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for this notion, because REE prices exhibit a structural break around the announcement of
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1. Introduction

The rare earth elements (REEs) market has gained increasing attention in recent years
because these elements are of paramount and strategic importance for a variety of green- and
high-technology products, such as hybrid and electric cars, wind energy turbines, photovoltaic
cells, mobile phones, hard and CD drives, and permanent magnets (Van Gosen et al., 2014)."
However, well above 80% of global REE mine production and more than 50% of worldwide
REE reserves are located in China (see, for example, Miiller, Schweizer, and Seiler, 2015).
The recent bankruptcy filing of Molycorp on June 25, 2015, which was one of the largest
REE mining corporations outside China, may further increase the worldwide dependence on
REEs mined in China in the future (see McCarty and Casey, 2015; Miller and Zheng, 2015;
and Reuters, 2015).

Thus, China essentially has global dominance over and control of the REE market, and
it only intensified with the Chinese Ministry of Commerce’s 2006 announcement of export
restrictions in the form of export quotas (the so-called MOFCOM announcements) (see Figure
1, step 1). These export quotas, and particularly a 40% reduction in production in 2010, were
presumably the cause of the dramatic price increases seen for foreign REE prices (or so-called
FOB — free on board — prices) during the second half of 2011. Domestic REE prices (or so-
called China prices) were substantially lower, placing foreign competitors in the REE market
at a disadvantage (see Figure 2).

However, even without the export quotas, the absence of adequate REE substitutes and
the highly concentrated supply in China has the potential to create massive price fluctuations,
which is a constant challenge for REE user industries. These price fluctuations have a direct
influence on the purchasing costs and thus the profits of core industries worldwide. In the case

of a shortage, manufactured or otherwise, entire industries may be threatened.

' For extensive summaries, see, e.g., Massachusetts Institute of Technology’s Energy Initiative/APS Panel on
Public Affairs/The Materials Research Society (2010), APS Panel on Public Affairs/The Materials Research
Society (2011), Goonan (2011), and Binnemans et al. (2013).
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— Please insert Figures 1 and 2 about here —

In fact, the export restrictions on REEs and their overall pricing system were the
catalyst for the U.S., Japan, and the EU to lodge formal complaints against China at the World
Trade Organization (WTO) on March 12, 2012 (hereafter, WTO event). This has led to a
series of reports concerning how to better secure access to REEs by the U.S. Congress (see
Figure 1, step 2, as well as the European Commission, 2012; Humphries, 2012; Morrison and
Tang, 2012; and Bailey Grasso, 2013).

The WTO generally focuses on negotiating new agreements for reducing trade
burdens among their member states. But it is also heavily involved in evaluating complaints
and issuing sanctions in case of violations of agreements in place (see Liebman and Tomlin,
2008). However, besides the shareholder value effects for firms affected by the consequences
of WTO disputes and its adjudicates, we know very little about how the WTQO’s actions affect
the underlying markets (see, e.g., Lenway, Rehbein, and Starks, 1990; Liebman and Tomlin,
2007, 2008; and Lenway, Morck, and Yeung, 1996, for research on shareholder behavior).2 In
particular, there have been only limited efforts to ascertain the WTO’s effectiveness, and
whether its rulings have the power to fundamentally change market dynamics. We believe this
is an important question, because an effective enforcement mechanism to resolve disputes is
essential to promoting compliance with the WTO’s rules. Moreover, changes in the
underlying market dynamics are presumably more long-lived than shareholder behavior
(Davey, 2003).

We address this research question empirically by analyzing the announcement effects
of the WTO event on the REE market. We note four primary findings. If the complaint is
credible, and the WTO has effective enforcement power, we expect to find that the Chinese
government reconsidered, and adapted their REE policy to somewhat reduce their influence

on REEs (see Figure 1, step 3). We observe direct evidence for this behavior in the Chinese

* See Liebman and Tomlin (2007) for an excellent literature review of GATT/WTO disputes.
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government’s announcement at the end of 2014 that they will stop using export quotas for
REEs because of the WTQO’s ruling that the practice is at odds with the General Agreement on
Tariffs and Trade (GATT) (see WSJ, 2015).> However, if credible actions by the Chinese
government had already been undertaken after the WTO dispute resolution case in 2012, we
anticipate finding noticeable effects on the price dynamics of REEs.

First, we expect to observe a structural break in the time series of REE prices around
the announcement date, which would indicate a change in their dynamics. Our data strongly
support this notion for most REEs, regardless of whether FOB or China REE prices are used.
We find evidence of structural breaks by applying both Clemente, Montanés, and Reyes’
(1998) procedure and Bai and Perron’s (1998, 2003a, 2003b) procedure, although the latter
has the advantage of being able to handle more than two structural breaks. Next, we calculate
Lo and MacKinlay’s (1988) variance ratio pre- and post-announcement in order to infer
whether the market for REEs is efficient. We find that pre-announcement REE prices do not
follow a random walk, and thus price formation is not efficient. However, after the initiation
of the WTO trial, we find considerably lower variance ratios for all tested REEs. This
indicates a general tendency toward efficiency, but prices still do not follow a random walk.

Second, if the Chinese government reassesses its REE policy and ultimately interferes
less in the market, this policy change should be reflected in the stock price informativeness of
companies in the REE market. The idea is that less informative stock prices convey less firm-
specific information. Their stock price variation can thus be explained to a larger extent by
marketwide factors (see Gul, Kim, and Qiu, 2010). If this conjecture holds, and the Chinese
government changes its REE policy as a result of the WTO event, we would expect the
informativeness of REE stock prices to increase. This is because firm-specific information

tends to take precedence over marketwide factors such as REE prices.

? See TMR (2014), WTO (2014a, 2014b, 2014c, 2014d, 2014e, 2014f), and the online appendix OA1 of Miiller,
Schweizer, and Seiler (2015) for more information on the dispute resolution case.
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We show that the stock price informativeness of companies in the REE industry
increases statistically significantly after the WTO event compared to other industries. This
result is consistent with the view that less intervention by the Chinese government after the
beginning of the WTO trial led to REE company stock prices that were more reflective of
firm-specific than marketwide information.

Third, we analyze model uncertainty for the three option pricing models of Black-
Scholes (1973), Duan (1995), and Heston and Nandi (2000) by comparing their pre- and post-
WTO event price differences. Similarly to the previous argument, that less intervention in the
REE market would reduce exogenously driven erratic price behavior of REEs, the post-WTO
event pricing differences among the option pricing models should be lower if the Chinese
government has reduced its interference. Our results strongly support this notion. The
discrepancies between the models are not only statistically significantly lower, but, with
average reductions of more than 70%, economically meaningful as well.

Note that the high model uncertainty prior to the WTO event presumably contributed
to the blocking of a proposed REE derivatives market. In line with this reasoning, after the
WTO event, the plan to open an REE (derivatives) exchange in China gained increasing
attention. In March 2014, the first REE exchange, the Baotou Rare Earth Products Exchange,
was established, but it does not offer any REE derivatives products (see Bloomberg News,
2014). However, the Shanghai Futures Exchange announced in mid-2014 that they will
enhance their product portfolio by launching REE derivatives (Shen, 2014). The introduction
of liquid REEs and derivatives markets are necessary for suppliers and for user firms to, e.g.,
reduce earnings fluctuations, which will decrease bankruptcy risk and delivery bottlenecks
(see Figure 1, step 4).

Fourth, as a whole, our study contributes to the extant and growing literature on the
effects of trade disputes and the WTQO’s rulings thereof in several ways. While the current

literature concentrates primarily on analyzing shareholder wealth transfers, we provide a
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unique perspective by analyzing how even the announcement of a WTO dispute can induce
governmental changes in existing policies (see Lenway, Rehbein, and Starks, 1990; Lenway,
Morck and Yeung, 1996; and Liebman and Tomlin, 2007, 2008). We extend and complement
these research findings. We provide evidence that, not only does the price-generating process
of REEs change after the WTO event, but we also observe an increase in stock price
informativeness for REE companies.

In summary, we interpret our results as strong support for the notion that governments
accused of violating GATT react to the announcement with policy changes. These actions,
however, are not simply “window dressing,” but rather have statistically significantly and
economically meaningful marketwide effects and implications.

The remainder of this paper is structured as follows. Section 2 provides an overview of
the methodology used for our analyses, while section 3 describes our data gathering process.

Section 4 presents the empirical results of our study. Section 5 concludes.



2. Methodology

2.1. Variance Ratio Tests

Variance ratio tests have been used to test for the random behavior of price
movements since the 1960s. One of the first applications was in Alexander (1961), who
calculated variance ratios for the time series used by Kendall (1953), and concluded that the
price series followed a random walk. Since then, time series ranging from financial market
data such as stock returns (see, for example, Lo and MacKinlay, 1988; Poterba and Summers,
1988; and Ayadi and Pyun, 1994) to economic time series such as GDP (see, e.g., Cochrane,
1988) have been analyzed with the help of variance ratio tests. Charles and Darné (2009)
provide a solid overview.*

One of the most common variance ratio tests is the methodology proposed by Lo and
MacKinlay (1988), which has been applied to various assets such as exchange rates (see Liu
and He, 1991). Thus, if the time series at hand is indeed a random process, the variance of the
increments of the process should be proportional to the sampling horizon because it is linear
in its sampling interval (see Cochrane, 1988; Lo and MacKinlay, 1988; and Poterba and
Summers, 1988). In other words, q times the variance of a time series’ first differences should
equal the variance of a time series’ g-differences (see Liu and He, 1991; Ayadi and Pyun,
1994; and Charles and Darné, 2009). Accordingly, if a time series follows the random walk
hypothesis, the variance of two-month first differences should equal twice the variance of
one-month first differences. Comparing the variances for different sample intervals then
allows us to test whether the time series at hand is governed by a random process (because the
variance ratios should equal 1).

Formally, we calculate the variance ratios as follows:

* There are several different variance ratio tests. See, for example, Chow and Denning (1993) and Whang and
Kim (2003) for multiple variance ratio tests, and Wright (2000) for a non-parametric variance ratio test.
However, most of these tests are based on the main idea originally put forward in Lo and MacKinlay (1988).
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My(@) = 22 p(1) + 22 5(2) + -+ 25(g - 1), (M

where p(k) represents the estimator for the autocorrelation coefficient of order k for the first
differences of the time series at hand (see Lo and MacKinlay, 1988). To allow for deviations
of the time series from normality and from time-varying volatility, Lo and MacKinlay (1988)

develop a test statistic that allows for heteroscedasticity:

2(q) = /nq M, (q)/V4, @)

where 6 denotes the asymptotic variance of M,.(q).

2.2. Unit Root Tests for Time Series Exhibiting Structural Breaks

In addition to testing for the random walk hypothesis by using variance ratios, time
series analyses have long been linked to unit root testing. In the case of a unit root, the process
is non-stationary, and fluctuations due to a random shock are permanent rather than transitory
(Perron, 1988, 1989; and Perron and Vogelsang, 1992).5 However, if structural breaks are
present, standard unit root tests cannot be applied (see Dickey and Fuller, 1979, 1981; Phillips
and Perron, 1988; and Perron, 1988).

Note that a visual inspection of the REE price charts reveals the possibility that the
time series may exhibit structural breaks (see Figure 2). In this case, Perron (1989, 1990)
proposes two approaches that will allow for a one-time trend shift in a time series: 1) the
additive outlier model (AO), and 2) the innovational outlier (I0) model. The AO model
assumes that a break in a time series occurs very suddenly, i.e., a crash model; the 10
approach models the structural break in a time series as gradually evolving through time, i.e.,
a changing growth model.

In Perron’s (1989, 1990) original approach, the structural break in the time series is

determined exogenously. Zivot and Andrews (1992), Banerjee, Lumsdaine, and Stock (1992),

> For a relevant application, see Badillo, Labys, and Wu (1999). These authors analyze prices of different
commodities and find that the time series exhibits trend breaks.
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and Christiano (1992) present different approaches that allow for the endogenous
determination of the breakpoint. See Badillo, Labys, and Wu (1999) for a comparison of
endogenous versus exogenous price break tests.

However, as Figure 2 reveals, the time series of REE prices are likely to exhibit more
than one structural break. Because the tests proposed by Zivot and Andrews (1992), Banerjee,
Lumsdaine, and Stock (1992), Christiano (1992), and Perron and Vogelsang (1992) can only
handle one breakpoint in a time series, Clemente, Montafiés, and Reyes (1998) extend Perron
and Vogelsang’s (1992) approach to a case including two changes in the mean of a time
series. Similarly to Perron and Vogelsang (1992), this test accounts for either a gradual shift
in the mean of a time series (innovational outliers, IO model), or a sudden change in the series
(additive outliers, AO model). For the additional outlier model, we apply a two-step
procedure. Step 1 consists of estimating the following equation:

Ye = U+ 6;DUy¢ + 6,DUy¢ + 31, 3)
where DU,,; =1 for t > Tp,,, and 0 otherwise for m = 1,2. T,,, are the breakpoints,
respectively, and they are located via a grid search. In step 2, the residuals j, from the
regression are used as the dependent variable and are regressed on their lagged values, their
lagged differences, and some dummy variables that are necessary to ensure convergence to
the distribution of the test statistic:

Je = Xl 01iDTy1 i + Xiy 03 DTpp i + pFe—i + X1y 0:AF,_; + ey, “4)
where DTy, . = 1 for t = T, + 1, and 0 otherwise for m = 1, 2. Because ¥, has zero mean,
no intercept is necessary. The minimum t-ratio for the strongest rejection of the unit root null
hypothesis, i.e., p = 1, is found by repeatedly estimating this regression for different pairs of
Ty, and Tp,. However, the test statistic deviates from the standard Dickey-Fuller distribution,
so we compare the minimum t-ratio with the critical values from Perron and Vogelsang

(1992).



