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Abstract
	This research aims to investigate whether liquidity is a key determinant in the pricing of China’s corporate bond. I will focus on corporate bonds that are traded in the exchange bond market. According to past literature on asset pricing, there are many factors that influences bond pricing, including bond characteristics, interest rate, yield curve etc. Meanwhile, the breakout of financial crisis (such as the 2008 global crisis) makes scholars pay attention to the impact of liquidity on bond pricing. In this paper, I use the daily transaction data of corporate bond (obtained from the Wind Terminal), covering the period from January 2013 to December 2017. In particular, I employ a range of liquidity proxies and study to what extent liquidity effects can explain corporate bond yield spread through regression analysis. The finding is that a basic model with bond characteristic variables already captures a large part of the variation in corporate bond yield spread and further adding more liquidity proxies does not improve R2 much.
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[bookmark: _Toc513653933]I. Introduction
[bookmark: _Toc513653934]1.1       China’s Overall Bond Market

China’s bond market is divided into two categories: Interbank Bond Market and Exchange Bond Market. These two markets differ from each other in the following ways:
i) Market Participants: The Interbank Bond market is an over-the-counter (OTC) market, in which the market participants are institutional investors such as banks, non-bank financial institutions and corporates. The investors in Exchange Bond Market, including Shanghai Stock Exchange and Shenzhen Stock Exchange, are nonbank financial institutions, non-financial institutions and individual investors.
ii) Types of Instruments Traded: In the Interbank Bond Market, the following types of instruments are traded: Government Bond, Local Government Bond, Central Bank Bill, Commercial Paper, Corporate bond, Financial Bond, Medium-term Notes, Supranational Bond, Asset-back Securities and Agency Bond. The Exchange Bond Market has fewer types of instruments available, which includes Government Bond, Local Government Bond, Corporate bond, Corporate Bond, Convertible Bond, Financial Bond, Asset-back Securities and Agency Bond.
iii) Trading Rules: Transactions in Interbank Bond Market are carried out by ways of inquiries, which involves market makers who provide bilateral quotations. Bonds are quoted in clean price while transaction are settled in dirty price. In Exchange Bond market, bond transactions are matched through centralized computer system, just like stocks. Transactions are settled in clean price only.
A general comparison between the two different bond markets are provided in Figure 1.
Since year 2011, China has been further opening its Interbank Bond Market to foreign institutional investors. We can see that the government gradually allows more qualified foreign institutions to invest in the Interbank Bond Market, and meanwhile, has reduced the transaction amount limit and simplified transaction process.
Whether in terms of issue amount or trading volume, the Interbank Bond Market accounts for more than 90% of the overall bond market. However, the Corporate Bond Issuance and Trading Regulations, file No. 113 (公司债券发行与交易管理办法, 中国证券监督管理委员会令第113号) released by CSRC(China Securities Regulatory Commission) in January 2015 greatly promoted the development of corporate bond market. The No.113 file lowers the limits on issuer, offering methods and offering period of the corporate bond; simplifies the approval procedure for corporate bond. More importantly, the change of regulations allow many unlisted companies to issue corporate bond in the exchange market, which helps these companies lower their financing cost. 

[bookmark: _Toc513653935]1.2       Corporate Bond Market

In China, corporate bonds are bonds issued by limited liability companies and joint stock companies. Corporate bonds are listed and traded in exchange bond market only. It is important to distinguish corporate bond from corporate bond. Corporate bonds are bonds issued by institutions under the central government, state-owned enterprises and state-holding enterprises. The capital raised from corporate bond are mainly used for fixed asset purchase, technological innovation and investments in projects that are approved by the government.
The amount of corporate bond issuance greatly increased after the release of No.113 file in January 2015, which pushed forward the development of the exchange bond market. Figure 2 illustrates the issuance statistics of the corporate bond market from 2013 to 2017. It is worth noticing that after the rapid growth of corporate bond market from 2015 and 2016, the issuance amount experienced a large decline in 2017. There are two main reasons for the decline. First, under the deleveraging policy, the regulators put great emphasis on straightening out the debt. Second, according to the arrangement of CSRC, the exchange markets upgraded the qualification for corporate bond issuer. Despite the fluctuation in issuance statistics, from Figure 3, we observe that the yearly trading volume keeps increasing from 2013 to 2017.

