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Abstract

This paper empirically models China’s stock prices using conventional fundamentals:
corporate earnings, risk-free interest rate, and a proxy for equity risk premium. It uses the
estimated long-run stock price misalignments to date booms and busts, and analyses
equity market reforms and excess liquidity as potential drivers of these stock price
misalignments. Our results show that China’s equity prices can be reasonable well modelled
using fundamentals, but that various booms and busts can be identified. Policy actions,
either taking the form of deposit rate changes, equity market reforms or excess liquidity,
seem to have significantly contributed to these misalignments.

JEL code: G12; G18.

Keywords: China; Stock price; Equity market; Reforms; Liquidity.



Non-technical Summary

The stock market in China has been reported to have unique attributes that challenge
traditional asset pricing models and the theory of rationality. Some studies even argue that
China’s stock prices are driven by sentiment as much as by other factors. There is
surprisingly little evidence of the role of fundamentals as drivers of equity prices in China. This
study aims to assess to what extent a fundamental-based model can explain domestic stock
price movements in the Shanghai market. We use a modified version of the dynamic present
value model by Campbell and Shiller (1988), and follow the empirical implementation as in de
de Bondt (2008a and 2008b). The model considers three fundamentals: corporate earnings,
the risk-free interest rate and a proxy for the equity risk premium. We believe that these
fundamentals not only play a role for the stock price determination in developed economies,
but also in emerging economies with high degree of public intervention. Despite the regulated
interest rates and comparatively limited financial market development in China, there is
evidence showing that individuals react to the return on deposits (the risk-free asset)
and equity markets relative performance and risk perception. Therefore, we believe that this
‘rational’ approach is applicable to China.

We first estimate, using a vector error-correction model, the link between China’s
aggregate stock price index and earnings, the risk-free interest rate as captured by the
deposit rate, and a proxy for the equity risk premium. Based on the long-run stock price
misalignments derived from the estimates of the vector error-correction model, we then
date booms and busts using both a statistical and economic approach. The statistical
method defines a boom or bust as a realised stock price outside the one standard error of
regression. The economic definition is a stock price misalignment beyond 20%. In a second
stage, we examine whether there are some China-specific factors, such as equity market
reforms or excess liquidity in the financial system that could help to explain the deviations
of the stock prices from their fundamental values estimated using the dynamic stock price
model.

Our main finding is that the dynamic present value model fits reasonable
well to China’s stock prices and that China’s stock prices are mainly explained by the
fundamentals considered. This conclusion is robust across various proxies for the equity
risk premium. It also does not change if a non-parametric quantile regression framework
isused. The latter method offers a distributional robust method of modelling these
relationships. There are, however, periods where the stock prices have deviated substantially
from the fundamental-based estimates. We date two booms and two bust periods in China’s
stock market since April 1999. Finally, we present evidence that the policy actions by the
Chinese authorities either taking the form of stock market liberalization, low real interest
rates or positive excess liquidity seem to have significantly contributed to the formation
of booms in China’s stock market.
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1 Introduction

China’s financial system is undergoing a structural shift from a heavily regulated and almost
exclusively bank-based system to one with much greater diversity of segments, including
more developed stock markets [Charles and Darné (2009)]. Retained earnings and, to a
lesser extent, bank loans are generally still the main sources of financing of firms. In addition,
only a small fraction of Chinese, mainly state-owned, companies are listed and only about
one-fourth of shares of listed firms are actively traded, whereas the rest is generally held by
public entities and is not allowed to trade.

The research on China’s stock markets has so far focused on pricing behaviour and
efficiency of the Chinese stock markets, market segmentation and explanations for price
differentials among different classes of stocks, market impediments and governmental
factors, as well as corporate governance issues and IPOs [Chan et al. (2007)]. Moreover,
some recent papers examine the (negligible) reaction of China’s equities to international
shocks [Li (2007) and Kozluk (2008)]. Regarding pricing behaviour and efficiency, a topic most
related to our paper, various methodologies have been used to test the efficient market
hypothesis for Chinese stock markets, obtaining mixed results [see Charles and Darne (2009)
for a review]. Charles and Darne (2009) analyze the efficiency of the Chinese stock markets
using variance ratio tests and conclude that renminbi denominated shares (A-shares) appear
to follow a random-walk, i.e. a weak form efficient market hypothesis. In contrast, the authors
find that US dollar denominated shares (B-shares) seem not to pass the random walk
hypothesis. They argue that liquidity, market capitalization and information asymmetry can
play a role in explaining the weak form efficiency. Beltratti et al. (2009) analyse the stock price
effects of the changes in ownership structure derived of the conversion of non-tradable
shares into tradable ones in 2005-2006 and find that price of stocks characterised by
lower liquidity, inactive investors and less transparency before the reform tend to benefit most
from it. Thus, they conclude that the recent financial reforms significantly improved Chinese
stock market fundamentals.

Other researchers have reported that China’s stock market has unique attributes
that challenge traditional asset pricing models and the theory of rationality. For instance, Kang
et al. (2002) suggest that the lack of rigorous stock analysis and research may have led to the
perception that prices are driven by sentiment as much as by other factors. Drew et al. (2003)
suggest that the Chinese market is difficult to comprehend using conventional analysis.
The authors document that their result that book-to-market equity generates on average
anegative monthly return may come from investors’ misvaluation. At the same time,
Burdekin and Redferin (2009) present evidence that individuals react to the real return on
deposits (the risk-free asset) and equity markets relative performance and risk perception.
Finally, Eun and Huang (2007) find that while the market risk (beta) is not priced, there is a
significantly negative relationship between firm-specific risk and expected returns in China.