For the IO model, we model shocks §; and &, to the series as if they have the same
effect on y, as any other shock; hence, the dynamic effects of DT, ; have the same ARMA
representation as all other shocks. Thus, for the IO model, we can estimate the following
equation:

Ye = 1+ 8 DUy + 8,DUp + 1 DTy ¢ + $2DThp e + pyei + D1y 0;0y,—; + ey (5)

Just as in the AO model, in the presence of stationarity, p should be significantly less
than 1. In both models, breakpoints T}; and T}, and the number of lags k are unknown. The
autoregressive order k is determined via a series of sequential F-tests, while the location of
the breakpoints involves a two-dimensional grid search with regard to the maximum, i.e.,
most negative, t-statistic for the unit root hypothesis of p = 1 (see Baum, Barkoulas, and
Caglayan, 1999; and Baum, 2005, for a review of the methodology).

Whether AO or 10 is more appropriate depends on the assumptions about the
dynamics of the time series: Because the AO model is a crash model, its use is recommended
only if the breakpoint is not related to the dynamics of the time series, but occurs suddenly
instead (Vogelsang and Perron, 1998). In contrast, the IO model is recommended if the
breakpoint evolves gradually over time (Vogelsang and Perron, 1998).

We follow Vogelsang and Perron (1998) and use the AO framework, because its tests
tend to have fewer size distortions in the case of large shifts in the time series. Moreover, the
AO model is robust against misspecifications, i.e., if the data-generating process follows the

IO model, then applying the AO framework will nevertheless yield reliable tests.

2.3. Multiple Structural Change Tests

Because the exact number of structural breaks in a time series is often unknown ex
ante, Bai and Perron (1998, 2003a, 2003b) propose a series of tests to determine the number

of structural changes in a time series endogenously. The first procedure is a double maximum



test of no structural break versus an unknown number of breaks given some upper bound, M.
The two test statistics are:

UDmax Fr(M, q) = maxq<mep Fr(Ae, oo Ams ), (6)
where /Tj = Tj /T (j =1, ...,m) are the estimated breakpoints obtained by global minimization

of the sum of squared residuals, and

c(q.a1)
c(q,a,m)

WDmax Fr(M,q) = max,<pmepm X SUP(,,. amea. Fr(Ae s Am; @),

(7)
where ¢(q, a,m) is the asymptotic critical value of the test sup(a,, 1 yea, Fr(A1, «» Am; ),

_ clqa1)
- c(q,a,m)

a denotes the significance level of the test, and a,, are the weights for m > 1. The

former test is equally weighted; the latter is weighted, where the weights are attached to the
individual tests so as to equalize the marginal p-values across the number of breaks m.

In addition to these global tests, Bai and Perron (1998, 2003a, 2003b) develop a test of
the null hypothesis of ¢ breaks versus the alternative hypothesis of £ + 1 breaks called
supFr (£ + 1|£). In principle, this method applies £ + 1 tests of the null hypothesis of no
structural break versus the alternative hypothesis of one structural break, which is then
applied to each segment containing the observations T;_; to T; (i=1,..,£+1). An
additional break is included as long as the overall minimal value of the sum of squared
residuals is sufficiently smaller than the sum of squared residuals from the model with £

breaks. Formally, the test statistic is given as:
Fr(£1e + 1) = {S(Ty, ..., Ty) = minygizpin infreny, Sr(Tyy oo T, 0. Ty, o, T)} /62,
3
To determine the T‘l-, we use a sequential procedure instead of the global minimizers of

the sum of squared residuals.
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We can determine the number of breaks by using Schwarz’s (1978) Bayesian
Information Criterion (BIC), or a modified version of the Schwarz criterion (LWZ) proposed
by Liu, Wu, and Zidek (1997). However, Bai and Perron (1998, 2003a, 2003b) suggest using
the number of breaks based on the application of the sequential procedure of the supFr (¢ +
1|?) test, as this approach uses a specific to general modeling strategy. Furthermore, in order
to ensure that the estimated breakpoints have the same asymptotic distribution as the global
estimators, we use Bai’s (1997) repartition procedure, and report the re-estimated breakpoints

as well.

2.4. Stock Price Informativeness

2.4.1. Measuring Stock Price Informativeness

Our goal is to measure the impact of the WTO trial on the stock price informativeness
of REE companies. We thus follow the methodology of Gul, Kim, and Qiu (2010) and Tan et
al. (2015) closely. The underlying idea is to calculate the stock price informativeness of
companies in the REE industry, and to compare it for each company i before and after the
WTO event (see Miiller, Schweizer, and Seiler, 2015, for a detailed overview of the
developments during that trial). The measure of choice is stock price synchronicity, as used

by Gul, Kim, and Qiu (2010), which is defined as:
R2
SYNCH,, = log (F) ©)

where SYNCH; ; is the annual stock price synchronicity of company i in year (period) 7, log
refers to the natural logarithm, T = 0 refers to the WTO event, and T = —1 (tr = Pre) to the

year (period) before the WTO event.® Rl-z,r is obtained from the regression in Equation (10):’

® The pre-WTO period (z = Pre) covers August 20, 2009 through March 12, 2012 (2.5 years), and the post-

WTO period (z = Post) covers March 14, 2012 through September 30, 2014 (2.5 years). We set the beginning
(end) date of the pre-WTO period (post-WTO period) to have an equal number of trading days in both periods.
This is done to obtain a balanced sample even if the calendar days suggest otherwise because of public holidays
and stock exchange closures.
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Ryt = a;+ By MR, + By MR,_ + B3 - IR + B, - IRY, + ¢, (10)
where R;; is the daily stock return of company i on day t, and MR, is equal to the market
index return on day t. The proxy for the market index is the daily aggregated market return

index with cash dividends reinvested (volume-weighted) for all A shares (listed on either the

Shanghai or Shenzhen stock exchange) from CSMAR.® Ijo ) represents the industry index
return on day t for the respective industry j, based on the six industry classifications from
Industry Code A.

We consider only three of the six industries simply because REE industry companies
are only present in Utilities, Conglomerates, and Industry. A company is included in the
respective industry if 1) it is active during the 2.5 years before and after the beginning of the
WTO trial on March 13, 2012, 2) we observe minimum liquidity, meaning that daily return
data is available for at least 200 trading days for the two years before and after the WTO
event,” and 3) the equally weighted industry index is unique for every company i, because all
companies within the same industry (satisfying conditions (1) and (2)) are considered except
company i. Our final sample is comprised of 834 companies (with A shares) in the three
industries Utilities (111), Conglomerates (34), and Industry (689) that satisfy these
conditions.

The idea is as follows: High R?s in the market model regression (see Equation (10))
mean that most of a company’s price fluctuations are explained by marketwide and/or
industrywide information (high stock price synchronicity), and fewer are explained by firm-
specific information (low stock price informativeness). Put differently, the higher the R?, the

lower the measure for stock price informativeness, and thus a company’s stock price will

" In unreported results, we tested the robustness of our results for a reduced market model with the following
form: R;; = a; + 1 * MR, + &;;. The results are highly similar in terms of magnitude and statistical significance
and are available from the authors upon request.

¥ In unreported results, we used the equally weighted index instead, and our results are virtually identical to those
obtained using the value-weighted index. Tables are available from the authors upon request.

° For the two half-year periods (from 2 to 2.5 years) before and after the WTO event, we require at least daily
available return data for 100 trading days.
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contain less company-specific information (see, e.g., Chen, Goldstein, and Jiang, 2007, for a
more detailed discussion). In line with Gul, Kim, and Qiu (2010), we apply a logistic
transformation to circumvent the bounded nature of R* within [0, 1] and calculate SYNCH; ,
(see Equation (9)). Thus, a higher R? leads to a higher stock price synchronicity measure
SYNCH,; ., and implies greater co-movements with market- and/or industrywide information
and fewer with company-specific information. It follows that developed markets such as the
U.S. have lower R* and lower (usually negative) SYNCH; ; than emerging markets.

Finally, to identify implicitly with a statistical method, and analogously to our
previous approach, we run the following regression for companies in the REE industry. We
again calculate the R? for all 834 companies that satisfy the three conditions above:

Riy = a; + 1 - REER, + &;4, (11)
where REER; is the respective “REE index” return on day t. Our rationale is that higher R%s
mean a higher proportion of companies’ stock price variations can be explained by REE price
movements. Therefore, companies have a higher exposure to the REE industry.

However, there is no single best way to identify companies in the REE industry based
on this search strategy, so we tried a few alternatives. We first construct four REE indices
containing the four most important elements, cerium (Ce), lanthanum (La), neodymium (Nd),
and yttrium (YY), which make up about 90% of total REE usage (see Goonan, 2011), and we
calculate a usage-weighted index and an equally weighted index based on FOB (foreign) and
China prices (see Figure 2; Morrison and Tang, 2012; and Bailey Grasso, 2013, for more
details about the different price schemes).

In the next step, we select the 10, 25, and 50 companies with the highest R? in
Equation (11) in the following selection periods: year 1 prior to the WTO event (t = —1),
year 2 prior to the WTO event (t = —2), and the pre-WTO event period (t = Pre) (which
covers the 2.5-year period before the event). This leaves us with thirty-six possible

combinations: 3 (10, 25, and 50 companies) X 3 (t = —1, —2, and pre-selection period) X 2
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(REE Index based on FOB and China prices) X 2 (equally and usage-weighted REE Indices)
= 36. We manually checked five companies identified as having the highest correlation with
the REE indices, and found that all operated directly in the REE industry or held stakes in
companies in the REE industry (see Table A2 in the appendix). Therefore, we are convinced
that this procedure is suitable for identifying companies with REE exposure.

In unreported results, we complemented this implicit approach for REE company
identification with an explicit approach. Similarly to Miiller, Schweizer, and Seiler (2015), we
used only publicly listed companies on the Shenzhen or Shanghai stock exchange that are
mentioned in MOFCOM’s REE export quota announcements. This approach has a clear
advantage in that those companies have been determined to be in the REE industry.

However, that advantage comes with certain disadvantages, because we capture only
REE mining companies, or companies that are relatively early in the REE supply chain
(refining). Chinese high-tech companies, for example, are also arguably affected by REE
price development. Furthermore, we are left with a maximum of fourteen companies (not all
were listed for the entire pre-/post-WTO period), which most likely significantly
underestimates the industry. Nevertheless, the results of this approach are similar in terms of
magnitude to the implicit approach, but with a lower statistical significance. This is

attributable at least to some extent to the smaller sample size.

2.4.2. Testing for REE Stock Price Informativeness Differences around the WTO Event

To test whether our prediction of increasing REE stock price informativeness after the
WTO event is correct, we first provide all univariate evidence by comparing REE stock price
synchronicity before and after the event. We then provide multivariate evidence, while
controlling for the reference group and firm characteristics. The univariate test is as follows:

ASYNCH;[1,r,) = SYNCH,;;, — SYNCHj ., (12)
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where SYNCH; ; corresponds to the calculation from Equation (9), 7, stands for the respective
period prior to the WTO event, and 7, stands for the period afterward. The [1,; T, ] periods we
compare in the univariate tests are [T_1; T41], [T-1; T42], and [Tpre; Tpost], Where [T_q; T41] is
the one-year period pre- and post-WTO event, and [Tp,ss; Tpre| 1S the symmetrical 2.5-year
period pre- and post-WTO event.

If we observe an increase in stock price informativeness (corresponding to a decrease
in stock price synchronicity) following the WTO event, we would expect the Riz,rz from
Equation (11) (and thus the resulting SYNCH;.,) to be lower afterward than before (7).
Consequently, we expect the ASPI; [, ..,1 for the REE industry companies to be statistically
significantly lower than zero.

The following example illustrates this prediction using Hubei Biocause
Pharmaceutical Co. Ltd., which Equation (8) identifies as being among the ten companies
with the highest R? in the pre-WTO period. For this company, which has major holdings in
China Minmetals Corporation (a mining company that also operates in the REE industry), we
observe a -0.12 stock price synchronicity one year before the WTO event (SYNCH; _,)
(corresponding to an Ri2,_1 of 0.47). In the year after the WTO event, the stock price
synchronicity decreased to -0.49 (corresponding to an RL-Z,+1 of 0.38). This resulted in a -0.37
change in stock price synchronicity (ASYNCH;[,4,—4)), which means that stock price
informativeness increased as hypothesized in response to the WTO event.

To test for a relationship between the WTO event and the change in stock price
informativeness in an OLS regression framework, we estimate the following basic structure of
the regression model. This allows us to control for further potentially explanatory factors:

SYNCH; = a + 8, - PreWTO(t;) X REEC + 8, - PostWTO(z,) X REEC

+2vj Controlsj,_1 + & + &, (13)
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where the dependent variable SYNCH, is the annual stock price synchronicity calculated as
in Equation (9), PreWTO(t,) is a dummy variable equal to 1 for the pre-WTO period, and 0
otherwise, PostWTO(t,) is a dummy variable equal to 1 for the post-WTO period, and 0
otherwise, and REEC is also a dummy variable equal to 1 if the company is identified as a
REE company (hereafter, REEC) according to Equation (11), and 0 otherwise. Our control
variables are government holdings (Top Gov), trading volume (Volume), tirm size (Size),
debt ratio (Leverage), standard deviation of the return on assets (Std(RoA)), market-to-book
ratio (M /B), number of companies in the industry (Ind_Num), and industry size (Ind_Size).
&, are year fixed effects to control for potential macroeconomic trends in China (see appendix
A4 for detailed variable descriptions and calculation methods). Given our previous
argumentation, we do not show PreWTO(t;) or PostWTO(t,) explicitly in the regression
tables. We use robust standard errors and omit firm-level notations for clarity in presentation
of Equation (13).