[bookmark: _Toc513653936]1.3       Recent Crisis in China’s Bond Market

Ever since the financial crisis in 2008, there have been various fluctuations in the stock market. The stock market crash in 2015 again greatly influenced the liquidity in the financial market, and investors have also been paying attention to similar problems in the bond market. From 2015 to 2016, a wave of defaults hit China’s Bond Market. According to the 2016 China Financial Stability Report (中国金融稳定报告2016) released by People’s Bank of China, there were 18 bond defaults in the overall bond market, with a total default amount larger than 10 billion RMB. 12 out of 18 bonds defaulted are corporate bonds, with an aggregated default amount of 3.55 billion RMB. The trend of bond default grew even stronger in 2016, with 65 bond defaults and a total default amount of 39.9 billion RMB. One possible explanation is the increasing credit defaults around the globe imposed negative overflow effect onto China’s bond market. A second explanation is the slow down of economic growth leads to weak demands. A third possible explanation for the default has to do with the idea of “Cutting Excessive Industry Capacity” proposed by the central government, which is aimed to solve the oversupply problem in the economy, particularly in traditional manufacturing industries such as steel industry and cement manufacturing industry. With stricter financing regulations, these companies start to experience operational difficulties.

[bookmark: _Toc513653937]II. Literature Review
[bookmark: _Toc513653938]2.1       Liquidity and Asset Pricing

	Amihud and Mendelson (1986) is the first to study the impact of bid-ask spread on asset-pricing, which sets a strong example for studying role of liquidity in asset pricing. Their study shows that higher yield is required on higher-spread stocks, thus increasing of liquidity will cause the stock price to increase. A few years later, Amihud and Mendelson (1991) further show the negative relationship between illiquidity and asset pricing and argue for the importance of liquidity in an effective market. The empirical finding that illiquidity premium is partly represented in the expected stock return is suggested by Amihud (2002), and furthermore, there is negative correlation between stock returns and contemporaneous unexpected illiquidity. For the literature on OTC market, Duffie, Garleanu and Pederson (2007) show that illiquidity discounts are higher when there is difficulty in finding counterparties, less bargaining power owned by sellers, lack of qualified owners or demand in risk aversion. 
	In the more recent literature, Friewald, Jankowitsch and Subrahmanyam (2012) is a comprehensive study on the liquidity effects in the US corporate bond market. The main goal is to study whether liquidity is important in the pricing of US corporate bond market. They have found out that liquidity effects can explain 14% of the variation of the corporate yield spread changes. As their data covers the period from October 2004 to December 2008, they also conclude that the impact of liquidity measures is much larger in periods of crisis.

[bookmark: _Toc513653939]2.2       Liquidity and Bond Pricing in China’s Bond Market

There are a few papers studying the pricing of corporate bonds in respect to liquidity risk factors. Some early studies focus on the stock market and bond market’s liquidity spillover effect. Wang and Wen (2010) provides evidence of liquidity linkage between stock and government bond markets in China. They show that shocks in macroeconomic environment are transferred from one market to another. The following papers more directly study the liquidity effects on corporate bond pricing by employing liquidity risk factors. He and Shao (2012) investigates the effect of liquidity risk on China’s corporate bond yield spread, covering the period from April 2007 to September 2009. This empirical study shows a positive correlation between illiquidity and corporate bond yield spreads (in the exchange market), with the correlation significantly enhanced during the subprime crisis. However, the study only uses a variation of the Amihud Measure instead of a wide range of liquidity proxies. Another paper Wang and Wen (2016) compares the effect of liquidity risks on the pricing of corporate and corporate bonds. This study does include three liquidity measures as explanatory variables in the regression analysis, but there is no statistics on trading activity variables such as trading volume and interval. In addition, there is no discussion on selection of data while data filtering is essential for reaching a solid conclusion.
My study focuses on employing a wide range of liquidity proxies that have been proved suitable for U.S. bond markets. As my data covers the period from 2013 to 2017, I hope to shed light on corporate bond pricing in China’s market based on longer-period observation. 