Despite the rather extensive literature on Chinese equity pricing behaviour and
tests for efficiency, there is, to the best of our knowledge, no evidence of the role of
key fundamentals as drivers of Chinese stock prices. Against this background, the study
aims to assess to what extent a fundamental-based model can explain domestic stock
price movements in China at the aggregate country level. Our empirical methodology
uses a modified version of the dynamic present value model by Campbell and Shiller (1988),
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and follows the empirical implementation as in de Bondt (2008a and 2008b).
This methodology models, using the vector error correction modelling approach by
Johansen and Juselius (1990) and Johansen (1991), the long-run relationship between
stock price and three fundamentals: corporate earnings, the risk-free interest rate and a
proxy for the equity risk premium. We expect that these fundamentals not only play a role
for the stock price determination in developed economies, but also in emerging economies.
The fundamental-based model estimates are used to quantify the magnitudes of the long-run
stock price misalignments, which, in turn, are used to date stock price booms and busts,
both using statistical and economic criteria. Finally, we investigate whether equity market
reforms and excess liquidity help in explaining the deviations of China’s stock prices from
the fundamental-based estimates of equilibrium equity prices.

Our main finding is that China’s stock prices can be reasonably well modelled using
the fundamentals-based dynamic stock price model. This finding is shown to be robust
across proxies for the equity risk premium and different estimation methods. There are,
however, periods where the stock prices seem to have deviated substantially from the
fundamental-based estimates. In fact, we date several periods of significant long-run stock
price misalignments in China. The first identified bust in China’s stock market was between
end-1999 and early 2000, the second between mid-2004 and mid-2005. We also identify two
booms. The first pronounced boom started in the Autumn of 2006 and ended early 2008.
A shorter stock market boom occurred around mid-2009. While asset price bubbles,
being them either rational or irrational, are often used as explanations for booms in Chinese
stock market," we show that liberalizing equity market reforms and positive excess liquidity,
as measured by M2 or loan growth beyond nominal GDP growth, help in explaining a
significant part of the identified positive misalignments of stock prices from their long-run
fundamental-based equilibrium value.

The remaining of the paper is structured as follows. Section 2 describes the
empirical methodology and the data. Section 3 reports the empirical results: modelling stock
prices with fundamentals, detecting misalignments and linking them to equity market reforms
and excess liquidity, as well as evaluating the robustness of the results. Section 4 concludes
by summarising the main findings and by providing some policy implications.

1. See e.g. Alain Greenspan’s comment: “you ever wanted to get a definition of a bubble in the works, that's it",
Mr. Greenspan said referring to the Shanghai stock market. Reported by Reuters on 1 October 2007 available at:
http://www.reuters.com/article/email/idUSL014540320071001.

BANCO DE ESPANA 1 2 DOCUMENTO DE TRABAJO N.° 1032



BANCO DE ESPANA

2 Methodology and data

2.1 Methodology

Our empirical methodology uses a modified version of the dynamic present value model by
Campbell and Shiller (1988). Nelson (1999) and Sharpe (2002) reformulated the original
dividend-price ratio model into an eamings-price ratio model, by breaking the log dividends
per share into the sum of log earnings per share and the dividend payout ratio. Earnings are
preferred to dividends as longer time series of earnings than dividends are available for China
and because dividend payments are, in contrast to earnings, sensitive to the dividend payout,
share buyback and tax policies. Following Boucher (2006), the modified log linear
Campbell-Shiller model can be rewritten as:

K ) . X . 0 .
€ —P¢ :_1_+Et{zpjrt+j - szAe[+j _(1 _p)zp](dtﬂ' _et+j)} 1)
P j=0 =0 =0

where er-p: denotes the log earnings-price ratio at time t, k is a parameter of linearization, p is
a constant less than unity, which can be thought as a discount factor, Et.} is the expectation
based on the information set available at time t, r.; denotes log stock return during period t+,
Aeyj refers to earnings growth in t+/, and dwj-ew; denotes log of the payout ratio (dividends /
earnings) in t+j. Moreover, we model the expected equity return Eqfriy} as a sum of the return
of a risk-free asset (i) and a time-varying equity risk premium (rpowy). Finally, we assume a
constant dividend pay-out ratio (dj-et).

In this framework, stock prices depend one-to-one to current earnings and upon
unobservable variables such as the expected future growth in earnings and the time-varying
equity risk premium. In our empirical implementation we relate stock prices to observed
earnings, which reflect most reliably the earnings power because expected earnings are
well-known to be biased, and to historical equity premium as a proxy for the equity
risk premium, following de Bondt (2008a and 2008b). The estimated long-run stock price
relation reads then as follows:

pt:a+ﬂlet+ﬁ2rft+ﬁ3rpt+gt @

where pr denotes log of stock prices at time t, e log of earnings, rf risk-free interest rate, rp
equity risk premium and ¢ the residual. We expect the parameter B+ to be close to one and
parameters B2 and Bs to be negative, given they reflect the negative impact from the discount
rate on stock prices, divided into the negative effects from the safe asset return and from the
premium on risky equity.

Unit root tests are applied in order to assess the time series properties of the data.
Due to the small number of observations we apply the Kwiatkowski et al. (1992, henceforth
KPSS) test, where the Ho hypothesis is that the series are stationary. The KPSS tests,
presented in Table 1, show that all model variables as well as alternative measures of the
equity risk premium, which we consider are integrated of the order 1, i.e. I(1).
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Table 1 Unit root test

Variables KPSS KPSS
level difference

Baseline specification

Stock price p 0.54 * 0.06
Earnings e 1.40 ** 0.10
Risk-free interest rate rf 0.76 ** 0.19
Equity risk premium p 1.31 ** 0.23
Equity premium, 24-month horizon 1py, 1.23 ** 0.18
Excess return er 1.11 ** 0.11
Excess return, 24-month horizon oy 0.91 ** 0.15

The table presents Kwiatkowski-Philips-Schmidt-Sinn (KPSS) unit root test, with the Ho is that the series are
stationary. ** and * denote rejection of the null hypothesis at the 1% and 5% significance level, using the test
critical values of 0.739 and 0.463, respectively.