The spirit of the regression is similar to a difference-in-differences (DiD) approach.
The WTO event serves as an exogenous event that is expected to have an effect on REECs but
not on other companies. Therefore, the REECs serve as a so-called treatment group, while all
other firms serve as the control group. Within our regressions, we divide the sample into two
periods, before (PreWTO0(t,)) and after (PostWTO(t;)) the announcement of the WTO trial.

We are predominantly interested in the DiD coefficients [; and f5,. If the REECs
exhibit higher stock price synchronicity (lower informativeness) before the WTO event than
the control group, we would expect f8; to be positive.'® After the exogenous event, we expect
the stock price synchronicity measure SYNCH to drop compared to the pre-WTO period, thus
implying f; > f,. This would indicate that the SYNCH measure of REECs decreased relative

to the unaffected control group companies after the WTO event. A change from a positive

' Note that larger R?s imply higher SYNCH, and thus higher market information and lower company-specific
information than with lower R?s and lower SYNCH.
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sign for f; to a negative one for 3, is arguably the strongest effect, meaning that REECs
exhibited higher values of SYNCH than the control group before the WTO event, and lower
values afterward. If the WTO event did not affect the SYNCH measure of REECs, then we

expect 3, to be insignificant.

2.5. Derivatives Pricing

Our goal is to determine whether market participants face less option pricing model
uncertainty after the WTO event than beforchand. Our proxy measures are the pricing
differences among three option pricing models: Black-Scholes (1973), Duan (1995), and
Heston and Nandi (2000). We interpret larger differences as higher option pricing model
uncertainty, and, if our intuition is correct, we expect the differences to decrease after the
WTO event. As we mentioned earlier, there are no option exchanges for REEs yet. Thus, we
are unable to compare the option pricing model results with actual option prices observed in a
market.

Given that, we choose three option pricing models exogenously and calculate option
prices under the assumption of how market participants would use them. We therefore aim not
to identify the “best” option pricing model for REEs, but rather to establish that the pricing
differences among models become smaller after the WTO event.

For the first “static” analyses, our research design is similar to a DiD approach, using
the WTO event as an exogenous shock and comparing option price differences before and
after the event. We use the term “static” because we compare option prices at two different
points in time—at the WTO event date, and thirty months later (September 15, 2014).

To elaborate, we compare option prices at the WTO event date (s = 0), as well as on
September 15, 2014 considering respectively the stream of information from REE prices for
the previous thirty months. To derive the option prices at the WTO event date, we use the

REE price developments before the WTO trial announcement (PreWTO period), and, for
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September 15, 2014, the REE price developments afterward (PostWTO period) (see Figure 3
for a visual representation). The comparison is based on the absolute option price differences
between 1) Black-Scholes (1973) and Duan (1995), 2) Black-Scholes (1973) and Heston and
Nandi (2000), and 3) Duan (1995) and Heston and Nandi (2000)."

We sum the three option pricing differences (PD) for puts and calls for 35 [= 7 times
to maturity x 5 strike prices] distinct option price difference combinations of time to maturity
and strike price. The calculation is as follows:

PDprewro(REE|FS), = X1-1 ¥5_,[|BSij — NGARCH;;| + |BS;j — HN;j| + [NGARCH;; — HN;;

I, (14a)
PDposewro(REE|F) . = X7y X3-4[|BSi; — NGARCH;;| + |BS;; — HN;;| + [NGARCH;; — HNyj|], (14b)
DiD), = PDPostWTO(REEk|Tt)k - PDPreWTo(REEk|Ts)k: (15)

where REE) are the REEs (k =cerium, lanthanum, neodymium, and yttrium), and BS;j,

NGARCH;j, and HN;; represent the Black-Scholes (1973), Duan (1995), and Heston and

js
Nandi (2000) option prices for either put or call options with seven strike prices [i =
85%, 90%, ...,115%] and five times to maturity as measured in months [j = 1,3, 6,9, 12].
PDp,owro refers to the sum of the differences in option prices based on the different
models, and based on information thirty months prior to the WTO event date (PreWTO
period). PDp,stwro 1S the sum of the differences in option prices based on the different
models, and based on information thirty months after the WTO event date (PostWTO
period). Filtration F, i.e., F;, is all information available beginning thirty months prior to the
WTO event until the WTO event date (-30 months < WTO event date (s)), and F; is all

information available beginning at the WTO event date until thirty months afterward (WTO

event date (s) < +30 months (t)).

"' We consider GARCH option pricing because we find that the time series returns of REEs exhibit GARCH
effects (see Figure Al in the appendix).
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Black-Scholes (1973) obtain their option prices by using a block bootstrap approach to
incorporate the possible time-dependent structure in REE returns (see appendix A5 for more
details). The two GARCH option prices—Duan (1995) and Heston and Nandi (2000)—are
derived as follows:

a) Duan’s (1995) NGARCH model:

Motivated by the success of GARCH models in estimating and forecasting volatility,

Duan (1995) first proposed an NGARCH (1,1) option pricing model. Given the asset price

stream, we assume the dynamics are:

S 1
lnts—+t1 =75 + AWheer = S hewr + Aera€ea, (16)
hev1 = Bo + Prhe + Bohe(er — V)Z, (17)

while the risk-neutral process is:

S 1
ln;_+t1 =T — Eht+1 + Vhes1Ves1s (18)
hes1 = Bo + Bihe + Pohe(ve — w)?, (19)

where w =y + A.
b) Heston and Nandi’s (2000) model:

Given the asset price stream, we assume the dynamics are:

s 1
In tS:l =1+ ()L - 5) hevr + Rev1€esn, (20)
2
hevr = Bo + Prhe + Ba(ec —vi/he) (21)

while the risk-neutral process is:

s 1

ln;_T =1 = S hesr + VA1 Ve, (22)
2

hiv1 = Bo + B1he + B (Ut — W,/ ht) , (23)

where w =y + A.
Duan (1995) assumes a locally risk-neutral valuation relationship (LRNVR) to

measure the return process by adjusting asset-specific drift terms under the risk-neutral
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distribution. Heston and Nandi (2000) generally follow the LRNVR concept, and formulate
an affine GARCH model that yields a closed-form solution. Note that such risk neutralization
is conducted by means of linear pricing kernels and is not unique. For both GARCH models,

we optimize the following likelihood to get the GARCH parameters:

Lo 237, {ln he + (R —7—(n—1) ht)2 /ht}. (24)

The GARCH option prices are then generated by Monte Carlo simulations,'* with

C, = e "TE?[max(Sy — K, 0)]. (25)

This static approach has the clear advantage of being intuitive. However, it has the
disadvantage that we cannot rule out alternative explanations such as non-normally distributed
REE returns, or results that are sensitive to choosing only two points in time for the option
price calculations. Furthermore, we can only evaluate the economic significance of the results,
not the statistical significance.

To address these concerns, we apply a consecutive “triple-difference” (DDD)
approach, and construct three subperiods of equal length: sixty months prior to thirty months
prior to the WTO event (PrePreWTO period), thirty months prior to the WTO event to the
WTO event (PreWTO period), and from the WTO event to thirty months afterward
(PostWTO period) (see Figure 3, panel B, for a graphic representation). The spirit of the
DDD is that it identifies whether the differences in option prices between the first two
“control” subsamples (PrePreWTO and PreWTO period) are consistently lower than those
between the latter two “treatment” subsamples (PreWTO and PostWTO period), which
would indicate a clear (causal) influence of the WTO event.

To see whether results are robust for different times to maturity, strike prices, and
option pricing models, we provide evidence separately and split the pricing differences. The

following illustrates the formulas for call options based on pricing differences between the

'> One of the major advantages of Monte Carlo option pricing is its flexibility. For examples, see, e.g., Ibafiez
and Zapatero (2004).

20



Black-Scholes (1973) and Duan (1995) models (|BS — NGARCH|) with a time to maturity of
one month (y = 1m) (see framed dotted cells shaded in grey in Table 12). This results in 210

option prices [210 = 7 strikes and 30 consecutive months] per model. The calculations for the

DDDs are as follows:

PDpyeprewro(REE.|F) i (y = 1m; |BS — NGARCH| ) = Y3245 210 g5|BSmi — NGARCH.yy|, (262)
PDpyewro(REE|F)i(y = 1m; |BS — NGARCH|) = ¥k _54 X12565|BSmi — NGARCH |, (26b)
PDposewro(REER|F)(y = 1m; |BS — NGARCH| ) = X243 1250 |BSim; — NGARCH, 1, (26¢)

—= 1
Dle(PreWTO - PrePreWTO)(yzlm; |BS—NGARCH|) m(PDPreWTo(REEkw:s)k — PDpreprewro (REEL|F) k)

(27a)

_ 1
Dle(PT”GWTO - POStWTO) E(PDPreWTO(REEles)k — PDposewro (REE,|Fp)y)

(y=1m; |BS—NGARCH|) ~_

(27b)

DDDy 1 m: 1ps—nGarcip) = DtDk(PreWTO — PostWTO) — DiDy (PreWTO — PrePreWTO) (27¢c)

To obtain the Black-Scholes (1973) option prices, we construct a consecutive monthly
return path that estimates the volatility. In other words, for the option prices calculated, e.g.,
59 months before the WTO event date, we use only REE price information from the previous
month (-60). For the following consecutive month (-58), we use only information from the
previous month (-59). We thus refer to this approach as consecutive, because we always use
the prior month’s information to price the options.

For each sample period, we estimate the Heston and Nandi (2000) and NGARCH
models with maximum likelihood estimation based on the REE price information available in
the respective subperiod. We further simulate the GARCH option prices by using Monte
Carlo methods based on filtered end-of-month volatilities. Despite the analytical solutions
from both the Heston and Nandi (2000) and Black-Scholes (1973) models, we use simulations

to price the options in order to ensure a fair comparison.
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Finally, we test whether the DiD mean values from the “control” period
(D1Dy (PreWTO — PrePreWTOQ)) are lower than those from the “treatment” period
(DD, (PreWTO — PostWTO0)), which would mean that DDD,, is statistically significantly
greater than zero.

— Please insert Figure 3 about here —
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3. Data

Our data span January 2004 through September 2014, and come from the following

databases:

The REE prices for La, Ce, Nd, and Y come from the Asian Metal database. Because
of the dual pricing system of REEs, we consider both FOB (export) and China
(domestic) prices, which are in USD/kg. If USD prices are not available, we use the
official CNY/USD exchange rate available from the Federal Reserve System. Note
that we do not use metal prices because oxides have much higher trading volumes (see
Jackson and Christiansen, 1993). To study market informativeness, we calculate a
usage-weighted REE index (based on domestic prices—see appendix A3 for a
robustness check for China prices).

Chinese companies in the REE industry must be listed on either the Shenzhen or the
Shanghai stock exchange. Firm characteristics (government holdings (Top Gov),
trading volume (Volume), firm size (Size), debt ratio (Leverage), standard deviation
of return on assets (Std(RoA)), market-to-book ratio (M /B), number of companies in
the industry (Ind_Num), industry size (Ind_Size)), and stock price data for all
Chinese companies come from or are calculated by using CSMAR. Following Miiller,
Schweizer, and Seiler (2015), we exclude initial listing day returns due to extreme
returns. If a company’s stock is not traded, we set the return to zero. Finally, we
calculate the market index as the value-weighted average index of all listed companies
on the Shenzhen or Shanghai stock exchange, and similarly an industry index as the

value-weighted average index for the respective industry.
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4. Results

4.1 Descriptive Statistics

Because the REEs are not of equal economic importance (Long et al., 2010), we focus
in this article on the four elements with the highest consumption: cerium oxide (Ce),
lanthanum oxide (La), neodymium oxide (Nd), and yttrium oxide (Y). 2008 consumption
statistics show that these four elements jointly account for about 90% of total REE
consumption: Ce at 42,220 metric tons/32.94%, La at 38,665 metric tons/30.16%, Nd at
22,868 metric tons/17.84%, and Y at 11,610 metric tons/9.06% (see Goonan, 2011).

Table 1 shows the descriptive statistics for the time series of REE oxide prices; Table
Al in the appendix shows the descriptive statistics of the log returns."> All calculations are on
a USD/kg basis. We obtain REE prices from the Asian Metal database for the January 1,
2004-September 30, 2014 period. If the USD prices are not available, we use the official
CNY/USD exchange rate provided by the U.S. Federal Reserve System. Panel A (PreWTO)
presents the descriptive statistics for the 2.5-year period prior to the launch of the WTO
dispute resolution case on March 13, 2012; panel B (PostWTO) presents the descriptive
statistics for the 2.5-year period after the WTO event.

Examining the mean of the USD/kg prices, it seems obvious that the dual pricing
system leads to higher export prices (FOB prices) for the same elements than the China
domestic price. This is further underlined by the fact that the median FOB price is higher than
the domestic price for all elements, which holds for both the period before and the period after
the launch of the WTO trial on March 13, 2012. However, in the post-WTO period, both FOB
and China prices substantially decrease (see also Figure 2). Furthermore, the dispersion of

prices as measured by their standard deviations decreases as well. More importantly, the

"> All REE log returns exhibit positive skewness except the FOB price of yttrium oxide. Regarding the fourth
moment, the log return series are generally leptokurtic.
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differences between the domestic and export prices decreased after the initiation of the dispute
resolution case against China.

