volatility in emerging markets compared to devel-
oped ones, which is attributed to noise trading and speculative bubbles. Koubaa and
Slim (2019) also find significantly different volume–volatility relationships in develop-
ing and developed markets and attribute their findings to economic mechanisms.
They argue that many features such as regular fundamental analysis, feedback from
derivative markets and abundant information disclosure require much volume to gen-
erate large volatilities. Thus, liquidity becomes an important reason for differences in
the volume–volatility relationship in developing and developed countries.
Nevertheless, the role of available stock shares is completely ignored.

This article proposes a two-phase flow model to simulate the process of capital
and stock flows in generating the stock return volatility. The theoretical model reveals
that the stock price depends on the accumulation of stock and capital, thus making
the stock return volatility affected by the initial capital stock ratio and the velocities
of stock and capital flows. Hence, this model explains theoretically that the volume–-
volatility relationship is not necessarily positive. Further simulations of the theoretical
model show that the inflow (outflow) of capital exerts similar effects in increasing
(decreasing) stock price with the outflow (inflow) of stock. Nonetheless, their impacts
on the stock return volatility are completely different. A persistent monodirectional
capital flow exhibits no significant effect on stock return volatilities. By contrast, a
monodirectional stock flow triggers changes in stock price and return volatility
instantly and persistently. The effect of collective flows of capital and stock on the
stock return volatility is determined by the relative velocity of them. Specifically, cap-
ital flows with opposite directions to stock flows strengthen the effects of stock flows
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on return volatility. When the velocities of stock and capital flows are in line with the
initial condition of the market, the flows of them have no impact on the overall stock
price and return volatility. Otherwise, outflows of capital and stock strengthen market
fluctuations through increasing stock return volatilities, whereas collective inflows of
capital and stock decrease return volatilities. This is an important departure from
existent literature using an on-average correlation sign to assess the volume–volatil-
ity linkage.

The findings in this paper produce some practical implications. First, given that
stock and capital flows exhibit different effects in driving return volatilities, the mar-
ket enlargement caused by increasing capital or stock may generate market fluctua-
tions that are poles apart. For example, the additional rights issue and I.P.O.s
accompanied with injected capital that exceeds the critical value can improve the
market stability. Second, from the volatility forecasting aspect, models including stock
flows instead of merely trading volume in terms of money may improve the forecast-
ing accuracy which is the primary input for derivatives pricing, investment decision-
making and risk management. Finally, our study bears broader economic implications
that tracking stock flows enriches information sets of policymakers and regulators,
which should be strictly imposed because of the strong effects. Professional traders
can also benefit from the newly established volume–volatility relationship through
adjusting trading strategies.

Although this study provides certain important findings regarding the volume–vo-
latility relationship, there are some limitations. For instance, the experimental studies
consider the situation of one tradable stock. In the future research, adding more trad-
able stocks to the trading platform would benefit the understanding of movements of
stock volatilities and returns in various situations. Additionally, in simulating the cap-
ital and stock flows, we consider the situations of constant velocities, which are close
to unilateral rising or falling markets. Nevertheless, in the real stock market, signifi-
cant changes in price trends are possible. Allowing for time-varying capital and stock
flow velocities can reveal further information about stock markets.

Notes

1. The results of other experiments include Group 2 and the results of monodirectional stock
flow are not shown here for brevity, but are available upon request.

2. In this article, we use the ‘equilibrium price’ to describe the price that maintains stable in
the last few minutes of each experiment.
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