In order to investigate the potential co-integration relationship between stock prices
and its aforementioned fundamental determinants, equation (2) is estimated by maximum
likelihood (ML) applying the vector error correction modelling approach by Johansen and
Juselius (1990) and Johansen (1991):

AN =0AY  +o.+ DAY I tat+ée, )

The (p x p) matrix, M, characterises the long-run relationship between the (p x 1)
vector of Y variables: p, e, rf and rp. Cointegration is indicated by the rank of 11, r, and equals
the number of cointegration vectors. The cointegration space includes a deterministic term
containing a constant, a, but no trend. N is decomposed into AB', where A and B are (p xr)
matrices. The rows of B' are the cointegrating vectors and determine the long-run
relationships between the variables. The A-matrix is a weighting matrix and represents the
speed of adjustment of the variables to equilibria.

We approximate the long-run fundamental or fair value, fv, of the stock prices using
the fitted value of the estimated long-run model in Equation (2):

th =CXp(pt _5t) )
The fair valuation gap, fvgap, measures in percentages by how much the actual

stock price index, p, has to change to reach the estimated fair value:

~fv
fvgap, = 1007 e ®)

t
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The fair valuation gap, hereafter referred to as long-run stock price misalignment,
is used to define booms and busts in China’s stock market. The economic approach dates
booms and busts in case the long-run stock price misalignment is higher than 20% in line
with Yan et al. (2007) and a commonly applied threshold by the financial press to define
bull and bear markets. A statistical approach dates booms and busts in case the actual stock
price lies outside the one standard error of the model.

In a second stage analysis, once stock price misalignments have been identified,
we test whether there are some China-specific factors and market imperfections, i.e. stock
market reforms or excess liquidity that could have a contemporaneous or lagged impact on
the identified stock price misalignments:

h k
fvgap, :z(:)¢l,ixl,t—i + Z(:)¢2,jx2,t—j + H, ©6)
i= j=

The first variable, x;, examines whether structural reforms affect stock price
misalignments and the second one, xgz, excess liquidity, given the frequent attention in
the financial press that liquidity might play a role for high stock prices.

2.2 Data

Besides the data for stock market reforms, all the variables used in the analysis are drawn
from the CEIC China Premium Database and are in monthly frequency. The effective sample
period starts in April 1999 and ends in September 2009.

As dependent variable we use the Shanghai A-share Index to represent stock price
developments in China. The Shanghai A-share Index is the benchmark index for
renminbi-denominated shares. The index refers to A-shares, i.e. shares of incorporated
companies in China representing more than 97% of the market capitalization of tradable
shares in Shanghai Stock Exchange. Such shares can be traded by residents and marginally
by authorized foreign institutional investors.

The independent variables, i.e. the fundamental stock price determinants, are
specified as follows. Earnings refer to reported, as opposed to expected, earnings because
they are unbiased and available for a longer period. Both stock prices and earnings
are measured in nominal terms as the price deflator cancels out in case of a long-run
elasticity between stock prices and earnings of one, which indeed appears to be the case.?
As a proxy for the risk free interest rate, we use the one-year reference rate on deposits
deflated by the consumer price index. The one-year time deposit rate is the return on the
least risky asset that the Chinese residents can hold, given restrictions to acquire government
bonds and the implicit governmental guarantee on deposits. It should be stressed
that interest rate liberalization is incomplete in China, implying that effective interest rates
are not fully determined by market forces and are very close to benchmark rates, especially
on deposits [Porter and Xu (2009) and Feyzioglu et al. (2009)].

Unless stated otherwise, the equity risk premium is approximated by the one-month
lagged 36-month rolling earnings yield premium (rp). The earnings yield premium is defined as

2. Similar coefficients were estimated when using the CPI index as deflator.
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the spread between the earnings yield and the ex post real interest rate. The earnings vyield,
i.e. the inverted P/E ratio, is commonly viewed as a reasonable approximation for the real
expected return to equity [Siegel (2005)]. A three-year moving average of the earnings
yield premium is used. This time span is long enough to avoid that short-run fluctuations in
the equity risk premium affect the long-run level of the equity premium, and thus the fair value
of stock prices. At the same time, it is short enough to capture possible structural changes
in the perceived level of the equity risk premium among equity investors. As a robustness
check, the following other proxies for the equity risk premium are considered: i) A one-month
lagged earnings yield premium averaged over a 24-month period (rp24); i) the realised
excess return, i.e. the return on equity vis-a-vis the return on deposits, over a 36-month (er);
and iii) 24-month period (erz4).

Moreover, to the extent that aggregate risk in the stock market is captured by the
variance of the stock market return, it is reasonable to expect a positive empirical relationship
between our proxy for the equity risk premium and market volatility [Kim et al. (2004)].
Regarding the case of China, we find indeed a positive long-run association between
the equity risk premium and stock market volatility and trace and maximum eigenvalue test
statistics indicate the existence of a cointegrating relationship between the various equity
risk premia considered and the stock return volatility (see Table 2).° Thus, we expect
our proxies for the equity risk premium to capture the risk-based explanations put forward
for the premium [Donaldson and Mehra (2008)].

Table 2 Cointegration rank test between equity risk premium measures
and stock return volatility

Cointegration rank TP P2y er Cryy
Trace test
0 353 %% 292 %% 378 ** 358 **
[0.00] [0.00] [0.00] [0.00]
1 5.45 4.89 2.04 4.28

[0.24]  [0.30]  [0.77]  [0.37]

Maximum eigenvalue

0 20.8 *% 243 %k 357 %k 3] 6 kx
[0.00]  [0.00]  [0.00]  [0.00]
| 5.45 4.89 2.04 4.28

[0.24]  [0.30] [0.77]  [0.37]

Probability values between square brackets. ** and * denote the 1% and 5% significance level,
i.e. for a rejection of the Ho of at most r cointegration vectors using the criticial values of
MacKinnon et al. (1999).