Regarding the descriptive statistics, all the time series of REE prices exhibit positive
skewness, except the FOB price of yttrium oxide in the pre-WTO period. Moreover, all the
time series of prices are platykurtic before the WTO event, but the FOB prices of neodymium
and ytterium oxides and the China price of neodymium oxide become leptokurtic in the post-
WTO period.

— Please insert Table 1 about here —

4.2 Results of the Variance Ratio Tests

The goal in this subsection is to provide the first evidence about the effect of the WTO
event on the price behavior of the four most important REEs (cerium, lanthanum, neodymium
and yttrium). To do so, we calculate variance ratio tests for the series of REE prices based on
weekly prices, as in Lo and MacKinlay (1988) and Liu and He (1991).'"* We report the
calculated variance ratios M,(q) + 1 in the main rows, and the test statistics z*(q) in
parentheses for FOB and China prices. We then compare the results from the pre-WTO period
(thirty months before the announcement) with those from the post-WTO period (thirty months
after the announcement).

We find that, in the pre-WTO period, the random walk hypothesis must be rejected for
all REE oxide prices for all aggregation levels at least at a 5% significance level (see Table 2).
When using the heteroscedasticity-robust test statistic, we also find that our results are not due
to time-varying variances, because all variance ratios are larger than 1. As Equation (1)
implies, the variance ratio for an aggregate value of g = 2 in the first column of Table 2
should be equal to p(1) + 1, i.e., the first-order autocorrelation coefficient of the one-week

returns plus 1. Accordingly, the value of M,.(q) + 1 = 1.418 for FOB prices of lanthanum

'* We also report results based on monthly REE prices as a robustness check at the end of subsection 4.3 (see,
e.g., Poterba and Summers, 1988, for different levels of data granularity).
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prior to the WTO event indicates that the autocorrelation of order 1 for weekly returns is
about 42%. This effect becomes more pronounced when increasing the aggregation value q.

Interestingly, and in line with our intuition, the variance ratios for almost all REE
prices and aggregation levels decrease considerably after the launch of the WTO dispute
resolution case (except for FOB prices for cerium oxide at an aggregation value of g = 2, and
for neodymium oxide at aggregation levels of ¢ = 2 and q = 4). For higher aggregation
values, the variance ratios for all REEs dramatically decrease, up to about 70% (see “Rel.
Dif.” in Table 2). However, despite this substantial drop, it is not sufficient for the price
behavior to be regarded as a random walk (expect for China prices for cerium and yttrium for
q = 2).

In summary, our results are consistent with the notion that, after the WTO event, REE
price behavior ultimately changed, resulting in lower variance ratios. This is indicative of
changes that enhanced the pricing efficiency of REEs. However, the results are indicative
only, and we complement them with structural break tests in the following subsection.

— Please insert Table 2 about here -

4.3 Results of the Structural Break Tests

In this subsection, we aim to determine whether the WTO event is related to a change
in the REEs’ prices, without exogenously setting the date as we did in the previous analyses.
We therefore test for unit roots and allow for structural breaks in the time series. We begin
with the test proposed by Clemente, Montafiés, and Reyes (1998), which can handle two
structural breaks in a time series. For cases with more than two, we also use Bai and Perron’s
(1998, 2003a, 2003b) testing procedures, which allow for multiple breaks. However, note that
both approaches have advantages and disadvantages, and neither is categorically superior. If

the WTO event has an impact on the price behavior of REEs, we expect both methods to
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locate a structural break around the WTO event, which occurred on March 13, 2012 (calendar
week 11 in 2012).

The results of Clemente, Montafiés, and Reyes’s (1998) unit root test show that the &
estimates clearly underline the importance of mean shifts. For the first breakpoint, all time
series exhibit a strong upward mean shift (all §; > 0) that is statistically different from zero;
for the second breakpoint, all series exhibit a strong downward mean shift (all §, < 0) (see
Table 3). An upward shift in the first half of 2011 (the location of the first breakpoint, T4,
spans 2011:09 to 2011:31) is followed by a downward shift in the second half of 2011 and the
first half of 2012 (the location of the second breakpoint, T}, spans 2011:38 to 2012:39).
Because none of the unit root test statistics exceeds the critical threshold of t,_; ~ —5.49, we
cannot reject the presence of unit roots in the time series of the REE prices. Hence, shocks to
the time series seem to be permanent rather than transitory.

Regarding the timing of the break dates, we note that the launch of the dispute
resolution case against China on March 13, 2012 seems to be the major driver of the
downward correction of REE prices. The beginning of the price correction generally coincides
with the launch of the WTO trial. This result holds for both FOB and China domestic prices,
except for the FOB prices of lanthanum and cerium with structural breaks at the end of 2011.
This result fits very well with our intuition that the price behavior of REEs changed at the
beginning of the WTO resolution case.

— Please insert Table 3 about here —

Next, we use Bai and Perron’s (1998, 2003a, 2003b) tests as an alternative
methodology for estimating the breaks in REE prices. The results can vary significantly. For
example, for the FOB price of lanthanum, the information criteria (BIC and LWZ) suggest
two breakpoints, while the statistic of the sequential supF (€ + 1|#) test indicates four (see
Table 4). The test statistics of the global test provide contradictory results, because two breaks

are identified according to UDmax, while WDmax identifies five. We follow Bai and

27



Perron’s (1998, 2003a, 2003b) suggestion and use the sequential procedure of the supFr (£ +
1|2) test to determine the number of breaks and dates.

We find that, based on the original sequential procedure, the dates for the first break
are generally located in the second half of 2010/first half of 2011 (the dates for the first
breakpoint span calendar week 29-2010 to calendar week 10-2011)."> More interestingly, and
in line with Clemente, Montafiés, and Reyes’s (1998) results, we find breakpoints located
relatively close to the announcement of the WTO event (the dates for the second breakpoint
span calendar week 9-2012 to calendar week 31-2012), except for the China price of
lanthanum and the FOB price of yttrium (see Table 4).

Note that the number and location of the breakpoints vary considerably when using
Bai and Perron’s (1998, 2003a, 2003b) tests. However, similarly to Clemente, Montafiés, and
Reyes’s (1998) results, we generally find that the break dates are within a reasonable time
horizon after the WTO event. It seems unrealistic that the REE price behavior would change
immediately. We interpret this as further support for the notion that the launch of the WTO
dispute resolution case against China is related to changes in REE price behavior.

— Please insert Table 4 about here —

As a robustness check, we use a monthly sampling interval for both variance ratio tests
to check for efficiency and the additive outlier unit roots test in the presence of two structural
breaks.'® The results are virtually identical for a weekly sampling interval: None of the
elements is price formation-efficient, as all variance ratios deviate significantly from 1.
Regarding the structural break tests, all identified breakpoints show a highly significant

upward shift after the first break, and a corresponding downward shift after the second break.

!> Note that the break dates identified by Bai and Perron’s (2003a, 2003b) supF (£ + 1|#) test (presented in the
main rows) and Bai’s (1997) repartition procedure (presented in brackets below the main rows) in Table 4 are
not in chronological order, but are as identified by the testing procedure.

' The use of monthly data for unit root testing and detection of structural breaks is common. See, for example,
Badillo, Labys, and Wu (1999) and Baum, Barkoulas, and Caglayan (1999). Regarding variance ratio tests, Lo
and MacKinlay (1988) use a four-week sampling period for their sensitivity analysis. Similarly, Poterba and
Summers (1988) and Ayadi and Pyun (1994) use monthly data for their variance ratio tests.
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None of the unit root statistics is statistically significant, and the presence of unit roots cannot
be rejected. Consequently, shocks to monthly time series are permanent instead of transitory.
The structural break dates are also highly comparable.'’

In summary, we find multiple streams of evidence that the price-generating process of
REEs changed in response to the launch of the WTO trial, and experienced a structural break
in such a way that the variance ratios of REE prices shrank thereafter. However, we have not
yet determined whether the changes are economically meaningful. We address this in the next
two subsections by analyzing the impact on stock price informativeness and on derivatives

pricing.

4.4 Results for Stock Price Informativeness

This subsection provides evidence about the differences in stock price informativeness
before and after the WTO event. First, we present univariate evidence only for companies in
the REE industry. Second, we use a multivariate DiD setting to illustrate the change in stock
price informativeness of REE companies compared to other companies in the same industry.
Finally, we conduct several robustness checks of the results for alternative estimation
strategies and for REE industry identification strategies.

The average stock price synchronicity measure for all firms in the sample is -0.369
(see Table 5), which is similar to the -0.232 reported by Gul, Kim, and Qiu (2010), but much
larger than the -1.742 reported by Piotroski and Roulstone (2004) for U.S. firms."® The rather
small difference from Gul, Kim, and Qiu (2010), who also analyze Chinese companies,
presumably stems from the deviation in time periods, and the restriction to only the three

industries possibly related to REEs in our sample. We attribute the difference from Piotroski

7 Tables showing monthly time series results are available from the authors upon request.

'8 Comparing the means for the other firm-specific characteristics in our sample with the means reported in Gul,
Kim, and Qiu (2010), we find that only Volume and M /B appear to differ. The mean Volume in our sample of
3.560 is higher than the 1.245 found by Gul, Kim, and Qiu (2010), which can be explained by the fact that
trading volume in Chinese stocks increased over the years. The M /B in our sample is also higher, which could
be attributable to the use of different sample industries and different time periods in the analysis. Furthermore,
Gul, Kim, and Qiu (2010) divide by total net assets instead of book value of equity to calculate M /B.
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and Roulstone’s (2004) results to differences in stock price synchronicity in emerging versus
mature stock markets.
— Please insert Table 5 about here —

In a univariate setting, we compare the stock price synchronicity measure of REE
companies before and after the WTO event, as calculated in Equation (12). We test whether it
significantly decreased after the WTO event by using t-tests. A decrease in stock price
synchronicity implies that the REE companies co-move to a lesser extent with market- and
industrywide information, and therefore exhibit more firm-specific information. This notion is
statistically supported by the evidence in Table 6, which shows that the stock price
synchronicity of REE companies decreased after the WTO event.

However, we observe the strongest support in terms of statistical significance when we
compare the 2.5 years before the WTO event with the 2.5 years afterward, where the t-
statistics range from -1.402 to -9.743 (see column [Pre; Post] in Table 6). The “weakest”
support is provided for the shortest time period (one year) after the WTO event (see column [-
I; +1] in Table 6). This makes sense intuitively, because we cannot expect the stock price
synchronicity to change with a similar speed as stock returns, which can incorporate new
information instantaneously. Stock price synchronicity is measured only once a year in a
regression framework, which means that, if synchronicity is changing with a certain delay to
the WTO event, the change will be less pronounced in the subsequent year. This will be
reflected by lower t-statistics (in absolute terms). Thus, the change in synchronicity is
expected to be slow or creeping. This view is supported by the fact that the t-statistics increase
almost monotonically the more distant the post-WTO period is from the WTO event (compare
columns [-1; +1], [-1; +2], and [Pre; Post] from top to down in Table 6).

Note that these results are less pronounced when using the REE indices based on
China prices instead of FOB prices to identify companies in the REE industry. They are also

statistically insignificant for the examination one year after the WTO event (see column [-1;
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+1] in Table 6). We argue that this may be attributable to a less precise selection of companies
in the REE industry, because, for Chinese companies, FOB prices are more relevant for stock
price movements. Consider the following explanatory examples.

As shown in Figure 2, FOB prices are always higher than China prices. Therefore, an
increase in FOB prices would be even more important for REE mining companies that export
REEs and could thus generate additional revenue. Moreover, REE user companies can
purchase REEs at cheaper China prices than outside competitors, which gives their end-
products a competitive advantage. Both effects, however, are captured less than completely in
the selection process, because the REE indices are based on China prices.

In summary, we interpret our univariate results as strong support for the notion that
stock price synchronicity (informativeness) decreased (increased) significantly after the WTO
event. The results are arguably stronger when FOB-based REE indices for REE company
identification are used, and when the comparison period after the WTO event is further from
the event to allow the synchronicity measure to better unfold.

— Please insert Table 6 about here —

Despite this univariate evidence, we have not yet controlled for other alternative
explanations, such as a general regressive tendency of stock price synchronicity in the
Chinese market due, e.g., to higher transparency or enforcement, or for firm characteristics
such as company size. In the multivariate DiD analyses, we aim to isolate the effect of
changes in stock price synchronicity for REECs in response to the WTO event, and to then
control for other potentially influencing factors.

Table 8 shows the regression results for OLS regressions that explain stock price
synchronicity (including firm-specific controls and time fixed effects).” We are primarily

interested in the coefficients for the variables PostWTO(t,) X REEC and PreWTO(t,) X

' Table 7 shows the correlation matrix for all variables used in the multivariate analyses.
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REEC (the DiD coefficients).”’ The interaction between the pre-WTO dummy variable and
REEC is statistically significantly positive for all specifications at the 5% and 1% levels (t-
statistics range from 2.17 to 4.51, for 10, 15, and 50 REECs, equally or usage-weighted REE
index based on FOB prices).

This means that stock price synchronicity for REECs before the WTO event was
statistically lower than for non-REECS in the same industries. This effect could be attributed
to the previously discussed aggressive governmental regulation that REECSs face, for example,
the setting of export quotas with the so-called MOFCOM announcements. However, the
coefficient on the interaction PostWTO(t,) X REEC is negative and statistically significant
at least on a 10% level in all specifications (t-statistics range from -1.88 to -3.33). This
suggests that the WTO event caused a significant drop (increase) in stock price synchronicity
(informativeness) for REECs relative to non-REECS in the same industries.

