	A. Meshalkina,
S. Gelman

State University – Higher School of Economics
	The underreaction and overreaction 
in asset markets with insider 
trading


	
	[image: image16.wmf] 

0

,

0000

 

0

,

2000

 

0

,

4000

 

0

,

6000

 

0

,

8000

 

1

,

0000

 

1

,

2000

 

1

,

4000

 

1

 

3

 

5

 

7

 

9

 

11

 

13

 

15

 

17

 

19

 

21

 

23

 

25

 

27

 

29

 

31

 

33

 

Lags

 

Price

 

Momentum traders

 

+

 

newswatchers

 

Insiders

 

Momentum traders + newswatchers (80%) + insiders (20%)

 

Momentum traders + newswatchers (50%)

 

+

 

insiders (50%)

 




1. Introduciton
Over the past three decades finance literature has presented vast empirical evidence of autocorrelation in single equity and stock index returns. Theoretical research provided with several explanations of this phenomena, ranging from asynchronous price measurement [Ahn et al., 2002] and presence of transaction costs [Mech, 1993] to behavioral peculiarities of market agents (e.g. [Hong, Stein, 1999]). A plethora of papers, partly stemming from the behavioral line of argument, partly from the classical branch of financial research claim the reason to be the information transmission from informed to uninformed investors (e.g. [Badrinath et al., 1995]). Normally institutional investors and insiders are considered to be «infor​med», whereby the latter constitute the most problematic group, since they are not willing to pass over the information they possess and information diffusion occurs through observation of their action. Resulting information asymmetries can be considered as an additional source of risk for the market under study. 

It is widely believed, that insider trading is a curse of emerging markets, such as of Eastern European, Asian and Latin American countries. Particularly in Russia weak anti-insider legislation lets us await a substantial portion of insider trades in the overall trading volume. At the same time daily returns on developing stock markets often exhibit high autocorrelation, whereas the returns in long existing securities markets, such as US and UK, show very little linear serial dependence in the last two decades. Therefore it seems to us necessary to explore theoretically, if there could be a casual relationship between the portion of insider trading and autocorrelation of returns on a securities market.

In this paper we will lean on the behavioral explanation of return dynamics. The most popular behavioral origin of autocorrelation is gradual information diffusion between equity securities [Badrinath et al., 1995] and different groups of investors [Hong, Stein, 1999]. The first point out, that some piece of information is instantaneously considered to be price-relevant for a certain industry or individual company, but after a while the investors realize, that the information revealed has an effect on valuation of further assets, what induces the prices of these further stocks to follow and thus generate autocorrelation of index returns. The latter argue, that investors perceive different bits of news (even on the same company) and gradually exchange the information they got, until each of them can get together a whole picture from the different parts, similar to children putting a puzzle together. Since each investor gets the same bit of information from a previous investor, he acts on it in the same way (assuming he draws the same conclusions) with a lag, thus inducing serial correlation on single equity and index returns as well. 

Since Hong and Stein (1999) provide for more general results, we take it as a starting point for our study. We extend their model explicitly adding a group of insiders to the «newswatchers», whose behavior is described above, and «momentum traders», who act only on price changes. Further we utilize the standard methodology, solving for the equilibrium price and calculating the impulse-response functions under different parameter values. Our results are rather surprising: introducing insiders in the chosen theoretical framework accelerates the reaction to news but does not rule out lagged reaction completely, thus decreasing short-term autocorrelation, opposite to our initial hypothesis. On the other hand, slowing down the information diffusion among investors leads to higher serial correlation of returns per se and in case of introducing a small portion of insiders.

The rest of the paper is organized as follows: in the following section we introduce the theoretical framework, section 3 gives an overview of results and discussion and section 4 concludes.
2. Model framework
We extend the work of Hong and C. Stein (1999). In their work they model a market populated by two groups of boundedly rational agents: «newswathers» and «momentum traders». We add to the model «insiders» and examine what will happen with under- and overreactions and show how the model behaves under particular parameters. According to Hong and C. Stein (1999),

«Each newswatcher observes some private information, but fails to extract other newswathers’ information from prices. If information diffuses gradually across the population, prices underreact in the short run. The underreaction means that the momentum traders can profit by trend-chasing. However, if they can only implement simple (i.e., univariate) strategies, their attempts at arbitrage must inevitably lead to overreaction at long horizons». 

The existence of «insiders» changes the model and the under – and overreactions. In this case, it is of extremely interest how insiders influence the speed of the price adjustment to new information. 