Finally, the data for the second-stage regressions explaining stock price
misalignments is obtained as follows. First, excess liquidity is measured as the difference in

3. Stock return volatility measures the risk of stock price moves calculated from the standard deviation of day to day
logarithmic historical price changes. The 30-day price volatility equals the annualized standard deviation of the relative
price change for the 30 most recent closing prices, expressed as a percentage.
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the year-on-year growth rate in broad money (M2) or loan growth in excess of the
year-on-year growth rate of nominal GDP. Second, the information used to date the stock
market reforms is obtained mainly from China Securities Regulatory Commission (CSRC) and
complemented with information from Bloomberg and Financial Times.* Table 3 summarizes
the main steps in China’s equity market reforms. The column “Restrictive” denotes months
when restrictive measures were taken by the authorities, while the column “Liberalizing”
denotes months when liberalizing actions were applied. We use these dates to construct
corresponding dummy variables for restrictive and liberalizing stock market reforms.
We acknowledge the limitations of our simplified dummy approach as the stock market
reforms have not been monotonous and homogenous. As Cheung et al. (2009) point out,
the regulatory changes, though improving over time, are actually not monotonic. They
characterise the Chinese stock market regulatory framework as starting from “over-restrictive”
and becoming “overunrestrictive”, and then fine-tuned with additional restrictions. A more
detailed quantification, if at all possible, of equity market reforms is however beyond
the scope and aim of the paper.

4. See more details in http://www.csrc.gov.cn/n575458/n4001948/.
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Table 3 China’s equity market reforms

Date
Sep-1986
Dec-1990
Jan-1992
Oct-1992

Jul-1994
Jul-1995

Nov-1997

Dec-1998

Apr-2000

Feb-2001
Jul-2001
Nov-2001

Mar-2002
Jun-2002
Jul-2002

Nov-2002

Nov-2002
Jun-2004
Sep-2004
Feb-2005

Apr-2005

Oct-2005
Oct-2005

Nov-2005
Apr-2006
Dec-2006

Apr-2007

Oct-2007
Jan-2008
Mar-2008
Apr-2008

Apr-2008

Sep-2008

Oct-2008

Oct/Dec-
2008
Jul-2009

Reform
An OTC equity market was established
Shanghai Stock Exchange and Shenzhen Stock Exchange were launched
B-share market for foreign investors were created

A new regulatory body, the China Securities Regulatory Commission
(CSRC) was established
Company Law chart was issued which governs listed companies

Commercial Bank Law was issued, which clarifies the division between
commercial deposit taking banks and securities firms. Under the new law,
commercial banks are not permitted to invest in shares, trust and
investment companies or in real estate. Furthermore, banks are obligated
to disclose their holdings in securities firms.

State Council issued the Methods of Administrating Securities by
Investment Funds

Securities Law (entered into the force in 1999): A separating financial
system is formed. CSRC became the sole regulatory authority. This law
provides regulations on establishment of stock exchanges and broker
firms, issuing and trading securities, etc.

CSRC announces regulations requiring potential buyers of IPO A-shares
to purchase a minimum holding of RMB 10,000.

B-shares ware available for local investors with foreign currency deposits

Non-tradable shares reform attempt (abandoned few months later)

CSRC and Ministry of Finance (MOF) reduce the stamp tax levied on
share trading to 0.2%.
CSRC and MOF cancel a the plan to sell off non-tradable shares

Overseas institutions were allowed to trade B-shares directly

Partial foreign participation into securities companies and fund
management companies were allowed

Qualified Foreign Institutional Investors (QFII) were allowed to purchase A-
shares

Foreign investors were allowed to purchase non-tradable shares

Shenzhen exchange launch small- and medium enterprises market
Investment Funds regulation was amended

Commercial banks were allowed to set up the fund management
companies

Second and successful attempt of non-tradable share reform aimed at
gradually converting state-owned shares into tradable shares

Increase of QFIl quota to USD 10bn

Revision of the Securities Law (entered into force in 2006), that gradually
allowed (i) commercial banks to directly go into the equity market, (i)
SOEs to participate again in the market, (i) margin trading and short
selling and (iv) the issuance new equity derivatives

CSRC allowed foreign investors buy tradable A-shares, subjecting them
to specified 'lock-up' period.

Introduction of the Qualified Domestic Institutional Investors (QDII)
scheme, that allows residents to invest abroad

Foreign investors were allowed to hold stakes in A-shares over 10% of the
capital if maintained more than 3 years

To dampen the stock price rally, the government raised the tax duty on
equity transactions and reduced the tax burden on incomes related to
bank deposits

Further expansion of QDII quota to USD 48 bn

Approved an increase of QFIl quota to USD 30bn
MOF suspended corporate income tax for mutual fund income.

To foster a depressed market, the government reduced the taxes duties
on equity transactions.

Limitations for former non-tradable shares. First, block sales of converted
shares exceeding 1% of a firm’s equity must go through a separate
trading system for large-scale trades. Second, converted shares cannot
be sold in the 30 days before release of the firm’s annual or semi-annual
reports

Stamp tax removed. Central government and large state owned
companies acquired shares of large Chinese banks. Monetary policy tone
shifted from tight to accommodative.

CSRC allowed margin trading of stocks and stock lending.

CSRC suspended IPOs

IPOs were restarted.

Restrictive

Liberalizing
X
X

X
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3 Empirical results

3.1 Modelling stock prices with fundamentals

Given our interest in the equilibrium or long-run relation of stock prices and their fundamental
determinants, we focus on the long-run relationship in Equation (3). Table 4 reports the trace
and maximum eigenvalue test statistics, which indicate the existence of one cointegrating
relationship between the stock price and its fundamental determinants considered.