[bookmark: _Toc513653940]III. Methodology

This research aims to measure the liquidity effects on corporate bond pricing. I will use regression analysis to examine whether liquidity is a key determinant in the pricing of corporate bonds traded in the Exchange Bond Market.
The following sections lists the definition of dependent and independent variables as well as the regression model I will use in this study. I am taking weekly averages of all variables instead of directly using daily quotes. For variables that are large in value, I change the scale of these variables to make the regression result more readable.

[bookmark: _Toc513653941]3.1       Dependent variable: bond yield spread

Corporate bond yield spread is defined as the yield differential compared to that of a risk-free benchmark. In this study, I will use government bond with a maturity equal to that of corporate bond as a risk-free benchmark. 

[bookmark: _Toc513653942]3.2       Explanatory variables: bond characteristics, trading activity variables and liquidity measures
a. Bond characteristics
There are a few bond characteristics that can be used as proxies for bond liquidity, including maturity, age, coupon rate and bond ratings. Bonds with longer time to maturity are less liquid because they are often held by investors who do not trade very frequently. Bonds with higher coupon rate are expected to be less liquid. Bonds that are newly issued are considered to be more liquid. Bonds with higher ratings are considered to be more liquid.
b. Trading activity variables
The following trading activity variables will be considered: trading volume and trading interval. Trading interval is defined as the number of days elapsed since last time the bond is being traded. Generally, we expect bonds that are traded more frequently to have higher liquidity.
c. Liquidity measures
There are a few well-known liquidity measures established by previous scholars. However, while some of these concepts work well in U.S market, it could be hard to apply these measures to China’s corporate bond market due to lack of data. This research shall only incorporate measures that are applicable to China’s corporate bond market data. The following liquidity measures will be considered in this research.
i.  Amihud illiquidity measure (ILLIQ), proposed in Amihud (2002). The ILLIQ is a measure that is originally used to measure illiquidity in the stock market. This measure can be obtained from daily transaction data on returns and trading volume over long periods of time, which is suitable for studying the time series of liquidity. ILLIQ is defined as the average ratio of the daily absolute return to the trading volume on that day. ILLIQ is defined as:
 
 is the number of transactions days every week (month),  is the daily return,  is the daily trading volume. A larger ILLIQ means that bond price moves more under a given trading volume, which implies lower liquidity.
ii.  Price dispersion measure, introduced by Jankowitsch, Nashikkar and Subrahmanyam (2011). The idea is to measure the dispersion of traded price around the market-wide consensus valuation. A low price dispersion means that the bond are traded around its fair value, which implies high liquidity. Price dispersion measure is defined as:

 and  are the  observed traded prices and corresponding trading volumes. is the market-wide valuation for that day. 

[bookmark: _Toc513653943]3.3  Cross-sectional Regression Model

	
where i stands for a specific model and t is a particular week.
I run this regression after calculating weekly average of all variables from daily data. The coefficients here are estimated by Fama-Macbeth regression method. T-statistics are calculated after correction for serial correlation in the error term.