The signs of our controlling variables are in line with those reported in related works.
We find a statistically significantly positive relationship between firm size (Size) and stock
price synchronicity on a 1% level for all specifications, which means that larger companies in
China are tied more to market and industry developments than comparable smaller companies
(see Chan and Hameed, 2006; and Gul, Kim and Qiu, 2010). Furthermore, M /B is statistically
negative at a 10% level for all specifications, implying that companies with more growth
options convey more firm-specific information and thus have higher stock price
informativeness (see Gul, Kim, and Qiu, 2010).

Finally, our control variable for government ownership (Top Gov) reveals that
government control is negatively correlated with proper governance and with weaker

shareholder protection (managerial entrenchment), which leads to higher stock price

%% The multivariate results correspond to the univariate evidence. To clarify, the corresponding univariate results
are framed with dotted lines in Table 6. Specifications (1)-(3) are the multivariate pendants of the univariate
results from Table 6 in panel (A), Equally Weighted FOB REE Index, for a selection period of two years before
the WTO event and a [Pre; Post] comparison. Similarly, specifications (4)-(6) are the multivariate pendants of
the univariate results from Table 6 in panel (C), Usage-Weighted FOB REE Index for a selection period of two
years before the WTO event and a [Pre; Post] comparison.
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synchronicity (see Shleifer and Vishny, 1994; and Gul, Kim, and Qiu, 2010). This effect is
also present in our results by a positive and statistically significant coefficient at a 1% level in
all specifications.

— Please insert Tables 7 and 8 about here —

We conclude this section with a few robustness checks. First, we apply alternative
estimation strategies to test for robustness of the OLS regressions in Table 8. One concern
with using OLS regressions is that the stock price synchronicity measure is rather sticky over
time and can thus exhibit autocorrelation. To address this concern, we apply two-stage least
squares regressions with Newey-West (1987) standard errors and lag(1) (see panel A of Table
9, which replicates our main model from Table 8). Note that the signs and the t-statistics for
both DiD coefficients are comparable to those in Table 8, suggesting that potential
autocorrelation in the stock price synchronicity measure does not affect our results.’

Next, we use a panel regression random effects estimator with robust standard errors
(see panel B of Table 9). The results are highly similar in terms of magnitude to Table 8 and
to panel A of Table 9, although the power of our tests decreases. We again find negative
coefficients for the interaction PostWTO(t,) X REEC and positive coefficients for
PreWTO(t,) X REEC, but the latter is no longer statistically significant when we restrict the
number of companies in the REE industry to ten. However, the negative coefficient on
PostWTO(t,) X REEC remains statistically significant at least at the 10% level (except for
ten REECs and when the usage-weighted REE index based on FOB prices serves as the

selection criteria).

! In unreported results, we changed the lags to two and three, and our results are virtually the same. The
corresponding table is available from the authors upon request.
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Our basic statement, that f; > f3,, therefore remains unchanged, and we are confident
that the alternative estimation strategies do not alter our previous evidence that stock price
synchronicity of REECs declined significantly after the WTO event.*

— Please insert Table 9 about here —

Second, we test the robustness of our results with regard to the selection criteria to
identify REECs by using an REE index based on China prices rather than FOB prices (see
Table A3 in the appendix). The univariate evidence already shows that the results from using
China prices are much weaker, presumably following the previous argument that FOB prices
are more relevant for stock price formation. Therefore, we expect this property to be reflected
in the multivariate results as well. However, we again find a statistically significant negative
coefficient (at least at a 5% level) for the interaction PostWTO(t,) X REEC identifying fifty
REECs, whether we apply OLS, Newey-West standard errors, or a random effects estimator.
If we consider only portfolios of 25 or 10 companies, both DiD coefficients are largely
insignificant, but their predicted signs remain.

Despite the insignificant results for the smaller REEC portfolios, we interpret this
robustness check as further support for our prediction that the stock price synchronicity of
REECs declined after the WTO event for three reasons.

First, we argued that China REE prices are less precise than FOB prices, a fact that we
expect to translate into decreased power for our test statistics. Second, we consider using only
10 REECs as the strictest test. This is because some companies that should obviously be
classified as REECs have presumably been attributed to the group of non-REECs (as Miiller,
Schweizer, and Seiler (2015), for example, already identified 14 REE mining and refining
companies). This leads to the third reason, that with an increase in REECS, the t-statistics for
the interaction PostWTO(t,) X REEC increase almost monotonically, supporting the idea

that more than 10 or 25 companies are active in the REE industry.

* Note that we do not apply Arellano-Bond dynamic panel estimators because it would be in opposition to the
DiD approach. See, for example, Jacob et al. (2015) for a similar argumentation in a related context.
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In summary, we present evidence that the stock price informativeness of REECs
increased compared to non-REECs after the March 13, 2012, announcement of the U.S., EU,
and Japan bringing a dispute resolution case against China to the World Trade Organization
(WTO). We interpret this result to mean that, after the beginning of the WTO trial, the
Chinese government’s influence on the REE market (by, e.g., MOFCOM announcements)
decreased.

The MOFCOM announcements were typically used biannually to set the maximum
amount of REEs for export, and they were generally thought to increase the value of Chinese
stocks. The export quotas are generally not known to shareholders; thus, stock prices react in
response to the announcement. This provides an opportunity for company insiders to trade on
a private information advantage, especially for companies with high levels of state ownership
and close ties to the government. Consequently, this should be reflected in higher (lower)
stock price synchronicity (informativeness) of REE companies.

It seems that, after the beginning of the WTO trial, the Chinese government was more
reluctant to set “unexpected” export quotas, and did tend to intervene less in the REE market.
We consider this as an explanation for the increase in stock price informativeness of REE

companies after the WTO event.

4.5 Derivatives Pricing

This subsection provides empirical evidence for changes in the option price
differences among various option pricing models before and after the WTO event. If the WTO
event caused less intervention by the Chinese government, such as the removal of REE export
quotas, we expect that the price-generating process for REEs will become less “erratic,”

which will be echoed by lower pricing differences between models.”

2 Commodity options are commonly based on related futures contracts instead of on spot prices, such as the
underlying. The dynamics of futures prices are determined by, not only the spot price, but also by the
convenience yield (or “availability” premium) and the interest rate (see Paschke and Prokopczuk, 2010). The
stochastic process modeling of the convenience yield has an impact on the option value if the convenience yield
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For the “static” comparison in Table 10, we observe that the absolute pricing
differences (PD) for all REEs between all option pricing models before the WTO event
(PreWTO) are considerably higher than after (PostWTO) the event (except for one case, for
Ce between the Black-Scholes (1973) and Duan (1995) models).

For example, the aggregate absolute pricing difference for La for call options between
the Black-Scholes (1973) and Duan (1995) models, given all strike price and time to maturity
combinations, is 106.24 before the WTO event, and 26.39 afterward. This represents a 79.84
decrease, or, in relative terms, an approximately 75.16% decrease (see column (2) of Tables
10 and 11 for detailed calculations corresponding to the values framed by the dotted lines and
shaded in grey for lanthanum in Table 10).

The total absolute pricing difference for all option pricing models for La call options is
230.76 before the WTO event, and 55.11 afterward. This represents a 175.65 decrease, or a
similar relative decrease of 76.12% (see column (1) of Tables 10 and 11). The decrease for
the total absolute pricing difference for call options for cerium, neodymium and yttrium range
from 63% to 79% (see column (1) of Table 10). For put options, the effect is stronger for all
REEs.

In Figure 4, we present the above-described evidence from a graphical representation
point of view for call options, based on lanthanum. Panel A presents the absolute call option
price differences based on the Black-Scholes (1973) and Duan (1995) models for various
strike price and time to maturity combinations. Column (1) shows the call option price
differences before the WTO event (PreWTO), and column (2) shows them afterward

(PostWTO,).

is modeled with, e.g., constant correlation (see, for example, Gibson and Schwartz, 1990), non-constant
correlation to the spot price (e.g., Routledge, Seppi, and Spatt, 2000), or the spot price and the interest rate
(Casassus and Collin-Dufresne, 2005). In the following, we base our calculations on only the spot price
dynamics, for practical reasons. As mentioned in the introduction, no futures contracts on REEs are yet
available, which would allow us to specify the dynamics of the convenience yield and the correlation with the
spot price and the interest rate. Therefore, any exogenous and presumably inaccurate assumptions will most
likely not improve the quality of our results. Furthermore, our “difference-in-differences” approach can cope
with this quality if the convenience yield process does not change over time.
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Both figures illustrate similar behavior, namely, that the absolute call option price
differences are larger for longer maturities and for at-the-money prices (e.g., the strike price is
equal to the current lanthanum price). However, absolute pricing differences are lower in the
PostWTO period compared to the period beforehand. This is reflected by the negative
differences between absolute pricing differences between the Post- and PreWTO periods
(see column (3) in Figure 4).

We can interpret this result similarly as the previously mentioned 175.65 pricing
decrease for lanthanum in Table 10, which indicated a reduction in pricing differences after
the WTO event. Qualitatively similar figures are presented for the absolute call option price
differences between Black-Scholes (1973) and Heston and Nandi (2000) in panel B. The
results in panels A and B reveal that absolute pricing differences are consistently lower after
the WTO event.

However, for panel C, where the absolute call option price differences between Duan
(1995) and Heston and Nandi (2000) are compared, we do not find a similar relationship
between the pricing difference and different times to maturity and strike prices. From a visual
inspection, it seems that the pricing differences after the WTO event are smaller than those for
PreWTO and are of lower magnitude, which can also be seen in column (4) in Table 10.

— Please insert Tables 10 and 11 and Figure 4 about here —

From the “static” DiD comparison, we find strong support for the notion that the
pricing differences among the different option pricing models are substantially lower after the
WTO event than before it (PreWTO period). This underpins our argumentation that the
model risk for pricing derivatives on REEs decreased in response to the WTO event.
However, as outlined in the methodology section, the static approach is not suitable from
which to draw conclusions about statistical inference. It also focuses solely on option price

calculations for two particular days.
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To overcome these issues, we use a consecutive “triple-difference” (DDD)
methodology that can rule out constant unobserved differences among REE pricing behavior
during the Pre- and PostWTO periods that may bias our results. The intuition is similar to
the static DiD approach used previously. If the WTO event had a positive impact on the price
behavior of REEs so that it reduced option pricing model uncertainty, we would expect to find
a larger drop in option price differences among models during the “treatment” and “control”
periods, implying DiD,(PreWTO — PostWTO) > DiD,(PreWTO — PrePreWT0), and
resulting in a positive DDD on average. This is consistently observed for all possible strike
prices, times to maturity, and option model comparisons for lanthanum, neodymium and
yttrium (see Table 12).%

These differences result in highly statistically significant positive DDDs, with t-
statistics ranging from 2.84 to 20.62. However, similarly to the “static” DiD, we fail to find a
consistent decrease in option price differences among models after the WTO event for cerium.
We can summarize the results for our comparison of price differences for the Black-Scholes
(1973) and Duan (1995) models as inconsistent. But the comparisons among Black-Scholes
(1973), Duan (1995), and Heston and Nandi (2000) indicate that the pricing differences
decreased statistically after the WTO event (see again Table 12).

In summary, we find compelling evidence from the static DiD and from the
consecutive DDD approach that pricing differences among different option pricing models
decreased significantly after the WTO event, not only statistically but also economically. We
interpret this to mean that the influence of the WTO on the Chinese government triggered
somewhat fewer interventions on the REE market. This is reflected afterward in less erratic
price behavior of REEs, which we expect to facilitate the introduction of derivatives
exchanges on REE:s.

— Please insert Table 12 about here —

* For the sake of clarity, the following presents results only for call options, because results for put options are
highly similar. The table is available from the authors upon request.
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5. Conclusion

Our paper contributes to the growing literature on the economic implications of
dispute resolution cases brought to the WTO. The literature thus far has focused mainly on the
stock price reactions of affected companies in a classical event study setting. However, we
choose a different approach, and highlight the effects of the launch of a WTO trial against
China concerning trade restrictions of REEs from four different angles.

First, we use variance ratio tests to show that price formation on the REE market is not
efficient, in the sense that the prices are random processes. However, after the initiation of the
WTO dispute resolution case, the magnitude of the variance ratios is considerably lower.
Hence, the WTO event seems to have efficiency-enhancing effects with respect to the price
formation of REEs.

Second, we use various structural break tests, and find that the price processes of the
REEs exhibit a significant change in dynamics around the announcement date of the dispute
resolution case. Despite accounting for these structural breaks, we cannot reject the presence
of unit roots in the time series of REE prices, although they do pose challenges for market
participants. The time series are not stationary, and shocks to REE prices tend to be
permanent rather than transitory.

Third, we study the impact of the WTO event on the information content of stock
prices, and find that stock price informativeness significantly increases for companies that are
active in the REE industry relative to firms from other industries. Because the Chinese
government ultimately ceased intervening in the REE market due to the start of the WTO
trial, firm-specific information became more important than marketwide information.