Table 4 Cointegration rank tests

Cointegrating equation(s) 0 1 2 3
Trace test 62.6 ** 327 % 12.5 3.41

[0.00] [0.02] [0.13] [0.07]
Maximum eigenvalue 29.9 % 20.2 9.13 341

[0.02]  [0.07]  [0.28]  [0.07]

Linear deterministic trend, lag order determined by lag exclusion test. Probability values between square
brackets. ** and * denote the 1% and 5% significance level, i.e. for a rejection of the Ho of at most r
cointegration vectors using the criticial values of MacKinnon et al. (1999).

Table 5 presents the long-run estimates of Equation (3), assuming one cointegration
relation. The lag order is determined by lag exclusion tests and at most four lags are included.
Four main observations emerge from the empirical results.

1. The long-run earnings elasticity is estimated to be close to unity and is statistically
significant. Moreover, the likelihood ratio test for earnings elasticity of unity cannot be rejected
at the conventional levels of statistical significance. This implies that China’s stock prices
move one-to-one to earnings developments in the long run, when controlling for the risk free
interest rate and equity risk premium. It also implies a mean-reverting P/E ratio for China over
long samples, which is also observed for developed countries for which two centuries of
data are available. Table 5 also report the estimation results, whereby the earnings elasticity
is restricted to one.

2. The estimated long-run interest rate semi-elasticities are statistically significant
and in line with the estimates for developed countries as reported in de Bondt (2008a). A one
percentage point increase in the deposit rate results in 10% lower stock prices.

3. The estimated long-run equity risk premium semi-elasticities are statistically
significant. They are higher than the estimates as reported in de Bondt (2008a) for developed
countries, suggesting that stock price developments in China are comparatively strongly
affected by swings in the equity risk premium.

4. Our model explains better stock market returns than some standard benchmark
models, such as autoregressive models (AR1 and AR2), or a model with only a constant.
In fact, our model explains 29% (or 17% looking at the adjusted R-squared) of the variance of
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the monthly return on China’s stock, compared to up to 6% by the other models (Table 6).

Moreover, the model residuals do not exhibit serial correlation or heteroscedasticity

as indicated by the respective tests. The normality test shows that the residuals do not

follow a normal distribution, but this is not surprising given it is well-known that equity returns,

even at a monthly frequency, are typically clustered.

Table 5 Johansen’s Maximum Likelihood estimates of the long-run specification

Earnings

€

@, 123*  1.00
(0.35) ;

Real risk-free interestrf o, -10.5** -995 **

Equity risk premium

R-squared
Adjusted R-squared
LR test for a,=1
LM(1)

LM(4)
Heteroscedasticity

Normality test

(3.19)  (2.94)

p oy -24.8 %% 0.8 **

(7.02)  (2.47)

0.29 0.30
0.17 0.18
[0.69]

[0.44]  [0.41]
[0.59]  [0.59]
[0.29]  [0.29]
[0.00] ** [0.00] **

Standard errors between parentheses, p-values between square brackets.
**and * denote the 1% and 5% significance level.

Table 6 In-sample fit of the model

R-squared  Adjusted R-squared
Model 0.294 0.171
AR(1) 0.006 -0.001
AR(2) 0.061 0.054
Constant 0.000 0.000

3.2 Stock price misalignments: dating booms and busts

One way of presenting the estimated fair value of the stock market in China is to modify the
observed P/E ratio for the impact of the level of the risk-free interest rate and equity risk
premium according to the long-run estimates of Equation (3). Given the unrestricted estimates
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of the earnings elasticity turn out not to deviate significantly from one, these estimated fair
values can be seen as a P/E ratio adjusted for the interest rate and equity risk premium.
Figure 1 plots the observed P/E ratio and the P/E ratio modified for the interest rate and risk
premium for the restricted model. Prolonged and pronounced deviations between the actual
P/E ratio and the estimated fair P/E ratio indicate signs of long-run stock price misalignments
according to the three considered fundamental determinants and their estimated past relation
with the stock price. As can be seen from Figure 1, the actual P/E ratio has been clearly
above the “fair” P/E ratio in 2007, but returned to its estimated fair value in the course
of 2008. In late 2008, the actual P/E ratio was below the modified P/E ratio, whereas the
opposite was the case at the end of the sample period.

Figure 1 P/E ratio and P/E ratio modified for interest rate and risk premium

—P/E ratio P/E ratio modified for interest rate and risk premium
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Figure 2 plots the estimated fair valuation gaps or percentage deviations of the
actualoutcome of the stock prices from their estimated long-run fair valuations according to
the estimates with a freely estimated earnings elasticity. The estimated long-run stock price
misalignments show that actual stock prices may deviate from their long-run fair value over
extended intervals. Such deviations from the fair value are a sign of under- or over-valuation,
at least based on the model and sample period considered. They could, however, also reflect
temporary deviations of earnings growth or the discount factor from their long-run equilibrium
levels or structural changes in the long-run relation between stock prices and their
determinants.
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Figure 2 Estimated long-run stock price misalignments (%)
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Table 7 presents the dates of booms and busts in the Chinese stock market
applying a statistical (outside the one standard error of regression confidence band) and
economic (more than 20% misalignment) rule to the long-run stock price misalignments
derived from the unrestricted model. To be sure about the existence of booms and
busts, we apply a rule where booms and busts need to be identified using both statistical
and economical criteria. In addition, booms and busts are expected to be not one-off events
but to occur for a prolonged period of at least two consecutive months. This rule results in
two booms and two busts periods since April 1999. The first identified burst took
place between October 1999 and February 2000. Another bust in China’s stock market was
between mid-2004 and mid-2005. This was followed with a pronounced boom which started
in October 2006 and ended in February 2008. A new stock market boom started in May 2009
up to July 2009, as argued by others around that time [Bastiaensen et al. (2009)].