Our model features three types of agents: «newswatchers», «momentum traders» and «insiders». The newswatchers make their forecasts based on signals they privately observe about future fundamentals, but are not able to condition on current and past prices. Momentum traders, in contrast, do condition on past price changes, but they make their forecasts bases on AR(1) function of the past prices. In addition, we assume that private information diffuses gradually across the newswatchers’ population, while insiders know it immediately. 

All newswatchers are identical, they have the constant absolute risk aversion utility with the same risk-aversion parameter. The riskless interest rate is normalized to zero. The supply of the asset is fixed at Q. Newswathers investment strategy is: at every time t they buy and hold until the liquidating dividend at time T. The liquidating dividend can be written as:
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where all the 
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 are independently distributed, mean-zero normal random variables with variance σ2. We also divide the newswatchers population into z equal-sized groups. In tern, every dividend innovation 
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 can be decomposed into z independent subinnovations. At time t, news about 
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 begins to spread. At any time newswathers are able to observe only one subinnovation, next period they are able to observe one more and so on. So that subinnovation 
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 is seen by a fraction 1/z of the total population, then 
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 is observed by 2/z newswatchers. The rotation process continues until time t + z – 1 when 
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 becomes totally public. In this setting, parameter z can be thought as a proxy for the rate of information flow – higher values of z imply slower information diffusion. 

Given the previous assumptions the newswatchers demand for an asset is:
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We assume that momentum traders unlike the newswatchers have finite horizons. At every time t new generation of momentum traders enters the market, they take their position and holds it j periods. The momentum traders submit their order at prices that they do not know (it is determined by the competition among the newswatchers). Deciding their orders the momentum traders try to predict the price based on the past price changes. We also restrict our momentum traders to making univariate forecasts, they do not simply have the computational horsepower to run complicated multivariate regressions.

In this case, the order flow from generation j momentum traders is as follows:
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where A is constant and φ denotes an elasticity parameter; 
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 Given that there are j generations of momentum traders in the market at any point in time, the aggregate demand from the momentum traders is given by:
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In contrast to the newswatchers, the insiders observe the whole dividend innovation 
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 immediately when the news has arrived. So the insiders embody this information in their demand for an asset so that they demand for 
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. There we also assume that the insiders’ investment strategy is to buy and hold until the liquidating date T. They cannot condition on prices, by this we mean that they cannot exploit the underreactions and overreactions that occur because of momentum trading. 

Combing the demands for the asset from the newswatchers, momentum traders and insiders we get that the equilibrium price is equal:
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where β is a share of insiders and Q is supply of the asset. 

Let us consider the impulse response of prices to news shocks. At time t, there is a one-unit positive innovation 
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 that begins to diffuse among newswatchers, while insiders immediately are aware of full size of innovation. There are no further news shocks from that point. And the question is how does the price path look like?

The newswatchers aggregate estimate of Dt rises from time t to time t + z – 1, by which they have completely incorporated the news shock into their forecasts. Any positive news shock leads to the rise in prices which must generate a positive impulse to momentum-trader order flow. This order flow will increase until at least time t + j because these rounds of momentum trading create a further price increase, which leads to more momentum buying, and so on. Thus, price overshot long-run equilibrium values leading to overreaction. 

The insiders incorporate the news shock immediately into their forecasts which push prices closer to its new equilibrium level. Higher jump in prices accelerates the momentum-trader order flow in the first periods. This together with the fact, that the price is closer to its equilibrium value, lead to earlier overreaction of prices.

3. Results, impulse-response-
functions and discussion
Due to Hong and C. Stein (1999), the way the newswatchers perceive new information leads to slow adjustment of prices to news, which causes underreaction. The existence of momentum traders leads to overreaction of prices because they do not know whether they are early or late in the «momentum cycle». By this it is meant being shortly and later after substantial news has arrived to the newswatchers and insiders.

In order to get better feeling of what happens with properties of the model with adding «insiders» we perform the cumulative impulse response of prices to a one-unit shock (Fig. 1). To compare with results of Hong and C. Stein (1999) we take the same parameters of the model. We hold the information-diffusion parameter z fixed at 12 months, the aggregate risk tolerance of the momentum traders equals 1/3, momentum traders’ horizon j = 12 months, and share of insiders equals to 20 and 50%. Of course, the latter share might be nonrealistic, but we consider it to get effect of increasing the share of «insiders» more pronounced. 

We begin with comparing the impulse response function of the model by Hong and C. Stein (1999) and impulse response function of our model with 20% of total investors’ population of insiders. The impulse response function peaks 12 months after a shock, reaching a value of 1,342 for the market without «insiders» and the value of 1,344 with the «insiders». In other words, at the peak, prices in the market without «insiders» overshoot the change in long-run fundamentals by 34,2% while prices with them overshoot the long-run equilibrium by 43,4%. This could be explained as following: higher jump in prices in the first lag after news appears accelerates momentum trading while lead to stronger overreaction.

