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Abstract

Prior research has shown that informed trading activity decreases the stock return volatility be-
cause trading causes stock prices to converge to fundamentals. On the contrary to existing studies,
this paper documents the empirical asymmetric relation between informed trading activity and
volatility. Stocks with relatively less private information are associated with lower participation of
informed traders, and an increase in informed trading activity for those stocks would increase
their return volatility. This finding is robust under both pooled and Fama-MacBeth regressions
with various constructions for the realized volatility and probability of informed trading mea-
surements.
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1. Introduction

Volatility of financial assets is a key building block for studies in risk management, investment theory, and fi-
nancial econometrics. A number of prior studies have shown that a significant amount of stock return volatility
cannot be explained by changes in firm fundamentals (e.g., [1]), raising the need for an additional explanation
for volatility dynamics caused by stock trading behavior. For instance, several studies have documented the le-
verage effect in which volatility is negatively correlated with lagged returns (e.g., [2] [3]), and Chordia et al. [4]
demonstrated a significant degree of interaction between trading activity and stock returns at the intraday level.
At daily frequency level, Avramov et al. [5] proposed a trading-based explanation for the leverage effect of vo-
latility and showed that uninformed (i.e., liquidity-driven or herding) trades increase volatility following nega-
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tive return shocks, while informed (i.e., contrarian) trades reduce volatility following positive shocks. This paper
is motivated by the line of researches to investigate the relation between high frequent volatility and informed
trading activity and, for the first time in literature, to document an asymmetric impact from trading behavior on
realized volatility.

Previous investigations on the effect of informed trading activity on return volatility were inconclusive. Vega
[6] found that informed traders are better able to extract more price-relevant private information from firm-spe-
cific characteristics. Foster and Viswanathan [7], and Aslan et al. [8] showed that informed trading based on
private information causes stock prices to converge to their fundamental values, thus reducing return volatility.
This is consistent with the argument that uninformed traders with a greater dispersion of beliefs for new infor-
mation tend to overreact to price movement, thus increasing volatility (e.g., [9]).

On the other hand, Durnev et al. [10] argued that stocks with unavailable price-relevant information are gen-
erally traded based on public information, and thus their stock prices essentially signal fundamental values.
Without private information, informed traders are inactive to trade such stocks. Kim and Verrecchia [11] dem-
onstrated that skillful informed traders are able to detect arbitrage opportunities by analyzing public data. When
informed traders exploit such information advantages, price movements tend to be more volatile.

This paper incorporates the above discussions and argues that informed trading activity should have an
asymmetric impact on stock return volatility across stocks with different levels of private information. For
stocks with relatively more price-relevant information, the participation of informed traders would bring the
price closer to fundamental values thus reducing price volatility. For stocks with relatively less private informa-
tion, informed traders only trade the stocks when they occasionally obtain unique information, which are often
disagreed with public data. Consequently, the informed trading activity is likely driving prices away from the
values inherited by the data and increases return volatility. This contention is formalized in following hypothe-
sis:

Hypothesis: The impact from informed trading activity on stock return volatility differs across stocks with
different levels of private information. For stocks with more (less) private information, one should observe 1)
higher (lower) participation of informed trading and 2) lower (higher) volatility once more informed trading ac-
tivity is detected.

This study applies the threshold regression model to investigate the asymmetric effect and employs the prob-
ability of informed trading (PIN) measurement of Easley et al. [12] to capture the level of the participation from
informed traders. This paper finds that, for all sample stocks together, there is a negative relationship between
informed trading activity and return volatility; this finding is consistent with one of Avramov et al. [5]. When
differentiating stocks with high and low regimes of informed trading participation, this research shows that the
negative relation only exists for stocks with higher PIN values. For stocks with low informed trading activity, an
increase in PIN measurement would in fact lead to higher return volatility. This asymmetric relationship be-
tween informed trading and stock volatility provides important reference for research in investment theory and
volatility dynamics.