Table 7 Identified booms and busts in China’s stock market

Booms Busts
Satistically defined: outside the one standard error of the model equation for at least two consecutive months
2006.10-2008.2  2009.5-7 1999.10-2000.2 2004.5-10; 2005.5-7

Economically defined: more than 20% long-run stock price misalignment for at least two consecutive months
2006.8-2008.2 2009.3-9 1999.9-2000.6 2003.9-2004.1  2004.4-2005.3; 2005.5-12  2008.5-8; 2008.10-12

Boom 1 Boom 2 Bust 1 Bust 2
2006.10-2008.2  2009.5-7 1999.10-2000.2 2004.5-10; 2005.5-7

3.3 Other factors explaining booms and busts

According to our model, fundamentals factors were able to explain only a part of the rise
in 2006-07 and the subsequent fall in China’s equity market in 2007-08, as a main factor
driving stock price changes at that time was the error term, i.e. the part not explained
by the fundamentals considered. Two possible explanations arise. First, the identified run-up
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of Chinese stock prices in 2006-07 and the subsequent collapse in 2007-08 was driven
by bubbles, them being either rational or irrational [see LeRoy (2004) for a survey on
asset bubbles]. Second, there are some China-specific factors that cause the dynamic stock
price model to be inadequate modelling stock prices in China.

This sub-sections analyses the second possibility, given is not our aim to extend the
not well-developed empirical literature on asset price bubbles, as pointed out by LeRoy
(2004). Consequently, we use three additional variables to test whether they can explain
the stock market misalignments identified earlier: stock market reforms, and two proxies for
excess liquidity. These factors could potentially explain some characteristics of the Chinese
stock market and market imperfections that cannot be captured using the standard
fundamental-based model.

Regarding stock market reforms, the Chinese domestic stock market was designed
in the 1990s as a segmented one: a market for residents denominated in renminbi (A-share)
and a market for foreigners denominated in US dollars (B-share). In addition, most of the
shares of the listed firms are in the hands of the public sector and are not actively traded.
Since the opening of the Shanghai’s stock market in December 1990, Chinese authorities
have gradually introduced market oriented regulations, including provisions to facilitate raising
capital and IPOs by corporates, to reduce market segmentation and to expand the investor
base. In addition, transparency and better corporate governance have also been encouraged.
More detailed descriptions of stock market reforms can be found in Chen (2003) and in
Cheung et al. (2008 and 2009).

Concerning excess liquidity, given the effective interest rates are not fully determined
by market forces in China, abundant liquidity conditions in money markets could explain
stock price booms beyond the interest rate controlled for in the fundamental-based model.
Moreover, there is anecdotal evidence that, at certain times, credit granted to enterprises
and households has been diverted to equity market investments in China, which would also
imply a positive correlation between excess liquidity and stock prices.

Table 8 examines whether the liberalizing reforms have impacted overall stock price
developments in China by regressing the estimated long-run stock price misalignments
(Figure 2) on a constant and the liberalizing reform dummy cumulated over a certain period.
We thus examine the impact of the reforms beyond the effect they could have in affecting the
fundamental determinants in stock prices, such as a structurally lower equity risk premium
or a positive longer-term impact on the performance of listed companies and thus on
earnings. Evidence on the latter is reported in Jiang et al. (2008) and in Beltratti et al. (2009).
The estimates show that the liberalizing reforms are positively affecting the long-run stock
price misalignment. This impact is statistically significant for the 1%2 to 3 year periods,
suggesting that it takes time before the reform measures positively affect long-run stock
price misalignments. The delayed impact can be explained by the structural nature of the
reform measures. In economic terms, the estimates suggest that the liberalizing reforms have
contributed by up to 12 percentage points to the positive deviations of stock market
prices from their long-run fundamental value. One should, however, keep in mind that more
than usual caution is warranted in the interpretation of the results, given the labelling of
equity market reforms is somewhat arbitrary and do not distinguish between their relative
importance. This notwithstanding, our findings can be seen as supporting Zhang et al. (2008),
who find that the political consideration of the Chinese government can be a critical force
that drives the stock market. Due to a small number of months when restrictive reforms
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were applied, a similar exercise can not be performed for the restrictive reforms. However,
itis striking that the Chinese authorities introduced restrictive stock market measures in
April 2007, when according to our model the stock prices were clearly above their
fundamental value, and just one month before our stock price misalignment measure
recorded its maximum.

Table 8 Impact of liberalizing reforms on stock price misalignments
over various horizons

Impact horizon in months 0 1 3 6 12 18 24 30 36 42
Liberalizing reform impact 5.80 -1.26 -1.02 3.87 8.42 11.63 ** 10.97 ** 931 ** 506 * 3.15

(7.85) (8.07) (5.99) (5.07) (4.67) (3.77) (2.87) (2.38) (2.23) (1.99)
Adjusted R 0.00 -0.01 -0.01 0.00 0.06 0.18 0.22 0.19 0.07 0.03

Ordinary least squares estimation results of Equation (6) with ¢.=0 (excess liquidity not considered). O refers to the
contemporaneous impact, whereas the other horizons refer to the one-month lagged impact of a moving sum of
liberalizing reform dummies over 1, respectively, up to 42 months. Newey-West heteroscedasticity and autocorrelation-
corrected standard errors between parentheses. ** and * denote 1% and 5% significance level.

Table 9 shows the estimation results of Equation (6) for a contemporaneous impact
as well as for an impact over 1-9 months of excess liquidity together with the liberalisation
dummy over 24 months.® In both cases, the excess liquidity and liberalisation variables
are lagged by one month and moving averages over the specific periods are used. Excess
liquidity is defined as M2 or loan growth in excess of GDP growth. In addition, the table
reports the results for a sample with only positive values of excess liquidity to see whether
liquidity booms could explain stock price booms.