As we said with three agents in the market prices respond faster to the new information: the price in the 1 lag with «insiders» is 0,267 while the price without them is only 0,083. In other words, the insider trading reduces the pricing error. The higher change in prices due to insiders trading firstly accelerates the momentum trading, which accelerates the reaction of prices to information. The evidence of this is that the slope of impulse response function with insiders in first lags is greater than the slope of the function without them (Fig. 1). On the other hand, later the momentum traders rationally recognize the dangers of such a quick response of prices – there is a greater risk that they get caught trading late in the momentum cycle. As a result, they trade less aggressively – the slope of impulse response function with insiders is smaller. 
Form Fig. 1 price earlier overshoots its long-run equilibrium value which matches the Proposition 1 third statement. This is intuitively very clear. The insiders incorporate the news shock immediately into their forecasts which push prices closer to its new equilibrium level. Higher jump in prices accelerates the momentum-trader order flow in the first periods. This together with the fact, that the price is closer to its equilibrium value, lead to earlier overreaction of prices.

Furthermore, in case of existence of insiders in the market the cumulative returns are smaller as price in the first lags after news appears is closer to its long-run equilibrium value. This affects the momentum trading negatively and, correspondingly, leads to less short-run autocorrelations in absolute value (see Table 1). 

After the peak prices eventually converge back to 1,00, but not monotonically, there are a series of damped oscillations as the momentum trading effects gradually die out. With insiders in the market price underreaction takes place earlier (see Fig. 1). Moreover, with insiders the magnitude of underreaction is greater: the largest underreaction with insiders trading is 0,116 at lag 25 while the largest underreaction without them is 0,107 at lag 27.
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Fig. 1. Cumulative impulse response and insiders trading
The momentum traders’ horizon takes value 12. «Insiders» is a cumulative impulse response if in the market there were only insiders. The other parameters values are set as following: the information diffusion parameter is 12, the risk tolerance gamma is 1/3.
The effects of adding insiders trading increase with raising the share of them relatively to share of newswatchers. It could be seen numerically, but I do not provide these outputs. It is better to observe increasing of insiders effects on price path on the graph. In Fig. 1, in case of 50% of insiders in the total investors’ population price in the first lag is closer to its long-run equilibrium than one with 20% of insiders. The impulse response function of the market with higher number of the insiders overshoots the equilibrium level much earlier, the same happens with underreaction. 

A natural question is whether the insiders benefit from a possibility of observing whole peace of innovation immediately as it occurs. As the soon as positive news is available for insiders, they immediately incorporate this information into their forecasts and demand for an asset. Whereas newswatchers observe only part of the information and, while getting new pieces of information, gradually increase their demand for an asset. Thus, the share of insiders in the first rounds of trading is very high 75%. It then decreases to it equilibrium level of 20% – in equilibrium, prices are stable, thus, no momentum trades; and there are 80% of newswathers traders holding an asset and 20% of insiders, as we assumed. As the relative share of insiders holding the asset is pretty high in the first lags, they must get the best advantages of first high returns. As we assumed, they cannot condition on past prices, their investment strategy is only buy and hold until liquidating date. That is why they must experience not only positive returns, but negative as well. However they have both positive and negative returns, their cummulative profit is positive and significant. In 34 month after the positive news have arrived, they earned 54,74% or in annual terms 19,32%. We ignore later oscillations in returns as they are very small and would not change the fact that insiders earn significant positive profits. However, in our example we have the game with unit-sum. Thus, introducing insiders in the market diminishes the returns of other traders. While there are only 20% on insiders in the total investors’ population, not taking into account the momentum traders, they get more than a half of the total possible profit.

	Table 1.
	Autocorrelation functions of prices in the market without insiders and in the market with them


The short-run autocorrelation of prices with insiders in the market is smaller in absolute value.
	
	Autocorrelation function

	
	without insiders
	with insiders

	1
	  0,884
	  0,816

	2
	  0,748
	  0,669

	3
	  0,601
	  0,526

	4
	  0,448
	  0,383

	5
	  0,295
	  0,241

	6
	  0,145
	  0,103

	7
	  0,004
	–0,026

	8
	–0,124
	–0,142

	9
	–0,234
	–0,241

	10
	–0,321
	–0,319

	11
	  –0,38
	–0,369

	12
	–0,406
	–0,386


The fact that adding insiders to the model diminishes the short-term autocorrelation contradict with our expectation that returns on developing stock markets where the insiders trading is more likely to exist will exhibit high autocorrelation. However, developing stock markets could be characterized not only by existence of insider trading, but also by poor development of information diffusion channels. Therefore it seems plausible to take the information diffusion parameter z higher while keeping the number of insides constant (20% as we assumed). 