The rest of the paper is organized as follows. Section 2 describes the data and methodology, while Section 3
presents and discusses empirical results. Section 4 concludes this research.

2. Data and Methodology

This study uses intraday data comprising the component stocks of the S&P500 index from 2006/1/1 to 2010/
12/31. Component stocks that were removed from or added to the index during the sample period are both in-
cluded. The S&P500 components were selected for the sample pool due to popularity of the index and high li-
quidity of the components. The five-year sample period covers key events such as the US housing bubble of
2006, the 2008 global financial crisis, and the 2009 American Recovery and Reinvestment Act. Since the em-
pirical model is applied on a rolling basis over the sample period with in-sample windows from 120 to 210 trad-
ing days, stocks with data series shorter than 300 data points were omitted.

Stock prices and volumes were obtained from the CRSP database. To obtain the PIN measurement, both
intraday trades and quote data were extracted from the TAQ database. Based on Easley et al. [12], we measured
the PIN by different in-sample lengths between 120 and 210 trading days. We proxy the stock return volatility
using the realized volatility (RV) measurement based on Andersen et al. [13]. The RV is defined by summing the
squares of intraday returns with estimation intervals of 3- to 15-minutes.
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We first employ below pooled regression model to examine the overall relationship between return volatility

and informed trading activity.
RV, = a, + g,Index; + p,Recession, + g;Return, + BVIX, + G,PIN; + ¢, . (1)

The RV is the realized volatility for stock i on day t, the Index; is the arithmetic average of the idiosyncratic
volatility across sample period for stock i, Recession is a dummy variable equal to 1 (and O otherwise) if the da-
ta dates are part of a recessionary period defined by NBER, Return;; is the daily stock return, VIX; is the implied
volatility index of the S&P500 at date t, and PIN;; is the PIN measurement for stock i on day t. The Index;, Re-
cession,, and VIX; are included to respectively control for firm-specific systemic risk, macroeconomic conditions,
and market-level volatility.

We then apply the following threshold regression model to investigate the asymmetric effect where Hansen’s
[14] sequential estimation procedure is used for model estimation.

RV, =, + f,Index, + S,Recession, + S;Return, + SB,VIX,
+ BPING - 1(PIN, > 2)+ B;PIN; - 1 (PIN, < 1) +¢,.

The I() is the indicator function, and A is the threshold inferred from the model. Since our data have both
cross-sectional and time-series dimensions, we employ two alternative approaches to process the threshold re-
gression. First, we use sequential procedure to obtain the threshold of each firm, and then pool the sample to-
gether to estimate Equation (2). Second, in the spirit of Fama-MacBeth method, we run the Equation (2) for each
trading day, and then provide the statistics of estimated coefficients through the sample period.

In Equation (2), £, and Ss respectively capture the impacts of PIN from high- and low-regime cases. Stocks
with PIN measurements generally higher than the threshold, meaning informed traders are more actively trading
them. In this case, an increase to PIN; is expected to reduce volatility because the participation of informed
traders causes the price to converge to fundamental values, so 3, is expected to be negative. On the other hand,
stocks with PIN measurements lower than the threshold involve less informed trading activity. According to the
above discussion, an increase to PIN;; would likely exaggerate volatility, and £ is expected to be positive.

O]

3. Empirical Results

Table 1 presents summary statistics and correlation of variables. The mean (median) PIN is 0.194 (0.188), for
which the shape of PIN is right skewed. Over our time interval, informed traders were more likely to buy, while
uninformed traders were more likely to sell. This, too, causes the positive mean return of 0.07%. The realized
volatility (RV) is highly correlated with PIN, PIN™, PIN", Index, Spread, and Recession, but lightly correlated
with Return. The correlations among independent variables are limited, so the issue of multicollinearity is re-
laxed. We will then be able to estimate our empirical model with reliable standard errors of coefficients.