Two conclusions emerge from these regressions: 1) Excess liquidity is generally not
affecting misalignments (see Panels A and B). However, in periods with positive excess
liquidity, it is significantly affecting long-run stock price misalignment generally up to six
months (see Panels C and D). An increase in positive excess liquidity by 1 percentage point
results in an about 1% percentage point higher fair valuation gap. Put differently, accelerating
M2 or loan growth beyond nominal GDP growth seems to boost stock prices in China.
Positive excess liquidity explains about one-third of the variance in the long-run stock price
misalignment and together with liberalizing reforms up to 42%. 2) The estimated impact
of the liberalizing reforms remains statistically significant when also an excess liquidity
measure is considered. However, its economic effect on the stock price misalignment
reduces substantially: about 6 percentage points compared to up to 12 percentage points
according to the estimation results when the liberalising reforms are considered in isolation.

5. We use the liberalization period of 24 months as a benchmark as the Wald tests do not reject the null hypothesis
of the same estimated coefficients for the liberalisation dummies for the various lags tested.
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Table 9 Impact of excess liquidity on stock price misalignment over various horizons

Impact horizon in months 0 1 2 3 6 9
Panel A: total sample
Excess M2 growth impact 0.44 0.43 0.38 0.31 -0.07 -0.59
(1.30) (1.32) (1.34) (1.38) (1.51) (1.60)
Adjusted R? 0.00 0.00 0.00 -0.01 -0.01 0.00
Excess loan growth impact 0.46 0.42 0.37 0.30 -0.10 -0.75
(0.95) (0.99) (1.02) (1.07) (1.26) (1.46)
Adjusted R? 0.00 0.00 0.00 0.00 -0.01 0.01
Panel B: total sample, joint specification with reform impact
Excess M2 growth impact -0.05 0.02 0.01 -0.02 -0.27 -0.50
(1.09) (1.07) (1.07) (1.09) (1.14) (1.21)
Liberalizing reform impact, two-year horizon 11.0 ** 109 ** 11.0 ** 11.0 ** 11.0 ** 109 **
(3.13) (3.09) (3.06) (3.04) (2.99) (2.94)
Adjusted R? 0.21 0.21 0.21 0.21 0.21 0.21
Excess loan growth impact -0.05 -0.01 -0.02 -0.05 -0.27 -0.59
(0.82) (0.81) (0.82) (0.84) (0.93) (1.07)
Liberalizing reform impact, two-year horizon 11.0 **  11.0 ** 11.0 ** 11.0 ** 11.0 ** 109 **
(3.18) (3.13) (3.10) (3.10) (3.00) (2.96)
Adjusted R? 0.21 0.21 0.21 0.21 0.21 0.22
Panel C: sub-sample with positive excess liquidity
Positive excess M2 growth impact 1.85 ** 191 ** 192 ** 193 * 1.78 1.42
(0.65) (0.66) (0.69) (0.74) (1.01) (1.38)
Adjusted R? 0.18 0.18 0.18 0.17 0.11 0.04
Positive excess loan growth impact 1.82 ** 1.85 ** 1.86 ** 1.86 ** 1.78 ** 1.52
(0.33) (0.35) (0.38) (0.42) (0.61) (0.98)
Adjusted R? 0.36 0.35 0.33 0.31 0.21 0.09
Panel D: sub-sample with positive excess liquidity, joint specification with reform impact
Positive excess M2 growth impact 1.35 * 1.49 * 1.55 * 1.60 * 1.62 * 1.63
(0.63) (0.60) (0.60) (0.62) (0.73) (0.89)
Liberalizing reform impact, two-year horizon 5.90 * 6.10 * 6.27 ** 642 *¥*  6.97 *¥* 755 **
(2.45) (2.36) (2.31) (2.29) (2.30) (2.29)
Adjusted R? 0.32 0.34 0.34 0.35 0.32 0.30
Positive excess loan growth impact 1.49 ** 1,52 %% 1,54 ** 155 %% 1.54 % 1.56*
(0.40) 0.41) (0.42) (0.43) (0.53) (0.70)
Liberalizing reform impact after two years 3.38 3.86 4.16 4.47 * 5.40 * 6.27 **
(2.43) (2.32) (2.26) (2.22) (2.20) (2.24)
Adjusted R? 0.41 0.42 0.41 0.41 0.36 0.31

Ordinary least squares estimation results of Equation (6) with ¢:+=0 in panels A and B (liberalizing reforms not considered)
and with liberalizing reforms over a 24-month horizon considered in panels C and D. O refers to the contemporaneous
impact of excess liquidity, whereas the other horizons refer to the one-month lagged impact of a moving average of
excess liquidity over 1 to 9 months, respectively. Newey-West heteroscedasticity and autocorrelation-corrected standard
errors in parentheses. ** and * denote 1% and 5% significance level.

3.4 Robustness

We analyse the robustness of our results in the following ways. First, we use three alternative
measures of the equity risk premium. Table 10 provides the ML estimation results using the
other measures of the equity risk premium: 24-month instead of 36-month moving average of
the earnings yield premium, as well as the realised excess return, i.e. the return on equity
vis-a-vis the return on deposits, over 36- and 24-month horizons. The estimates show
that irrespective of the considered proxy for the equity risk premium, earnings, interest rate
and equity risk premium are significant long-run stock price determinants. The 36-month
moving average of the earnings yield premium shows, however, the highest explanatory
power, and is therefore our preferred proxy for the equity risk premium. In all cases,
the restriction of a long-run earnings elasticity of one can not be rejected according
to the likelihood ratio test.
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Table 10 Johansen’s Maximum Likelihood estimates of long-run specifications
with alternative measures for the equity risk premium

p P24 er 2571
Earnings e o 1.22%% 146* 1.77** 1.06**

(0.35)  (0.24) (0.52)  (0.35)
Risk-free interest rate  rf «, -10.5** -24.1 ** -38.1 ** -17.7*

(3.48) (335  (831) (7.63)
Equity risk premium oy -24.8** 305 %% 376 ** 255 **

(7.02)  (4.11)  (0.98)  (0.62)

R-squared 0.29 0.07 0.16 0.13
Adjusted R-squared 0.17 0.03 0.02 0.05
LR test for a,=1 [0.69] [0.09] [0.45] [0.88]
LM(1) [0.44] [0.64] [0.82] [0.54]
LM(4) [0.59] [0.96] [0.76] [0.87]
Heteroscedasticity [0.29] [0.29] [0.80] [0.00] **
Normality test [0.00] ** [0.00] ** [0.00] ** [0.00] **

rp = earnings yield premium over 36-month horizon, rpzs over 24-month, er = excess return over 36-month
horizon, er.. excess return over 24-month horizon. Standard errors between parentheses, p-values between
square brackets. ** and * denote the 1% and 5% significance level.

