The return pattern difference and volatility surface difference of dual-listed Chinese company between Chinese and the U.S. market
by

Minghao Chi
An honors thesis submitted in partial fulfillment

of the requirements for the degree of

Bachelor of Science

Business Honors Program
NYU Shanghai
May 2019
Professor Marti G. Subrahmanyam

Professor Yiqing Lu

Professor
Marti G. Subrahmanyam
Professor Shuang Zhang
Faculty Advisers



Thesis Adviser



Abstract


Some companies are both listed in the Chinese mainland as A share, HK as H share and the U.S. as American Deposit Receipt (ADR). These securities have the same underlying asset, which may be an international corporation based in China. Therefore, the return pattern of these securities may be highly correlated. Most importantly, some companies that are dual-listed in HK stock exchange and the U.S. stock market (NYSE/NASDAQ), have two kinds of equity options at both markets. Currently, there is no equity option in Chinese Mainland, but in HK market, the equity options are active enough to compare with the ADR equity options. We will investigate the implied volatility surface of these equity options. The key questions are: What is the difference between the implied volatility of the equity options on the same company? What are the causes of these differences embedded in the two markets?

This research contains two part: 
· Part 1, Return pattern discovery. Finding out the correlation between the return of the ADR and Chinese A share. 
· Part 2, Implied Volatility research, discovering the difference pattern between implied volatility surface of the equity options on a same company. 
For part 1, a majority of the equity pairs of the same company has a correlation between 0.6-0.8. For part 2, the implied volatility surface of both HK and US market are steep when the option is about to expire. This is caused by the jump effect of implied volatility surface. When you compare the two implied volatility surface difference, the 
Part 1, Return pattern discovery.
1.1, Data Description:

Based on the data collected from Wind Terminal, there are 43 companies that once were dual-listed both in Chinese A share or H share and U.S. Among the 43 companies, 10 companies has already quitted ADR by 2018. See Table 1 for the list of companies: 
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Table 1, List of dual-listed Chinese companies.
 Green marks are companies that are triple listed, in China Mainland, HK and in the U.S. The yellow Mark are companies that quit from the U.S. market. It should be noticed that some companies are only listed in 
To discover the return pattern, the time series of stock returns are downloaded from Wind and Bloomberg Terminal. The data contains the daily return of the following stocks between 2017-10-09 and 2018-09-28. 
1.2, Literature Review

According to the arbitrage pricing theory, returns of ADRs should approach to returns of their underlying stocks, considering the transaction costs and risk factors. Therefore we could expect that the return of Chinese equity and ADR should be highly correlated. Kutan, Ali M., and Haigang Zhou argue that underlying, local and host markets all are important predictors of Chinese ADRs returns. In terms of conditional volatility, only underlying markets have a significant impact on the volatility of the ADRs (Ali M. & Zhou 2005). Karolyi and Stulz show that trading location should not affect stock returns if International Financial Markets are integrated (Karolyi & Stulz 2003). However, in Wang et al’s journal, they find that China ADRs’ returns are affected more by the US market fluctuations than by Chinese market returns. They interpret the results as suggesting that the international financial markets are not integrated and country-specific investor sentiment affects stock prices. (Wang et al 2013). In this research, the pattern of return of dual-listed Chinese companies will be investigated specifically. The main focus is the companies that are either both listed in China mainland and the U.S., or both listed in HK and the U.S.