Moreover, as new trading venues for spot and futures markets emerge, such as the
Baotou Rare Earth Products Exchange, and the potential trading of derivatives on these
elements on the Shanghai Futures Exchange gears up (Shen, 2014), investors and regulators

need to understand the price processes of REEs more deeply. Accordingly, fourth, we
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compare the results of three different option valuation models, i.e., Black-Scholes (1973),
Duan (1995), and Heston and Nandi (2000). Note that we are not interested in determining the
best option pricing model in order to minimize pricing errors (recall that the introduction of
REE derivatives has not materialized yet). Rather, we compare pricing differences among the
three models before and after the launch of the WTO case. We show that the differences
among prices calculated from the three frameworks are much larger during the pre-WTO
period than after the launch of the WTO trial. We interpret this finding as another indication
that the WTO event triggered important changes to China’s REE policy.

In summary, we document compelling evidence that even the announcement of a
WTO dispute has the ability to induce governmental changes in existing policies. We interpret
our results as strong support for the notion that governments accused of violating GATT react
to the announcement with “measurable” policy changes.

Our study also serves as an impetus for further research. Once the planned
introduction of options on REEs is realized, one could use step 4 in our Figure 1 to analyze
the impact of a derivatives market on the spot market in regard to volatility, bid-ask spread,
and liquidity (see Conrad, 1989; Skinner, 1989; Detemple and Jorion, 1990; Kumar, Sarin,
and Shastri, 1998; and Danielsen, Van Ness, and Warr, 2007).

Moreover, the bankruptcy of Molycorp highlights how important it is for the REE
industry to have a fuller understanding of what drives REE prices. At its peak, approximately
four years ago, Molycorp’s stock was trading at USD 79.16. Before filing for Chapter 11
bankruptcy protection, it was down to about USD 0.36 (see McCarty and Casey, 2015; and
Reuters, 2015). Therefore, future research could explore the impact of macroeconomic factors
such as exchange rates, interest rates, and the business cycle on REE prices and on REECs
(see Faff and Chan, 1998; Tufano, 1998; Boyer and Filion, 2007; and Baur, 2014 for related

research on the gold and oil market). Finally, due to the often extreme price movements of
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REEs, future research may also want to concentrate on volatility modeling and predictions

(see Batten, Ciner, and Lucey, 2010; and Haugom et al., 2014, for the oil and metal markets).
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Figure 1: Illustration of the Interactions Among Chinese REE Companies, the Chinese Government, Foreign REE Companies, and the WTO

USA, Japan and EU

Chinese REEs User
Government Industries
= High regulation = Availability of REEs
= Exploration/ Mining = Volatile prices
= Licensing of qualified expo * No planning reliability
enterprises = Severe profit fluctuations
= Export quotas (MOFCOM) * No hedging possible
o = Setting environmental
; conditions
1
o REEs . WTO USA/Japan/
& Companies REEs Prices EU
* High stock price synchronicity ~ = Erratic price fluctuations * Final report = Dispute resolution case
= Low stock price informativeness * Inefficient REEs market issued to parties * Launched March 13,2012
* Two-way price system December 13,
2013
'\__/ = Final report \___/
issued to WTO
members March
26,2014
Chinese
Government
* Less regulation
= Stop of export quotas
* Increase transparency ) )
Derivatives REEs User ~ i‘l%:‘;rhﬂmms
é L Siilsine * Less fluctations of
= Planned opening of REE input costs
< REEs REEs Pri derviatives exchanges * More stable cash
E Companies s Prices = Risk management flows and profits
opportunities for user

= Lower stock price synchronicity = Less erratic price fluctuations

; L industries
= Improved stock price = Improved market efficiency
informativeness

'\__/



Figure 2: Price Developments of the Four Rare Earths Elements with the Highest Usage

This figure shows REE price and index developments over time. For REEs the foreign (FOB) and domestic
(China) price developments are shown. All data come from the Asian Metals database. For FOB prices of LA,
CE, and ND, the time series begins in January 2004. For FOB prices of yttrium oxide, the time series begins in
August 2010. For China prices yttrium, lanthanum, cerium and neodymium oxide, the time series begins in
January 2005. All time series end in September 2014. Panel A shows the prices for individual REEs; panel B
shows the prices for total usage for an equally weighted and usage-weighted REE index comprised of the four
elements (about 90% of all REE usage with cerium 32.93%, lanthanum 30.16%, neodymium 17.84% and
yttrium 9.06%). Usage statistics: Own calculations based on Goonan (2011). Figure is similar to Miiller,
Schweizer, and Seiler (2015), but only for the four elements that we consider in the further analyses and enter the
index and for an extended period.
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Figure 3: lllustration of the DiD and DDD Approaches
This figure provides a visual approach toward evaluating the effect of the WTO trial on option pricing model uncertainty. Panel A shows the time line and windows for the
static DiD approach; panel B outlines the idea of the DDD approach. The example shown is the methodology for one maturity only (y = 1m).
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Figure 3: Hlustration of the DiD and DDD Approaches—continued
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Figure 4: Option Price Differences between Option Pricing Models before and after the WTO Event (Lanthanum; Call Options)
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Table 1: Descriptive Statistics of REE Prices—Weekly Base Observation Period

This table presents the mean, median, standard deviation, skewness, kurtosis, minimum, and maximum of the
time series of weekly REE FOB (foreign) and domestic (China) prices. Panel A (PreWTO) shows the prices
for individual REEs for the period beginning thirty months prior to the WTO dispute resolution case on March
13, 2012. Due to data availability, the FOB prices for yttrium begin in August 2010. Panel B (PostWTO)
shows the prices for the period up to thirty months after the WTO event. Price data comes from the Asian
Metal database; all calculations based on USD/kg.

Element Mean Median Std. Dev. Skewness  Kurtosis Min Max
Panel A: (PreWTO)
Lanthanum FOB 52.57 49.95 45.54 0.65 2.24 4.05 140.05
China 10.46 4.43 8.11 0.65 1.61 3.22 25.44
Cerium FOB 51.47 41.50 47.02 0.78 2.50 3.35 150.55
China 11.29 4.80 9.79 0.64 1.68 2.42 29.02
Neodymium FOB 136.97 85.75 113.44 0.58 1.91 14.65 369.75
China 76.35 39.01 65.60 1.05 2.94 12.45 232.91
Yttrium FOB 120.89 125.00 45.63 -0.14 1.77 42.50 197.50
China 23.55 7.61 21.96 0.88 2.36 5.78 77.16
Panel B: (PostWTO)
Lanthanum FOB 11.62 7.55 7.59 1.04 2.50 5.20 30.50
China 6.62 4.85 3.56 0.79 2.32 2.61 14.44
Cerium FOB 11.51 7.55 7.64 0.99 2.37 4.20 28.50
China 6.60 4.85 3.63 0.73 2.23 2.36 14.68
Neodymium FOB 81.58 74.50 21.23 1.76 5.55 59.50 146.00
China 57.35 53.80 11.69 1.30 3.95 41.96 88.65
Yttrium FOB 4791 24.00 46.80 1.61 4.32 13.00 185.00
China 14.80 12.09 7.06 0.94 2.87 6.62 33.96
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Table 2: Variance Ratio Test - Weekly Base Observation Period

This table presents the results for the Lo and MacKinlay (1988) variance ratio test of the random walk
hypothesis. The variance ratios M,.(q) + 1 are presented in the main rows, and the heteroscedasticity-robust test
statistic z*(q) is presented in brackets. Under the null hypothesis that REE prices follow a random walk, the
value of the variance ratio is 1. *** ** and * indicate statistical significance at the 1%, 5%, and 10% levels,
respectively. PreWTO shows the results for the period beginning thirty months prior to the WTO event on
March 13, 2012. PostWTO shows results for the period up to thirty months after the WTO event. Due to data
availability, FOB prices for Y begin in August 2010. Price data comes from the Asian Metal database; all
calculations based on USD/kg. Abs. Dif. (Rel. Dif.) is the absolute (relative) difference between the variance
ratio before and after the launch of the WTO trial.

Number q of base observations aggregated to form variance ratio

Element nq 2 4 8 16
Lanthanum FOB PreWTO 114 1.418 2.080 2.892 4.136
(2.548)** (3.876)*** (5.065)*** (6.971)***
PostWTO 114 1.282 1.716 2.188 3.349
(1.909)* (2.749)*** (3.235)*** (4.565)***
Abs. Dif., -0.136 10.364 -0.704 -0.787
Rel. Dif. -9.59% -17.50% -24.34% -19.03%
China  PreWTO 114 1.716 2.908 4.656 6.895
(2.104)** (3.375)*** (4.971)*** (6.821)***
PostWTO 114 1.167 1.566 2.114 2.638
(1.775)* (3.126)*** (3.893)*** (3.901)***
Abs. Dif. -0.549 -1.342 -2.542 -4.257
Rel. Dif. -31.99% -46.15% -54.60% -61.74%
Cerium FOB PreWTO 114 1.266 1.871 2.651 3.941
(2.867)*** (3.733)*** (4.769)*** (6.876)***
PostWTO 114 1.382 1.845 2.173 3.074
(2.664)*** (3.345)*** (3.379)*** (4.386)***
Abs. Dif., 0.116 -0.026 -0.478 -0.867
Rel. Dif. 9.16% -1.39% -18.03% -22.00%
China  PreWTO 114 1.795 3417 6.081 9.398
(3.181)*** (5.322)*** (7.744)***  (10.397)***
PostWTO 114 1.147 1.563 2.134 2.716
(1.478) (2.973)*** (3.867)*** (3.996)***
Abs. Dif, -0.648 -1.854 -3.947 -6.682
Rel. Dif. -36.10% -54.26% -64.91% -71.10%
Neodymium FOB PreWTO 114 1.203 1.818 2.673 4.011
(2.973)*** (4.579)*** (5.701)*** (7.247)***
PostWTO 114 1.502 2.004 2.474 3.355
(1.709)* (2.223)** (2.716)*** (3.738)***
Abs. Dif. 0.299 0.186 -0.199 -0.656
Rel. Dif. 24.85% 10.23% -7.44% -16.36%
China  PreWTO 114 1.684 2.942 4818 8.413
(4.586)*** (7.159)*** (9.801)***  (14.063)***
PostWTO 114 1.558 2.251 2.665 2.959
(3.162)*** (4.480)*** (4.382)*** (3.941)***
Abs. Dif., -0.126 -0.691 -2.153 -5.454
Rel. Dif. -7.48% -23.49% -44.69% -64.83%
Yttrium FOB PreWTO 65 1.550 2.326 3.257 5.460
(3.213)*** (4.599)*** (5.627)*** (8.447)***
PostWTO 114 1.338 1.852 2.352 3.651
(2.738)*** (3.932)*** (4.412)*** (6.159)***
Abs. Dif. -0.212 -0.474 -0.905 -1.809
Rel. Dif. -13.68% -20.38% -27.79% -33.13%
China  PreWTO 114 1.436 2.399 3.709 5.848
(2.777)*** (4.496)*** (6.252)*** (8.964)***
PostWTO 114 1.185 1.633 1.970 1.836
(1.368) (2.748)*** (3.058)*** (1.906)*
Abs. Dif, -0.251 -0.766 -1.739 -4.012
Rel. Dif. -17.48% -31.93% -46.89% -68.60%
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Table 3: Additive Outlier (AO) Unit Root Tests (Two Shifts)

This table presents the results of the Clemente, Montaiiés, and Reyes (1998) structural break tests for the additive outlier (AO) model of a unit root in the presence of two shifts
in the mean of a time series. *** ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. All results are based on weekly REE prices for the
January 2, 2004-September 30, 2014 period. Due to data availability, the observation periods differ for some REEs: For FOB prices of lanthanum, cerium and neodymium
oxide, the time series begin in January 2004. The FOB prices for Y begin in August 2010. For China prices of yttrium, lanthanum, cerium and neodymium oxide, the time series
begin in January 2005. All time series end in September 2014. Price data comes from the Asian Metal database; all calculations based on USD/kg. The t-statistics for u, §;, and
6, follow a standard t-distribution. The critical value for t,_; is & —5.49 at the 5% significance level (see Perron and Vogelsang, 1992). t-values are in parentheses. k is the

autoregressive lag order. na: not available.

Element 6, Tyq 8, Ty, U k p—1
Lanthanum  FOB 107.52 2011:09 -98.84 2011:43 7.91 50 -0.02
(37.92)%*x* (-32.93)*** (-1.10)

China 17.53 2011:17 -14.16 2012:12 3.10 50 -0.03
(42.83)*** (-31.77)*** (-1.71)

Cerium FOB 118.10 2011:09 -108.04 2011:38 7.05 49 -0.01
(38.89)*** (-33.94)*** (-0.78)

China 20.11 2011:19 -16.24 2012:12 2.57 50 -0.02
(35.63)*** (-26.49)*** (-0.93)

Neodymium FOB 241.87 2011:14 -186.26 2012:10 26.01 50 -0.02
(49.21)*** (-34.52)*** (-0.65)

China 140.65 2011:25 -106.04 2012:02 24.97 47 -0.02
(27.69)*** (-19.83)*** (-1.00)

Yttrium FOB 74.30 2011:09 -117.51 2012:39 68.32 50 0.27
(15.54)%** (-36.51)*** (1.47)

China 43.10 2011:18 -35.89 2012:12 7.26 50 -0.02
(43.39)*** (-33.23)*** (-0.70)
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Table 4: Multiple Structural Change Tests

This table presents the results of the Bai and Perron (1998, 2003a, 2003b) multiple structural change tests allowing for serial correlation in the error terms and heterogeneous
error distributions across breaks. We use the heteroscedasticity- and autocorrelation-consistent covariance matrix based on Andrews (1991) and Andrews and Monahan (1992)
with a quadratic-spectral kernel and automatic bandwidth selection. Following Bai and Perron’s (2003a, 2003b) recommendations, we select the number of breaks and the break
dates for the sequential supF (£ + 1|¥) test, but we also show the Schwarz (1978) information criterion (BIC) and the Liu, Wu, and Zidek (1997) (LWZ) information criterion.
The number of breaks is shown in the main rows. For the UDmax, WDmax, and supF (£ + 1|¥) test, the test statistic is shown in brackets, where * indicates statistical
significance at the 5% level (see Bai and Perron, 2003a, 2003b). For the information criteria, the respective values are in brackets. Regarding the break dates, the dates obtained
from the original sequential procedure are presented in the main rows; those obtained from the repartition procedure (Bai, 1997) are in brackets below the main rows. All results
are based on weekly REE prices for the January 2, 2004-September 30, 2014 period. Due to data availability, the observation periods differ for some REEs: For FOB prices of
lanthanum, cerium and neodymium oxide, the time series begin in January 2004. The FOB prices for Yttrium begin in August 2010. For China prices of yttrium, lanthanum,
cerium and neodymium oxide, the time series begin in January 2005. All time series end in September 2014. Price data comes from the Asian Metal database; all calculations
based on USD/kg. Specification: Trimming € = 0.15; maximum number of breaks M = 5.