Now let us take information parameter z equals to 12, as before, and 18. We expect that the newswatchers slower information diffusion together with insider trading will lead to higher short-run autocorrelation. Indeed, from Table 2 we see that autocorrelation function of prices in the markets with insiders and given the information diffusion parameter z equals to 18 is higher than the autocorrelation function in the markets with the same share of insiders and z equals to 12. 

	Table 2.
	Autocorrelation functions of prices in the markets with insiders with different paramenters of information diffusion


	
	Autocorrelation function

	
	with insiders and z = 18
	with insiders and z = 12

	1
	0,824
	0,816

	2
	0,685
	0,669

	3
	0,558
	0,526

	4
	0,435
	0,383

	5
	0,313
	0,241

	6
	0,194
	0,103

	7
	0,079
	–0,026

	8
	–0,029
	–0,142

	9
	–0,13
	–0,241

	10
	–0,221
	–0,319

	11
	–0,292
	–0,369

	12
	–0,342
	–0,386


This result help to explain the observation that daily returns on developing stock markets often exhibit high autocorrelation, whereas the returns in long existing securities markets, such as US and UK, show very little linear serial dependence in the last two decades. We may suppose that the developing markets could be characterized by slower information diffusion than the developed ones; and because of this they could have higher short-term autocorrelation. 

In the Fig. 2 we allow the information diffusion parameter z to be increase to 18 (before it was 12 months) keeping other parameters the same. The slope of the cumulative impulse response function with higher information diffusion parameter is lower. That is why the slower the newswatchers are to figure things out, the slower the response of prices to the news, the less active is the momentum trading. 

[image: image18.wmf] 

0

,

0000

 

0

,

2000

 

0

,

4000

 

0

,

6000

 

0

,

8000

 

1

,

0000

 

1

,

2000

 

1

,

4000

 

1

 

3

 

5

 

7

 

9

 

11

 

13

 

15

 

17

 

19

 

21

 

23

 

25

 

27

 

29

 

31

 

33

 

Lags

 

Price

 

Momentum traders

 

+

 

newswatchers

 

Insiders

 

Momentum traders + newswatchers (80%) + insiders (20%)

 

Momentum traders + newswatchers (50%)

 

+

 

insiders (50%)

 


Fig. 2. Cumulative impulse response with insiders 
and with different parameters of information diffusion
The momentum traders’ horizon takes value 12. The information diffusion parameter z takes on values 12, 18. Insiders are a cumulative impulse response if in the market there were only insiders. The risk tolerance gamma is 1/3.
The existence of two peaks on the impulse response function with the information diffusion parameter z equals to 18 is explained by the our assumption that it is higher than the momentum traders’ horizon which equal here to 12. After 12th lag the momentum traders thing that they are late in the circle of the momentum trading and it is time to sell causing price to fall a little. However, newswatchers have not incorporated positive unit innovation in their demand for an asset yet, that is why they continue to buy stocks leading price to go up again. After they completely incorporate the news into their forecasts, the price goes down to its long-run value. This mistake in the period of overshooting influences trading of later generations of momentum traders and causes the same pattern in the time of the underreaction.
4. Conclusion
Thus, in our paper we have shown that the existence of the insiders in the market does not eliminate the effects induced by other less informed traders. All the key qualitative results about the dynamics of prices continue to apply after insiders’ trading was incorporated in the model. In particular, there is always underreaction, in the sense that prices change by less than the long-run equilibrium. There is always overreaction, in the sense that initial reaction of prices in the direction of the fundamentals is accelerated. On the other hand, we have shown that prices in the market with insiders tend to return to its long-run equilibrium faster than without them. Due to our assumptions in the model the fact that the price in our setting reaches its fundamental value faster does not help the speed of information diffusion among the newswatchers population. 

Another appealing result is the following: adding insiders in the market diminishes the returns of other traders. In the example there were shown that while there are only 20% on insiders in the total investors’ population, not taking into account the momentum traders, they get more than a half of the total possible profit. 

However, after introducing insiders in the model the short-run autocorrelation is lower in absolute value. Based on these results we argue that altering the portion of insiders on the market, which may occur, e.g. due to retreat of ordinary small investors from the stock market, can decisively change the autocorrelation pattern of returns.

On the other hand we found that keeping the insiders trading the same and decreasing the information diffusion the short-term autocorrelation increased. This has a good implication for emerging markets where there could be both insider trading and slower information diffusion. Our model nicely explains why in Russia, Brazil, India and China (BRIC counties) and in other developing markets daily returns often exhibit high autocorrelation.
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