The Dataset for this research is relatively small. That is to say, the number of dual-listed Chinese companies are relatively small. Previous researchers have already noticed this issue and indicated it in their reviews. They have already collected the list of companies that are both listed in the Chinese market as well as in the U.S. one. Even though some of the researchers are not investigating into the pricing difference between two markets, the dataset in the literature will still be a support for the accuracy of our dataset. He et al. discover that, even though most ADRs are traded both in the underlying company’s home market and the U.S. market, a significant number of Chinese ADRs are trading only in the U.S. market. By the end of 2009. 77 exchange-listed Chinese ADRs only have 18 ADRs also listed in the Chinese market (He et al 2012). Liu et al collected data from 2001 to 2012, found it that among the 409 cross-listing Chinese companies, the majority of them are listed on HK market, and only 33 are on NYSE (Liu et al 2017). These literature reviews show that it is not common for Chinese companies to issue equity both in China and in the U.S. From another perspective, these literature reviews support that it is natural for our dataset to be small since it is the fact that Chinese companies, or even HK companies seldom have ADR in the states. 
1.3, Methodology and data
Based on the return time series of the ADR, HK equity share and Chinese A share, we can calculate the Pearson correlation of the return of the stocks between 2017-10-09 and 2018-09-28. For every company, there will be one or three pairs of correlations. If a company has only Hong Kong equity and ADR, then there is only one pair of correlation. If a company has Hong Kong, Chinese A share, and ADR, then there are three pairs of correlation. This is a general reflection on the correlation of equity return between the markets. 
The following table shows the correlation of the pair of equity. :
	<0.5
	0.5-0.6
	0.6-0.7
	0.7-0.8
	0.8-0.9

	15
	14
	14
	23
	2
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Table 2. the distribution of the correlation of the pair of equity, comparison between the same daily return for Chinese/HK and return for US market.

We notice that there is the jet-lag between Chinese/HK market and US market. The market in China and HK will open about 12 hours earlier than the market in the states. Therefore, the information transaction between the two markets should consider the time zone effect. In order to solve this problem, we compare the correlation of the return of Chinese/HK equity at T = 1 with the US ADR at T = 0, this will also make the return correlation more robust. For example, for the return of China Life Insurance, we compare the return of June 4th 2018 of its Chinese A share with the return of June 3rd of US ADR return.
The following table shows the correlation of the pair of equity.
	<0.5
	0.5-0.6
	0.6-0.7
	0.7-0.8
	0.8-0.9

	10
	17
	16
	24
	1
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Table 3. the distribution of the correlation of the pair of equity, comparison between the shifted daily return of Chinese/HK market and the return of US ADR
1.4 Result and Analysis
1.4.1, the general correlation picture
The result of part 1 indicates that there are some frictions in the market between the states and Chinese/HK market. This might be caused by transaction cost, information asymmetry, and etc. 

If the stock return are 100% correlated or even perfectly overlapped, then we can expect that the markets are very smooth and efficient. Therefore we may expect that the implied volatility surface differences of the options will be quite similar as well. The current data show that many companies still have pretty high correlations between different markets. Here are the sample correlations below: 
	China Life Insurance Co Ltd
	601628.SH
	LFC.N
	2628.HK

	
	1
	0.40269
	0.541

	
	0.40269
	1
	0.64

	
	0.541
	0.64
	1


	China Telecom Corporation Limited
	0728.HK
	CHA.N

	
	1
	0.766

	
	0.766
	1


	China Unicom (Hong Kong) Limited
	CHU.N
	0762.HK

	
	1
	0.758

	
	0.758
	1


	China United Network Communications Ltd
	600050.SH
	CHU.N
	0762.HK

	
	1
	0.3935
	0.367

	
	0.3935
	1
	0.75

	
	0.367
	0.75
	1


	Guang Shen Railway
	601333.SH
	GSH.N
	0525.HK

	
	1
	0.546
	0.637

	
	0.546
	1
	0.85

	
	0.637
	0.85
	1


	China Mobile LTD.
	0941.HK
	CHL.N

	
	1
	0.6987

	
	0.6987
	1


Table 4, individual company correlation (without jet-lag consideration)

Almost every correlation, as shown above, is more than 0.5. Some of the correlations of the time series between the markets are more than 0.85, which means the stock return at different markets are highly correlated. 
If we consider the jet lag, the below table is the correlation between Chinese/HK daily return (T = 1) and US ADR equity return (T = 0). We may notice that the correlations is still very high. They slightly changed but they are of the similar level.
	China Life Insurance Co Ltd
	601628.SH
	LFC.N
	2628.HK

