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Introduction

The objective of this project is to replicate and discuss on the paper “Short-term market reaction after extreme price changes of liquid stocks”. In our study, we examine the price of liquid stocks after experiencing a large intraday price change using data from the NYMEX and NASDAQ. In accordance to what the paper said, we found significant reversal for both intraday price decreases and increases. Volatility and volume had increased sharply at the event and stayed significantly high for days afterwards. After which the volatility decays very slowly, in accordance to the power law. Short term contrarian profits could be yield, giving us insight onto the abonormal returns obtained from providing liquidity in a turbulent market.
Data and Methology

Firstly, we downloaded the NASDAQ and NYMEX intraday dataset. The studies in the paper were done about 2 decades ago. Given that, our primary objective in this report would be to validate the studies using up-to-date stock data. Instead of using NASDAQ and NYSE, we chose to replace NYSE with NYMEX to consider the option of extending the use of our results to a different type of underlying asset. Furthermore, based on the paper, it showed that NYSE had widened bid-ask spread, eliminating most contrarian profits that could be made, hence, we chose to use the NYMEX and NASDAQ.
Upon downloading our dataset, we filtered the data to obtain a suitable dataset for our research. We used a combined filter of 2 methods to define large intraday 15-minutes price change. We only take into account the data obtained from trading hours after 10am and before 4pm so as to avoid opening effects in our average and to ensure that we would be able to observe the after effects of the event within the intraday before the market closes for the day.
Filters
Firstly, we use the “Absolute Filter” to look for large intraday price changes of magnitude 2-6% within 10-120minutes. Based solely on this method, most events found generally occur during the extreme ends of trading day due to the U-shape intraday volatility distribution of prices. This is a regular intraday trading pattern and does not represent extreme events. Another problem to note would be that a volatile stock may fluctuate with a change of 2-6% on a regular basis and this does not indicate that an event has occurred. Hence, a 2nd filter would have to be implemented in order to get a more suitable dataset.

To use the “Relative filter”, we firstly need to calculate the average volatility for each time interval of the day. After which we compare this U-shaped intraday volatility curve with the average 30 pre-event days’ U-shaped intraday volatility curve. A price motion of 6-10 times the average volatility would be flagged as an event. This method should not be used alone as well. As price moves during noon hours are very small, it results in very low volatility, possibly close to zero. Hence, a small adjustment in price movements could be inaccurately flagged as an event. 

Hence, to eliminate the negative effects, we combine both filters and only take into account if both conditions are fulfilled. Upon the fulfillment of both filters, we define it as an event at time 0.
Average

After using both filters, we need to consider the average. We calculate the 1 minute volatility, 1 minute trading volume and the bid-ask spread and compare them against their corresponding average 60-minute data of the past 30days. This step is used to diminish the effects of the U-shape intraday pattern. The paper had proved that abnormal return and raw return do not differ significantly as market return on average is not high within an hour. Hence, we would be using only the raw returns to analyze our research and check our contrarian strategy for convenience. 
Empirical Results
Price reaction
We observed from our dataset, that significant rebound for transaction prices occurred 10-60mins after the event. The rebound appears to be faster for price increases and slower for price decreases. These price changes in absolute value are >4% and 8 times the average 60-minute volatility in the 30 pre-event trading days. To ensure no overlapping occurs, we made sure that events that were chosen are at least 60 minutes apart. Hence, only returns during a maximum time period of 60 minutes were calculated. 
Price robustness

The stability of the price reversal was also reviewed. From our dataset, we varied the parameters of both filters and tried the option of an additional filter, filtering the data based on increase in volume. Despite varying parameters and added filters, we observed that the phenomenon of overreaction remains consistent. In fact, the pattern observed showed that the more stringent the filters, the more extreme the event, and consequently the larger the rebound. 

The length of the price drop is another parameter we tested. We observed that the shorter the length, the less significant the price drop. This observation is consistent with the above, where we find that the more extreme the event, the larger the rebound. 

There are two reasoning for the rebound in pricing causing substantial returns. Firstly, the extra profit is regarded as a reward for providing liquidity in a turbulent market. Another idea is that this reward is a natural consequence of the coexistence of informed and uninformed traders in the market.
Given the above explanation, we can imply that there should be a linear relationship between the extremities of the price change at the event and the subsequent extend of the rebound. In fact, extreme price changes seem to give a tendency of reactions that are even larger than linear. This observation justifies the previous claim that the larger the price change, the larger the reversal.
Evolution of Volatility and Volume

From our results we also observe that the volatility and the volume increase sharply during events, up to 8 – 9 times its pre-event values. After which it decreases very slowly. According to the paper, the autocorrelation of volatility decays according to a power law with an exponent of -0.3. In fact, the more extreme the event, the larger the volatility decay. 
Contrarian Strategy

Ignoring transaction costs, significant profits can be achieved using the contrarian strategy. These profits are not only applicable to fast acting traders, even if one is 2 minutes late, significant amount of profit can still be achieved. One thing to note is that the amount of profit may be limited due to the limited shares available at the best bid-ask prices.  
Conclusion 
Dataset gathered from the NASDAQ and the NYMEX showed that significant overreaction was observed on the price of liquid stocks that have undergone a large 60 minute price change. In the first 30-60 minutes after the event, the overreaction observed was the most significant. This is confirmed by the stability analysis, which proved the consistency of the result regardless of the parameters used. An overview of the size of these premia and the speed which they’re realized can be seen from our empirical study. The size of the benefits for supplying liquidity seems to provide a hint to behavioral trading. Hence the few traders that are able to withstand the herd buying/selling pressure will get rewarded handsomely. 
We also observed that linear relationship seems to be in agreement with the data though a tendency to larger than linear reaction for large price movements cannot be excluded. Volatility and volume were shown to increase sharply at the event and decay slowly after that. 

Our contrarian strategy achieved significant profits from the price reversal. Exact profitability should be studied further by taking into account other sources of market friction. Apart from that investigations to whether these high returns are a just reward for providing liquidity in the turbulent market or whether it is due to irrationally acting traders should also be considered. 