Number of Breaks Break Dates
Element UDmax WDmax supF (£ + 1|¢) BIC LWZ m=1 m=2 m=3 m=4 m=>5
Lanthanum FOB 2 5 4 2 2 2010:30 2012:10 2007:41 2006:09
(841.66)*  (1,142.16)* (44.84)* (5.4462) (5.5272) (2006:09)  (2008:01)  (2010:30)  (2012:10)
China 1 5 3 3 3 2011:10 2008:07 2012:33 - -
(410.57)* (809.52)* (50.38)* (1.5401) (1.66006) (2008:07)  (2011:10)  (2012:33)
Cerium FOB 2 2 3 2 2 2010:29 2012:09 2007:21 - -
(1,029.54)*  (1,223.47)* (126.27)* (5.5697) (5.6507) (2007:21)  (2010:29)  (2012:09)
China 3 5 4 3 3 2011:06 2012:29 2009:36 2008:13 -
(394.91)* (571.55)* (63.19)* (2.0196) (2.1401) (2008:13)  (2009:36)  (2011:06)  (2012:29)
Neodymium FOB 5 5 3 3 3 2010:33 2012:18 2006:30 - -
(277.90)* (609.82)* (42.22)* (7.1511) (7.2646) (2006:30)  (2010:38)  (2012:18)
China 3 4 4 3 2 2011:05 2012:28 2006:29 2009:35 -
(196.29)* (315.25)* (15.55)* (6.1762) (6.2910) (2006:28)  (2009:35)  (2011:05)  (2012:28)
Yttrium FOB 5 5 5 4 4 2012:36 2011:12 2011:44 2013:16 2014:07
(4,550.13)*  (9,984.69)* (34.14)* (6.1286) (6.3736) (2011:12)  (2011:44)  (2012:34)  (2013:16)  (2014:07)
China 4 4 4 3 2 2011:08 2012:31 2007:27 2008:50 -
(112.63)* (193.66)* (27.94)* (3.7220) (3.8105) (2007:27)  (2008:50)  (2011:08)  (2012:31)
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Table 5: Descriptive Statistics for Stock Price Synchronicity and Firm Characteristics
SYNCH refers to the stock price synchronicity measure estimated using Equation (10) and transformed using

Equation (9) for firms with A shares only. All other variables are defined as in appendix A4.

Name PO Mem o el pen My
SYNCH 4,307 -0.369 0.638 -1.505 -0.736 -0.319 0.067 0.594
Top Gov 4,307 0.093 0.178 0.000 0.000 0.000 0.078 0.514
Volume 4,307 3.560 2.553 0.658 1.707 2.895 4.774 8.717
Size 4,307 22.167 1.307 20.405 21.278 21.971 22.862 24.656
Leverage 4,307 0.489 0.195 0.161 0.351 0.493 0.628 0.786
Std(RoA)) 4,307 0.036 0.063 0.005 0.013 0.023 0.041 0.100
M/B 4,307 2.988 23.764 0.835 1.529 2.397 3.792 7.937
Ind_Num 4,307 6.154 0.835 4.691 6.510 6.532 6.532 6.532
Ind_Size 4,307 29.566 1.048 27.988 29.545 29.914 30.173 30.260
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Table 6: Change in Stock Price Synchronicity of REE Companies after the WTO Event—Univariate Evidence
This table reports the changes in stock price synchronicity of REE companies (REECS) after the WTO event. REECs are identified by applying Equation (11) using four different
REE indices for the four most important elements (Ce, La, Nd, and Y) to proxy for price developments in the REE market. The equally weighted REE index based on FOB
(foreign) prices is displayed in panel A, and China prices are in panel B; the usage-weighted REE index based on FOB (foreign) prices is displayed in panel C, and China prices
are in panel D. The selection periods for the REECs are one year, two years, or the entire preWTO period. The periods [7,; T,] for which we compare stock price synchronicity
are [T_q1;T41], [T—1; T42], and [Tpye; Tpose]- The changes in stock price synchronicity are calculated for portfolios of 10, 25, and 50 companies, with the highest R? in Equation
(11). t-statistics are in parentheses. ***, ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Panel A: Equally Weighted FOB | Panel B: Equally Weighted China | Panel C: Usage-Weighted FOB | Panel D: Usage-Weighted China

[t4; 7o) #REECs| [-2] [-1] [Pre] [-2] [-1] [Pre] [-2] [-1] [Pre] [-2] [-1] [Pre]
10 |-0.573%%%  0.062  -0.54%** | 0.184 0.053 0.314* |-0.784**% 0201  -0.341 0.172  -0214*  0.172

(-2.509)  (0.405)  (-2.355) | (1.119) (0.2) (1426) | (-4.072) (-1.191) (-1.312) | (1.032)  (-1.63)  (0.844)

_ 25 |-0.444%%x 0048  -0.362%** |  0.003 0.041 0.147  [-0311%**  _0.096 -0.339*** | 0.002 0.122  0.228***
-4 +1] (-3.523)  (0.42)  (-2.788) | (0.037)  (0.342)  (1.203) | (-2206) (-0.978)  (-2.674) | (0.015) (-1.242)  (1.982)
50 [-0.303%%*  -0.057 -0.295%** | 0.015 -0.081 0.007 [-0.306%** -0.114* -0252%**| -0.029  -0.067 -0.018

(-:3204)  (-0.75)  (-348) | (0.208)  (-0.928)  (0.079) | (-3.446) (-1457) (-3.175) | (-0.363) (-0.888)  (-0.201)

10 |-0.676%*%  -0.249% -0.517%%* | -0.387***  (.087 0.367* | -0.771%%% -0.466%** -0.344%%* | 038%** 0247 0.059

(-4.617)  (-1.432)  (-3.365) | (-2.3) (0291)  (1.646) | (-6.362) (-3.226)  (-1.98) | (-2.255) (-1.057)  (0.398)

_ 25 [ -0.602%** .0.332%%*k _0.452%%* | -0.444%%* 0151 0.016 | -0.572%%* -0.543%%% _0.479%%* | [0.504%** (0 393%*x 0

-4 +2] (-5.775)  (-2259)  (-4.825) | (-3.49)  (-0975)  (-0.12) | (-4.606) (-4.927) (-3.97) | (4.14) (-3.364)  (0.001)
50 [ -0.502%%% .0.358%%%k _0.45TF%k | Q4410 k% 397Kk 0. 204%%% | (0497 R*k ) 45THHE 0 396% R | L0.455%K% 0491 **k (0 209%

(-5.456)  (-3.97)  (-5.642) | (-4.969)  (-3.927)  (-3.007) | (-5278) (-5.424) (-4.767) | (-5.678) (-4.953)  (-2.262)

10 | -0.676%*% | [0.309%% _0.574%%* | L0.324%*% _Q335%Fx  _(.152% | -0.779%** | 0.385% K% (. 303%k* | _0362FF* _0362%%%  0.167*

| (-6.018) | (-1.815)  (-5.816) | (-3.026)  (-2.926)  (-1.402) | (-9.743) | (-2.575) (-2.047) | (-3214) (-3.714)  (-1.443)

25 1 -0.618%*% | J0.319%%k 0. 49]%k* | L0 38GFHE (. 268%**F  -0.268%** | -0.573% k% | 10437 kK 0. 485%k* | [0.435% k% (. 354%k% ()] §*k

[Pre; Post] L(81) ! (2757)  (-5.847) | (-4.957)  (-3.906)  (-3351) | (-7.159) | (-4.344) (-4.792) | (-5.787) (-5.412) (-2.261)
50 | -0.558%** | _023%** _(0.445%** | 0 385%** _(.388*** _(,365%** | -0.498*%** | 0 37TH** _(0.4]15%** | 0,399%** _(376*** (. 29%**

| (-8962) | (-2.091)  (-6.548) | (-7.012)  (-5.384)  (-6.396) | (-6.834) | (-4.952)  (-6.24) | (-7.528) (-6.862)  (-4.746)
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Table 7: Correlation Matrix for Stock Price Synchronicity and Firm Characteristics
This table gives Pearson correlation coefficients for all variables presented in Table 5. All variables are considered in subsequent analyses (see appendix A4 for variable

descriptions and calculation methods). * indicates correlations are statistically significant at least at the 5% level.

(D (2) 3) “4) (5) (6) (7 (3 )
(1) SYNCH 1
(2) Top Gov 0.1446* 1
(3) Volume 0.1156* -0.1032%* 1
(4)  Size 0.1377* 0.1130%  -0.4211* 1
(5) Leverage -0.0397* 0.0481* -0.0037 0.3183* 1
(6)  Std(RoA)) -0.0308*  0.0571* 0.0047 -0.1548%* 0.0239 1
(7) M/B -0.0271 -0.0071 0.0365* -0.0247 -0.0289 0.0062 1
(®)  Ind_Num -0.0087  -0.0664*  -0.0259 0.0079 0.0433* 0.0159 0.0262 1
(10)  Ind_Size -0.0907*  -0.1096*  -0.1259*  0.0628* 0.0147 -0.0099 0.0168 0.9438% 1
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Table 8: Change in Stock Price Synchronicity of REE Companies after the WTO Event—Multivariate Evidence
We run standard OLS regressions (using robust standard errors) to identify the factors that determine stock price synchronicity as calculated in Equation (9). The coefficients and
respective t-statistics are in parentheses below. The independent variables are PostWTO(t,) X REEC, PreWTO(t,) X REEC, Top Gov, Volume, Size, Leverage, Std(RoA)),
Std(RoA)), M /B, Ind_Num, and Ind_Size (see appendix A4 for variable descriptions and calculation methods). PostWTO(t,) is equal to 1 for the 2.5-year period after the
WTO event, and 0 otherwise; PreWTO(t,) is equal to 1 for the 2.5-year period before the WTO event, and 0 otherwise. The selection period for the REECs is two years prior to
the WTO event. The regressions are applied for the equally weighted and the usage-weighted FOB REE Indices to form portfolios of 10, 25, and 50 companies with the highest
R? in Equation (11). Specifications (1)-(3) are the multivariate pendants of the univariate results from Table 6 in panel (A) Equally Weighted FOB REEs Index for a selection
period two years before the WTO-event and the comparison [Pre; Post]. Similarly, specifications (4)-(6) are the multivariate pendants of the univariate results from Table 6 in
panel (C), Equally Weighted FOB REE Index for a selection period two years before the WTO event and the comparison [Pre; Post]. For better orientation, the corresponding
univariate results are framed with dotted lines in Table 6. Investigating the variance inflation factors (VIFs) reveals no evidence of multicollinearity, because all VIFs are well
below the critical value of 5 (see Kutner et al., 2005). ***_** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

# REECs | Weighting (1) (2) 3) 4 (5) (6)
50 PostWTO(t,) X REEC -0.170%**
(-3.33)
50 PreWTO(t,) X REEC 0.202%**
(3.86)
25 PostWTO(t,) x REEC -0.146%*
Equally (-2.1D)
25 PreWTO(t,) X REEC 0.259%%*
(4.51)
10 PostWTO(t,) X REEC -0.213*
(-1.88)
10 PreWTO(t,) X REEC 0.239%**
(3.05)
50 PostWTO(t,) X REEC -0.155%**
(-3.06)
50 PreWTO(t,) X REEC 0.192%**
(3.85)
25 PostWTO(t,) x REEC -0.25] %%
Usage (-3.39)
25 PreWTO(t,) X REEC 0.140%*
(2.17)
10 PostWTO(t,) X REEC -0.258%**
(-2.36)
10 PreWTO(t,) X REEC 0.246%**
(3.88)
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Table 8: Change in Stock Price Synchronicity of REE Industry Companies after the WTO Event—Multivariate Evidence—continued