Table 2 presents the empirical outcomes of pooled regression. There are 6 models in the table with the de-
pendent variable, RV, produced by 3-minute interval and PIN measurements are estimated with 120 trading days.
The 6 models are applied with different controlled variables across pooled and threshold regressions, and hence,
they provide comprehensive investigation on the dynamic impacts on RV from PIN variables. Model 1 shows
the results of Equation (1) with Index and Recession as controlled variables, and the estimate of the PIN coeffi-
cient is —33.52 and significantly away from zero. This shows that an increase in informed trading activity would
reduce the stock return volatility on average, a result consistent with Avramov et al. [5].

Model 2 provides the results of the threshold model based on Equation (2) using the same controlled variables
as in model 1. The estimates of the PIN" and PIN" coefficients are —12.36 and 9.27, respectively and are both
statistically significant. The outcomes show a negative correlation between RV and PIN for high-regime cases
but a positive correlation for low-regime stocks. The results provide direct support for our hypothesis. Stocks
with high-regime PIN measurements exhibit more activity by informed traders because they are associated with
more private information. Consequently, the participation of informed traders brings the stock price back to
fundamentals and reduces volatility. Stocks with a low-regime PIN have less private information available and
are usually traded based on public data. When informed traders do have an information advantage on these
stocks, their trading activity would then increase return volatility.

Models 3 and 4 use Return as the controlled variable to examine the relation of the realized volatility (RV) to
PIN, PIN", and PIN". The estimate of the PIN coefficient in model 3 is —27.26, and the estimates of PIN" and
PIN" in model 4 are —10.37 and 7.21, respectively. All estimates are statistically significant and consistent with
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Table 1. Summary statistics and correlation.

Variables N Mean Median Std. Maximum Minimum Range
RV 476,684 0.081 0.047 0.153 0.144 0.010 0.134
PIN 476,684 0.194 0.188 0.061 0.767 0.009 0.758
PIN" 276,869 0.313 0.224 0.034 0.767 0.112 0.656
PIN- 199,815 0.075 0.046 0.032 0.094 0.003 0.091
Index 476,684 4.167 4113 0.921 6.516 0.176 6.340
Spread 476,684 3.434 2.941 0.233 4.817 0.068 4,749
Return 476,684 0.07% —0.02% 2.39% 18.53% -14.77% 33.30%
Recession N/A 0.625 1.000 0.162 1.000 0.000 1.000
Correlation RV PIN PIN" PIN" Index Spread Return
PIN —0.558
PIN" -0.619 0.768
PIN- 0.446 —0.475 —0.434
Index 0.421 —0.163 -0.172 0.123
Spread 0.428 —-0.181 —0.196 0.135 0.076
Return —0.202 0.142 0.154 —0.087 —0.049 0.192
Recession 0.413 —0.156 —-0.167 0.109 0.057 0.185 —0.144

“This table presents the descriptive statistics and correlation of variables. See Section 2 for the definitions of variables.

Table 2. Pooled regression outcome.

1 2 3 4 5 6
Intercept 0.257 (0.97) 0.192 (0.92) 0.178 (0.69) 0.176 (0.42) 0.181 (0.72) 0.177 (0.52)
Index 0.048™ (12.82)  0.091™" (12.87)  0.059"" (22.61)  0.053"" (22.44)  0.048"™" (22.61)  0.046™" (22.52)
Recession  0.083""(31.60)  0.081" (30.83)
Return -0.021 (-0.58) -0.030 (—0.82)
VIX 0.020™ (2.00) 0.024™ (2.46)
PIN —33.52"" (—20.73) -27.26™" (~16.96) —27.29"" (—16.99)
PINH -12.36™" (-12.76) -10.37"" (-10.68) -10.35"" (-10.70)
PIN 9.270™ (8.28) 7.212" (6.45) 7232 (6.47)
Adjusted R? 0.0698 0.0651 0.0484 0.0459 0.0482 0.0461
F-statistics 653" 516™" 452" 357" 453 358™"
N 467,339 470,516 467,279 470,456 467,339 470,516