[bookmark: _Toc513653944]IV. Data
[bookmark: _Toc513653945]4.1       Data Description

	Two major datasets are used in this study: 1) Corporate bond daily quotes from the WIND Terminal. 2) Government daily spot rate curve from the WIND Terminal.
Both datasets cover the period from January 2013 to December 2017. Corporate bond daily quotes dataset includes daily transaction data, but it is worth noticing that it does not include trade by trade data. Instead, the WIND Terminal provides daily summary information for each bond traded on a particular date: clean price (open, high, low, closing and weighted average), dirty price (open, high, low, closing and weighted average), yield to maturity (open, high, low, closing), time to maturity, bond rating and coupon rate. Government bond daily spot rate curve is used when calculating corporate bond yield spread because government bond yield is used as risk-free benchmark. As weighted average yield is not available in the data set, here I use closing yield as an approximation.
The government daily spot rate dataset provides daily government bond spot rate data, with a maturity ranging from 0 to 10 years.

[bookmark: _Toc513653946]4.2       Data Filtering and Data Processing

	Originally, we have 215735 observations in the whole data set, covering the period from January 2013 to December 2017. The following data filtering and processing steps are taken.
i. As the government daily spot rate curve can only give us the spot rate up to 10 years, transactions that involve bonds which have a time to maturity longer than 10 years are filtered out. 
ii. After calculating the yield spread for each transaction record, keep only records whose yield spread is between 1% and 99% quantile. Removing extreme values (possible outliers) will help us produce a more reliable regression model. 
iii. To calculate liquidity measures, we do require a certain degree of trading frequency. Bonds that are not traded frequently need to be excluded from the dataset. For each bond, its average weekly trading frequency has to be at least 2 times per week. Average weekly trading frequency of a bond is defined as total days being traded divided by number of weeks in its trading period. Trading period is defined as the number of weeks elapsed from the first time a bond appears in the dataset to the last time a bond appears in the dataset. After filtering out not frequently traded bonds, we require 3 trades per week for us to calculate liquidity measures. 
iv. The independent variable Ratings is originally a categorical value. To include Ratings in the regression, we need to transform it into a numeric value. There are 19 possible values for Ratings: "AAA", "AA+","AA", "AA-", "A+", "A", "A-","BBB+", "BBB", "BBB-", "BB+", "BB", "BB-", "B+", "B", "B-", "CCC", "CC", "C". We assign numbers to each rating level, i.e., "AAA" = 0.5, "AA+" = 1, etc. 
v. The independent variable Volume is originally quoted in the unit of 10K. We rescale the unit of this variable to be 1 million.
vi. For the purpose of calculating liquidity measures, we calculate weekly average values for each bond. Up to this point, we have 19801 observations in the data set, including 227 unique bonds.

[bookmark: _Toc513653947]V. Empirical Results
[bookmark: _Toc513653948]5.1       Descriptive statistics

	The following Table 1 summarizes some descriptive statistics based on our data set of 260 bonds being traded during the period from January 2010 to December 2017. The summary statistics include percentiles (25th, 50th,75th), mean and standard error. We can see that among all the variables, Amihud Measure has the largest standard error while Volume has the second largest standard error. (It is worth noticing that I have rescaled the variable Volume to make sure its unit is 1 million and since the calculation of Amihud measure involves dividing by Volume, it can result in a large standard deviation of the variable Amihud measure.
Table 1
	Variable
	Yield Spread
	Maturity
	Age
	Coupon
	Ratings
	Volume
	Interval
	Amihud
	Price Dispersion

	1st quarter
	2.18
	1.87
	1.41
	5.60
	1.0
	6.57
	1.71
	1.76
	0.0014

	Median
	3.28
	3.00
	2.30
	6.40
	1.50
	18.69
	1.46
	7.06
	0.0076

	3rd quarter
	4.25
	4.06
	3.57
	7.20
	1.50
	43.36
	2.0
	50.20
	0.0361

	Mean
	3.38
	3.06
	2.52
	2.53
	1.26
	37.996
	1.83
	120.82
	0.2004

	Standard Error
	1.60
	1.52
	1.47
	1.13
	0.56
	67.30
	1.55
	310.70
	1.14




	The following Table 2 presents the correlation matrix of all independent variables. From the table, there seems to be no observation of strong multicollinearity.
Table 2
[image: Screen%20Shot%202018-04-16%20at%2000.50.48.png]
[bookmark: _Toc513653949]5.2       Regression Result