	
	1
	0.50223
	0.441

	
	0.50223
	1
	0.62

	
	0.441
	0.62
	1


	China Telecom Corporation Limited
	0728.HK
	CHA.N

	
	1
	0.632

	
	0.632
	1


	China Unicom (Hong Kong) Limited
	CHU.N
	0762.HK

	
	1
	0.742

	
	0.742
	1


	China United Network Communications Ltd
	600050.SH
	CHU.N
	0762.HK

	
	1
	0.3145
	0.359

	
	0.3145
	1
	0.71

	
	0.359
	0.71
	1


	Guang Shen Railway
	601333.SH
	GSH.N
	0525.HK

	
	1
	0.541
	0.529

	
	0.541
	1
	0.82

	
	0.529
	0.82
	1


	China Mobile LTD.
	0941.HK
	CHL.N

	
	1
	0.6683

	
	0.6683
	1


Table 5, individual company correlation (with jet-lag consideration)
1.4.2 individual correlation 
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For individual company, the above picture clearly showed the high correlation between the companies. Also, it could be noticed that the return volatility in Chinese A share and HK H share is higher than the volatility of US ADR daily return. This is a natural result since the market efficiency in China is weaker than the market efficiency in the US. With more irrational investors, it is more likely for the market in China to be more volatile compared with the one in the US.
Part 2, Implied Volatility Research
2.1, Data Description:
Among the companies that are dual-listed, not all the dual-listed companies have complete data in terms of US and HK option market. Some of the companies actually does not have the option, either in US, or in HK or even both. The below table shows the number of companies that have both US and HK options, only US ADR options, only HK equity options and neither.
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Table 3, the summary of the number of companies having equity options.
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Table 4, the category of the companies having equity options.
Based on the data above, we will calculate the implied volatility surface of the equity options for each individual company. If a company does not have equity option either in the states and in China, it will be skipped. The companies that both have equity option in US and equity option in HK will be compared in terms of implied volatility surface.
2.2, Literature Review
Parchi Deuskar et al. discover the liquidity effect in OTC options markets. The result suggests that the effect of liquidity on asset prices cannot be generalized without regard to characteristics of the market. When they are interpreting the moneyness of the options, they use log moneyness ratio to express the moneyness of the options. This research will use the same log-moneyness ratio to describe the moneyness of the options.
Prachi Deuskar et al. discover the economic determinants of interest rate option smiles, and the liquidity effect on implied volatility surface. They estimate various functional forms for volatility smiles using pooled time-series and cross-sectional ordinary least squares regressions. “The most common functional forms for the volatility smile used in the literature are quadratic functions of either moneyness or the logarithm of moneyness.” In this research we will use the similar quadratic function to estimate the implied volatility surface.
2.3, Methodology and Data -- Calculation of Implied Volatility Surface
2.3.1, Construction of implied volatility surface for individual equity option
The implied volatility surface of the ADR option and the HK equity option, has two axis: 1, the axis of Log Moneyness Ratio
2, the axis of Maturity

The calculation of LMR is using the following formula:

LMR = Log(Underlying Stock Price/Strike Price)
However, the implied volatility surface may not be complete. That is to say, some part of the implied volatility surface is missing. Therefore, I decide to use the polynomial of degree 2 to interpolate the implied volatility surface. 
The data is collected on Feb 14th, therefore, I choose to mark  the stocks at the price of the date Feb 14th. That is to say, the Log Moneyness Ratio (LMR) is calculated based on the stock price of Feb 14th. In ideal case, the implied volatility surface should be dynamic because the stock price is keeping changing, and thus the LMR is changing as well. However in our research, we use the fixed underlying price on Feb 14th to simply the problem.
2.3.2, the comparison between implied volatility surface
In Hong Kong market, the equity option is expired at the end of the month. In the U.S. the equity option is expired at the middle of the month. Therefore in order to make the implied volatility surface comparable, the implied volatility surface should be matched together. That is to say, the date of the implied volatility surface should be matched and interpolated as a complete implied volatility surface. The below pictures are the example of China Petro. As you may see, in the first picture, the call and put options in US market will expire in the middle of the month. In the second picture, the call and put options in HK market will expire in the end of the month. Therefore, we not only interpolate the IVS(implied volatility surface) in the axis of LMR using a polynomial of degree 2. We also interpolate the IVS in the axis of Maturity using a polynomial of degree 2. For example, the China Petro, PTR US Equity option IVS will also have implied volatility value on the date Nov-29-18 even though the ADR option expires in the middle of the month.
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2.3.3 Result and Analysis
For HK market equity option, it could be noticed that the implied volatility surface is very high at the dates that are close to expiration, and will be even higher for the deep in the money options. As you can see in the below picture, the implied volatility surface for China Unicorn HK equity option, and the implied volatility surface for China Mobile Communication HK equity option, has a sharp edge at the right hand side of the surface.
For the below picture, the axis that has values close to 0 is the axis of LMR, and another axis as the base is the expiration date. The expiration date can be calculated by the expiration date – 2019 Feb 14th but to make the expiration date more clear, I preserve the expiration date without the subtraction calculation. The remaining axis is the implied volatility marked using different colors.
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For the US ADR option, it could be noticed that the implied volatility surface is also very high at the dates that are close to expiration, and will be even higher for the deep out the money options.
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The next step is to compare the implied volatility surface of the same company, we take China Mobile Communication as an example:
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For the same company China Mobile Communication. We may observe the implied volatility surface difference between the two markets. In general they preserve the characters of the individual implied volatility surface of HK and US market. 
3. Conclusion:
Pattern 1: For both HK market and the US market, the implied volatility surfaces are quite high for the option that are at the edge of the implied volatility surface, that is to say, the implied volatility will be high for the options that are deep in the money/deep out of the money, and is about to expire in general sense.

The result is coincide with the intuition. In fact, if the original implied volatility curves without interpolation are very flat, then it is impossible to have a curve since the polynomial interpolation will still give you a flat line.

Pattern 2: Almost every company has high implied volatility for the options that is deep out of the money and is about to expire. This is caused by the volatility jump effect close to the expiration date.
Comparison between the two implied volatility curve

As I have mentioned there are only 8 companies that are dual-listed, such as China Mobile, China Petro, and so on. China Unicorn, HSBC, and so on. The US option is even more likely to have the high implied volatility near the expiration. Also, generally speaking, the implied volatility of the US ADR is higher than the implied volatility of HK equity option.
4, Improvement: the problem of interpolation
The interpolation may cause extremely high value at the edge of the IVS, if the implied volatility increases a lot in a very close gap of LMR. This is the shortcoming of polynomial interpolation since it will increase the implied volatility surface quadratically.
For example, for the stock 0001.HK CK Hutchison Holdings, the implied volatility is extremely huge at the edge of the surface. Although this is the only company that has this problem, this is still very strange.
[image: image17.png]A B C

20190227 20190327
-0.38712 5254457 193.1557
-0.34266 4321769 147.2936
-0.3001 351.7306 109.9764
-0.25928 282.7056 80.24231
-0.22006 223.8928 57.26343
-0.18232 1742432 40.32271
-0.14595 1328421 28.79618
-0.11086 98.8885 22.13832
-0.07696 71.67736 19.87016
-0.04417 50.58611 21.56944
-0.01242 35.06273 26.86253
0.018349 24.61605 35.41769
0.048202 18.80767 46.93939
0.07719 17.24501 61.16355
0.105361 19.57558 77.85355
0.132759 25.48198 96.79678
0.159428 34.67768 117.8017
0.185403 46.90339 140.6954
0.210721 61.92395 165.3213
0.235414  79.5256 191.5376
0.259511 99.51365 219.2151



The implied volatility is 525 at the edge of the surface
Also, since the sample size is relatively small, and different companies may have different situation. Therefore if some extreme cases happen on one single company as have stated above, this may influence the observation of the general pattern more seriously than a research based on hundreds or thousands of observations. This may affect the robustness of the implied volatility surface research part.
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