“This table presents pool regression outcomes with the dependent variable as realized volatility based on a 3-minute interval. See Section 2 for de-
scriptions of the data and the regression model. The t-statistics are shown in parentheses, and ~— and  respectively indicate the significance at the 1%
and 5% level.

those in models 1 and 2. The asymmetric relation between RV and PIN is again confirmed where negative and
positive coefficients are respectively observed for PIN" and PIN". Models 5 and 6 use the VIX coefficient as the
controlled variable. The estimate of the PIN coefficient in model 5 is —27.29, and the estimates of PIN" and
PIN" in model 6 are —10.35 and 7.23, respectively. The results are again similar with those produced in previous
models and supporting our hypothesis.

Table 3 provides the empirical outcomes of Fama-MacBeth regression using different constructions of the RV
or PIN variables across models (with same set of controlled variables as Index and Spread). The variable of
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Table 3. Fama-MacBeth regression outcome.

1 2 3 4 5 6
Intercept 0.091 (0.41) 0.077 (0.12) 0.153 (0.23) 0.143 (0.22) 0.146 (0.22) 0.134 (0.21)
Index 0.7757" (24.26)  0.77577(24.26)  0.77877(24.23)  0.7767" (24.23)  0.776"" (24.25)  0.776"" (24.25)
Spread 0.091™ (2.86) 0.093™ (2.91) 0.092™ (2.88) 0.091™ (2.90) 0.091™ (2.86) 0.090™ (2.86)
PIN —34.21"" (-3.20) -26.23™" (—4.09) -26.73"" (—4.17)
PIN" -32.49™" (-11.17) —24.83"" (—11.62) -25.22"" (-11.81)
PIN- 7.2757 (2.27) 4.736™ (2.06) 3.088™ (2.17)

“This table presents Fama-MacBeth regression outcomes. Models 1 and 2 have the dependent variable as realized volatility based on a 5-minute in-
terval and PIN’s in-sample by 180 days. Models 3 and 4 have the dependent variable as realized volatility based on a 10-minute interval and PIN’s
in-sample by 210 days. Models 5 and 6 have the dependent variable as realized volatility based on a 15-minute interval and PIN’s in-sample by 210
days. The t-statistics are shown in parentheses, and ~ and ™ respectively indicate the significance at the 1% and 5% level.

Spread is the bid-ask spread to control level of liquidity, and both Recession and VIX are market-level data and
cannot be used under Fama-MacBeth framework. Please see table description for the in-sample construction de-
tails. Focusing on the estimates of the PIN coefficient in models 1, 3, and 5, we see that they are consistently
negative and highly significant. For the PIN" coefficient, the estimates are —32.49, —24.83, and —25.22 in mod-
els 2, 4, and 6, respectively. For the PIN" coefficient, on the other hand, the estimates are 7.275, 4.736, and
3.088 in the same order. The results in Table 3 are highly consistent with those in Table 2. We again observe
the asymmetric effect between the RV and PIN variables regardless different in-sample structures. The outcomes
of Table 3 confirm findings in Table 2; showing that more informed trading activity leads to lower return vola-
tilities for stocks with high-regime PIN but higher volatilities for stocks with low-regime PIN. Compared to ex-
isting researches, the empirical application and outcomes of this study demonstrate that the asymmetric dynam-
ics are better illustrated by the method of threshold model.

4. Concluding Remarks

The relationship between stock return volatility and informed trading activity is under exploration in financial
research. Some prior studies show that informed trading reduces return volatility while others imply that, when
informed traders trade against public data, their participation increases volatility. Using the threshold model, this
study empirically finds an asymmetric relationship between informed trading and volatility. For stocks with
more private information and higher participation of informed traders, the informed trading activity reduces vo-
latility. Stocks with less private information are associated with lower participation of informed traders, and an
occasional increase of informed trading activity would exaggerate return volatility. This novel finding clarifies
the relationship between the two variables, and provides valuable insight for investment theory and volatility
dynamics.
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