Second, besides the maximum likelihood estimation, Equation (2) is also estimated
by quantile regressions [Koenker and Bassett (1978)], including the least absolute deviation
(LAD) estimation method (median estimate from the 50% quantile). Quantile process
estimators have the advantage that they are robust to heteroskedasticity, skewness and
leptokurtosis [Machada and Sousa (2006) and Gowlland et al. (2009)]. They also provide the
possibility to test for symmetry and slope equality across various quantiles. We perform
Newey and Powell (1987) symmetric quantiles test of conditional symmetry. Conditional
symmetry implies that the average values of two sets of coefficients for symmetric quantiles
(here 0.25 and 0.75) around the median (0.50) will equal the value of the coefficients at
the median. The Koenker and Bassett (1982) test for the equality of the slope (non-intercept)
coefficients of the 0.25, 0.50 and 0.75 quantiles is also reported. It compares the slope
coefficients for the median (0.50 quantile) against those estimated at the upper and lower
quartile. Table 11 reports the quantile process estimates using the 36-month rolling earnings
yield premium as a proxy for the equity risk premium. The upper panel of the table indicates
that the three stock price fundamentals significantly help in explaining China’s stock
prices across the various quantiles. The level of the coefficient estimates do, however, vary.
This notwithstanding, the lower panel of the table shows there is generally no evidence of
departures from symmetry and slope equality. The only exception is an indication that the
coefficients with respect to the interest rate differ across quantiles. The higher quantiles show
a larger impact of the interest rate on the stock price. This finding suggests that an increase in
the deposit rate is especially an effective measure to dampen stock price developments
during periods of high stock prices. A similar long-run stock price misalignment results from
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this estimation method, as suggested by a high correlation of 0.86 between the long-run

stock price misalignment derived from the ML and the LAD estimates.

Table 11 Quantile process estimates

Quantile Earnings Interest rate  Premium Earnings Interest rate  Premium
0.1 0.94 ** -2.38 * -16.18 ** 1.00 -2.18 -16.62 **
(0.23) (1.16) 3.17) (1.13) (1.53)
0.2 0.92 ** -2.00 -13.85 ** 1.00 -1.90 -14.89 **
(0.17) (1.34) (2.91) (1.25) (1.49)
0.3 111 ** -3.19 -17.43 ** 1.00 -3.34 -15.38 **
(0.14) (1.67) (2.69) (1.84) (1.62)
0.4 0.97 ** -3.20 -14.35 ** 1.00 -3.55 -14.78 **
(0.15) (1.93) (2.78) (1.92) (1.45)
0.5 0.98 ** -4.79 * -13.92 ** 1.00 472 * -14.21 **
(0.17) (2.07) (3.13) (2.07) (1.39)
0.6 1.22 ** -7.83 **  -16.69 ** 1.00 -7.28 *¥*  -13.07 **
(0.27) (2.32) (4.34) (2.28) (1.59)
0.7 1.09 ** -8.87 *¥* 1345 ** 1.00 -9.19 *¥*  .11.54 **
(0.28) (1.93) (3.13) (1.89) (1.65)
0.8 0.86 **  -10.73 ** -7.12 1.00 -10.55 ** -9.10 **
(0.29) (1.90) 4.77) (1.96) (1.56)
0.9 1.08 **  -11.16 ** -9.21 * 1.00 -11.02 ** -7.73 **
(0.32) (1.78) (4.56) (1.74) (1.45)
Symmetric quantiles test, probability values
0.25,0.75 0.97 0.20 0.71 0.17 0.55
Slope equality test, probability values
0.25,0.5 0.63 0.42 0.33 0.45 0.22
0.5,0.75 0.80 0.00 ** 0.27 0.00 ** 0.03 *

**and * denote different from zero at the 1% and 5% significance level.

Overall, we conclude that our results are robust over the choice of the measure for

equity risk premium and the estimation method.
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4 Conclusions

The study analyses stock prices in China using a model, derived from the Campbell and
Schiller (1988), which is based on three fundamentals: corporate earnings, risk-free interest
rate and a proxy for the equity risk premium. The model estimates are then used to quantify
the magnitudes of long-run stock price misalignments, which, in turn, are used to date stock
price booms and busts. In a second stage, additional factors, such as equity market reforms
and excess liquidity, are examined to test whether they have contributed to the identified
stock market misalignments.

Our main finding is that China’s stock prices can reasonably well be modelled using
the fundamentals-based dynamic stock price model. This finding is new and robust across
proxies for the equity risk premium and estimation method. There are, however, periods
where the stock prices seem to have deviated significantly from the estimates based on the
fundamentals. We identify two boom and two bust periods in China’s stock market since April
1999. While the often heard explanations for the boom and bust periods in the Chinese stock
market are related to a building of a bubble and its burst, we show that liberalising market
reforms and positive excess liquidity explain a significant part of the identified misalignments
in the Chinese stock market.

The implications of our findings are several. First, interestingly, stock prices can be
modelled empirically by fundamental determinants also in a transition economy with a
significant government intervention, such as China. The estimated long-run stock price
misalignments derived from the fundamentals provide a useful valuation tool for investors
and fund managers and an informative monitoring tool for policy makers. Second, we present
evidence that policy actions by the Chinese authorities, either by taking the form of low
deposit rates, loose liquidity conditions, or stock market liberalizations have contributed
to the formation of booms in China’s stock market.
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