Table 3 summaries the result of the regression model.  The finding is a large part of data variation can be explained by the model, indicated by an R2 of 64.83%. All independent variables have a statistically significant level of 0.001 except for the variable Volume has a statistically significant level of 0.1. The coefficients verified some of the previously stated arguments: bonds with longer maturity are less liquid; bonds with higher coupon are less liquid; bonds with higher ratings are more liquid. However, the signs of some coefficients before some independent variables are unexpected. We expect newly issued bonds to be more liquid, but the sign of coefficient for Age is negative, which means newly issued bonds even have higher yield spread. There are similar issues with the following variables: Volume, Interval and Amihud Measure. 

Table 3
[image: Screen%20Shot%202018-04-16%20at%2001.01.48.png]

	To further investigate the effect of liquidity proxies, let us look at two other regression models with less independent variables included: 1) a regression model that only includes bond characteristic related variables (Maturity, Age, Coupon and Ratings), with the regression result shown in Table 4; 2) a regression model that only includes bond characteristic and trading activity related variables (Maturity, Age, Coupon, Ratings, Volume and Interval), with result summarized in Table 5. We can see that a model with only bond characteristic related explanatory variables already gives us an R2 of 60.74%. Adding trading activity related variables leads to an increase in R2 of 2.13%, which does not seem to be a significant improvement. Comparing results in Table 3 and Table 5, further adding liquidity measures will only increase R2 by 1.96%. 

Table 4
[image: Screen%20Shot%202018-04-16%20at%2014.15.17.png]

Table 5
[image: Screen%20Shot%202018-04-16%20at%2014.22.26.png]


[bookmark: _Toc513653950]VI. Conclusions

In this study, I have employed a wide range of liquidity proxies (including bond characteristics, trading activity variables and liquidity measures) to quantify the liquidity effects on China’s corporate bond yield spread. The result shows that the complete regression model stated in Section 3.3 an R2 of 64.83% in which most of the independent variables are statistically significant. A further investigation is done to quantify the liquidity effects for three different groups of liquidity proxies. The model with bond characteristic variables already gave us an R2 of 60.74%. Further adding trading activity variables and liquidity measures does not give us a big improvement in terms of R2 and the sign of coefficients in front of several variables are also counter-intuitive, which makes the model not very interpretable.
There are a few possible reasons why the complete model does not work so well: 
i) Limitation of dataset available: there is no trade by trade transaction data available. The dataset from the Wind Terminal only provides daily summary for a certain bond traded on the day it is traded. 
ii) Choice of liquidity proxies: The two liquidity measures chosen in this study require a certain degree of trading frequency. Amihud measure reflects the effect on return of a given trading volume, so we need to enough observations to quantify the effect. Similarly, Price Dispersion measure reflects dispersion of traded price around the market-wide consensus valuation and requires enough observations to calculate the value of dispersion. Although in the data manipulation process, bonds that are not traded frequency are filtered out, there is still not enough observations per week for each bond.
iii) Difference between US and China’s corporate bond market: China’s corporate bond market is developing rapidly, but it is still not a big or mature market. In addition, China’s corporate bond market is not fully open to foreign investors. There have also been empirical studies showing the weak correlation between China’s financial market and the global financial market. It is possible that models work well in the US market are not suitable for China’s corporate bond market.
[bookmark: _GoBack]Further research may be carried out to design liquidity measures and models that can better measure liquidity in China’s bond market.
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Figure 1:
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Figure 2: Issuance Statistics of Corporate Bond, 2013 to 2017 (Figure generated based on data obtained from the WIND Terminal)
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Figure 3: Aggregated Trading Volume by Year (Figure generated based on data obtained from the WIND Terminal)
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