Control Variables
Top Gov 0.413%** 0.418*** 0.423%%* 0.415%** 0.413%** 0.422%**
(7.97) (8.03) (8.14) (7.98) (7.94) (8.12)
Volume 0.038%** 0.038%** 0.038%** 0.038%** 0.038%** 0.038%**
(10.39) (10.41) (10.48) (10.41) (10.43) (10.42)
Size 0.135%** 0.134%** 0.135%** 0.134%** 0.135%** 0.134%**
(16.28) (16.25) (16.30) (16.26) (16.27) (16.26)
Leverage -0.507*** -0.507*** -0.508%** -0.507*** -0.507*** -0.507***
(-10.25) (-10.25) (-10.26) (-10.26) (-10.25) (-10.23)
Std(RoA)) -0.183* -0.186* -0.187* -0.189* -0.178 -0.182*
(-1.66) (-1.77) (-1.77) (-1.72) (-1.64) (-1.73)
M/B -0.001* -0.001* -0.001* -0.001* -0.001* -0.001*
(-1.77) (-1.76) (-1.77) (-1.77) (-1.76) (-1.76)
Ind_Num 0.533%** 0.541%** 0.548%** 0.534%** 0.545%** 0.546%**
(15.17) (15.53) (15.73) (15.23) (15.59) (15.67)
Ind_Size -0.444%** -0.450%** -0.456%*** -0.445%%* -0.455%%* -0.455%**
(-15.28) (-15.63) (-15.84) (-15.34) (-15.72) (-15.76)
Constant 6.457%** 6.601*** 6.714%** 6.472%** 6.709%** 6.688%**
(9.54) (9.82) (10.01) (9.60) (9.95) (9.95)
Year Fixed Effects Yes Yes Yes Yes Yes Yes
Observations 4,307 4,307 4,307 4,307 4,307 4,307
Adjusted R? 0.187 0.185 0.183 0.186 0.185 0.184
F-statistic 78.512 78.869 78.062 78.503 78.212 79.579
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Table 9: Change in Stock Price Synchronicity of REE Industry Companies after the WTO Event—Multivariate Evidence (Alternative Estimation Strategies)

This table replicates Table 8, but shows results for alternative estimation strategies to the OLS regressions used in Table 8 in order to identify factors determining stock price
synchronicity as calculated in Equation (9). Independent variables are equal to those in Table 8, but for clarity we do not report the coefficients and t-statistics for the control
variables. Panel A shows the results for two-stage least squares regressions using Newey-West standard errors with lag(1); in panel B, random effects models are used.
Investigating the variance inflation factors (VIFs) reveals no evidence of multicollinearity, because all VIFs are well below the critical value of 5 (see Kutner et al., 2005). ***,
** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

Panel A: Two-Stage Least Squares with Newey-West Standard Errors

# REECs | Weighting (1) (2) (3) (4) (5) (6)
50 PostWTO(t,) X REEC -0.183%%**
(-3.25)
50 PreWTO(t,) X REEC 0.222%%*
(3.79)
25 PostWTO(t,) X REEC -0.157**
Equally (-2.07)
25 PreWTO(t,) X REEC 0.284***
(4.42)
10 PostWTO(z,) X REEC -0.222%%*
(-1.99)
10 PreWTO(t,) X REEC 0.275%%%
(3.32)
50 PostWTO(t,) X REEC -0.166%**
(-2.98)
50 PreWTO(t,) X REEC 0.210%**
(3.88)
25 PostWTO(t,) X REEC -0.264%***
Usage (-3.26)
25 PreWTO(t,) X REEC 0.165**
(2.29)
10 PostWTO(t,) X REEC -0.268***
(-2.59)
10 PreWTO(t,) X REEC 0.265%%*%*
(3.38)
Control Variables Yes Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes Yes
Observations 4,307 4,307 4,307 4,307 4,307 4,307

(continued)
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Table 9: Change in Stock Price Synchronicity of REE Industry Companies after the WTO Event—Multivariate Evidence (Alternative Estimation Strategies)—

continued
Panel B: Random Effects Estimation
# REECs | Weighting (1) (2) 3) (4) (5) (6)
50 PostWTO(t,) X REEC -0.166%**
(-2.65)
50 PreWTO(t,) X REEC 0.131*
(1.90)
25 PostWTO(t,) X REEC -0.146*
Equally (-1.69)
25 PreWTO(t,) X REEC 0.191%*
(2.02)
10 PostWTO(t,) X REEC -0.209
(-1.56)
10 PreWTO(t,) X REEC 0.203
(1.41)
50 PostWTO(t,) X REEC -0.148**
(-2.37)
50 PreWTO(t,) X REEC 0.118*
(1.73)
25 PostWTO(z,) X REEC -0.267***
Usage (-3.06)
25 PreWTO(t,) X REEC 0.067
(0.72)
10 PostWTO(t,) X REEC -0.258*
(-1.92)
10 PreWTO(t,) X REEC 0.186
(1.34)
Control Variables Yes Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes Yes
Observations 4,307 4,307 4,307 4,307 4,307 4,307
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Table 10: Static Difference-in-Differences (DiD) Between Option Pricing Models Before and After the WTO Event

This table shows the differences among three option pricing models (Black-Scholes, 1973; Duan, 1995; and Heston and Nandi, 2000) for put and call options on REEs (cerium,
lanthanum, neodymium, and yttrium) (see Figure 3 for an illustration). Column (2) shows the sum of thirty-five absolute differences between the Black-Scholes (1973) and
Duan (1995) call option prices. We calculate the prices for 35 [= 7 x 5] distinct combinations of time to maturity and strike price (seven strike prices [85%, 90%, ..., 115%] and
five times to maturity [one, three, six, nine, and twelve months]). Columns (3) and (4) are similar, but show instead the differences in call option prices between Black-Scholes
(1973) and Heston and Nandi (2000) (column (3)), and Duan (1995) and Heston and Nandi (2000) (column (4)). Column (1) is equal to the sum of columns (2), (3), and (4) (see
Table 11 for a sample calculation for lanthanum, which is framed with a dotted line and shaded in grey). Columns (5), (6), (7), and (8) follow the same system for put options.
The differences between the option pricing models are calculated at the WTO event based on the REE prices thirty months before (PreWTO0) and are compared to thirty months
after (PostWTO) the WTO event, but considering REE prices beginning at the WTO event and for the subsequent thirty months. To show the difference-in-difference (“DiD”)
between the option model pricing differences in response to the WTO event, we subtract from the respective squared PreWTO option price differences (PDp,eyy10) the absolute
PostWTO option price differences (PDpysiwr0)- The line “DiD in%” shows the relative changes in percentage terms.

Call Options Put Options
(1) (2) (3) (4) (5) (6) (7) (8)
PD |BS — NGARCH| |[BS — HN| INGARCH — HN| PD |[BS — NGARCH| |[BS — HN| INGARCH — HN|
PreWTO 188.32 26.91 92.53 68.88 150.67 14.73 68.36 67.58
PostWTO 57.88 27.54 27.83 2.51 16.83 7.62 7.49 1.72
Cerium
DiD -130.44 0.63 -64.70 -66.36 -133.84 -7.11 -60.87 -65.86
DiD in% -69.26% | 2 33% 7777777777777 6992%9635% 77777 -88.83% -48.29% -89.04% -97.46%
PreWTO ! 230.76 106.24 114.86 9.67 183.98 83.11 91.92 8.96
PostWTO 55.11 26.39 26.17 2.54 16.95 7.68 7.69 1.58
Lanthanum
DiD -175.65 -79.84 -88.68 -7.13 -167.03 -75.43 -84.23 -7.38
DiD in% -76.12% -75.16% -717.21% -73.69% -90.79% -90.76% -91.63% -82.39%
PreWTO 138.68 69.33 34.09 35.26 93.96 46.29 10.91 36.76
PostWTO 51.12 25.10 22.98 3.04 15.42 6.43 6.41 2.57
Neodymium
DiD -87.56 -44.23 -11.11 -32.22 -78.55 -39.86 -4.49 -34.19
DiD in% -63.14% -63.79% -32.59% -91.38% -83.59% -86.11% -41.19% -93.01%
PreWTO 377.26 188.32 137.99 50.96 382.06 190.91 117.97 73.18
PostWTO 77.10 36.52 36.95 3.62 30.75 13.75 13.97 3.03
Yttrium
DiD -300.16 -151.79 -101.03 -47.34 -351.31 -177.16 -104.00 -70.15
DiD in% -79.56% -80.61% -73.22% -92.90% -91.95% -92.80% -88.16% -95.87%
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Table 11: Sample Calculation for the Option Price Differences between Option Pricing Models

(Lanthanum; PreWTQO; Call Options)

This table shows detailed calculations for each absolute pricing difference between all three option pricing
models for all distinct lanthanum call option combinations for times to maturity and strike prices. The
calculations correspond to the framed dotted cells, which are shaded in grey in Table 10 and for the last line
PD shows the aggregated values also shown in Table 10 in column (1). y is equal to time to maturity and S/K
is the ratio of the spot price to the strike price.

PreWTO Lanthanum

M) @) ) 4) 5)
y S/K | |BS—NGARCH| | |BS—HN| | [NGARCH — HN|
0.85 022 0.28 0.06
0.9 0.62 0.68 0.06
0.95 1.15 1.19 0.04
Im 1 123 1.52 0.29
1.05 1.07 1.23 0.15
1.1 0.56 0.74 0.17
1.15 0.38 0.44 0.06
SUM 5.23 6.08 0.85
0.85 1.36 1.57 0.21
0.9 1.94 2.17 0.23
0.95 2.44 2.49 0.04
3m 1 237 243 0.06
1.05 2.13 232 0.19
1.1 2.04 2.18 0.14
1.15 1.53 1.46 0.07
SUM 13.82 14.63 0.94
0.85 2.83 281 0.01
0.9 3.60 3.66 0.06
0.95 3.52 337 0.16
6m 1 3.28 3.89 0.61
1.05 3.41 3.46 0.06
1.1 3.17 331 0.15
1.15 2.08 2.90 0.82
SUM 21.88 23.40 1.87
0.85 3.92 441 0.49
0.9 443 493 0.50
0.95 458 536 0.78
9m 1 5.02 473 0.29
1.05 4.50 4.63 0.12
1.1 4.00 4.08 0.08
1.15 4.03 478 0.75
SUM 30.48 32.92 3.01
0.85 470 5.49 0.79
0.9 4.99 5.59 0.60
0.95 5.13 5.40 0.27
12m 1 5.80 5.88 0.08
1.05 5.05 5.42 037
1.1 5.15 5.41 0.26
1.15 4.01 4.63 0.62
SUM 34.83 37.82 3.00
. PD 230.76 106.24 11486 | 967 1
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Table 12: Consecutive Triple-Difference (DDD) Approach Between Option Pricing Models Before and After the WTO Event
This table shows the mean values of the DiDs from the “control” (DiD), (PreWTO - PrePreWTO)) and “treatment” periods (DiDj, (PreWTO - PostWTO)) for the REEs
cerium, lanthanum, neodymium, and yttrium based on call options. “t-stat (DDD)” is the t —statistic testing DDD,, against zero. y is equal to time to maturity, and S/K is the

ratio of the spot price to the strike price.

Cerium |BS — NGARCH| |BS — HN| INGARCH — HN| Nobs
S/K D (;::ggv?/m) (P;EZVTVOTO ) (lt)ls)tia)t) b (;::ggv?/m) (P;EZVTVOTO ) (lt)ls)t?)t) b (5::1?;;40”0) (Pzgsg/oro ) (f)ls)tg)
0.85 27.255 26.924 -1.80 3.125 1.862 -9.65 28.745 26.901 -14.56 150
0.9 9.446 9.305 -0.69 3.417 2.012 -9.55 11.734 9.453 -16.06 150
0.95 9.116 9.283 0.73 3.482 2.164 -7.49 12.460 10.045 -17.55 150
1 12.115 12.369 1.11 3.420 2.197 -6.61 15.540 13.344 -17.89 150
1.05 11.836 11.754 -0.47 3.300 1.943 -10.31 14.723 12.969 -16.33 150
1.1 12.731 12.499 -1.71 2.940 1.742 -11.13 15.095 13.852 -14.66 150
1.15 23.521 23.216 -2.81 2.554 1.526 -11.41 25372 24.536 -13.48 150
y
1m 6.007 5.798 511 0.689 0.361 -8.39 5917 5.700 -11.98 210
3m 28.969 28.664 -3.42 2.082 1215 -11.74 27.585 26.847 -18.55 210
6m 26.744 26.598 -0.99 3.427 2.065 -12.39 27.508 25.784 -28.17 210
9m 6.722 6.749 0.14 4.456 2736 -12.63 12.584 9.877 -37.55 210
12m 7.287 7.439 0.65 5231 3.227 -12.45 14.741 11.148 -44.48 210
Lanthanum |BS — NGARCH)| |BS — HN| [NGARCH — HN| Nobs
SIK Db (:::ggvovro) (Pﬁ,ffffv% ) (]t)]s)tia)t) Db (:::ggvovro) (Pﬁ,ffffv% ) (f)ls)tla)t) b (}I’Jrr:lglr/ZI/(l)/TO) (PgsgtVVTI/OTO ) (lt)ls)t?)t)
0.85 1.694 2326 7.57 1.049 1.450 5.60 0.963 1.327 17.30 150
0.9 1.897 2.600 6.37 1.261 1.693 452 1.001 1.383 19.54 150
0.95 1.996 2.694 5.07 1.351 1.783 3.45 1.028 1.403 20.62 150
1 1.986 2.656 4.59 1316 1.774 3.44 1.068 1354 15.61 150
1.05 1.887 2.551 5.89 1.112 1.648 5.11 1.134 1.309 10.80 150
1.1 1.749 2303 6.44 0.883 1.385 6.23 1.187 1.263 5.46 150
1.15 1513 1.955 6.69 0.706 1.091 6.35 1.044 1.109 4.54 150
y
Im : 0.312 0.471 6.77 0.268 0.376 5.96 0.128 0.252 11.47 210
3m | 09s1 1382 852 | 0.720 1.009 6.5 0.523 0.717 15.12 210
6m 1.918 2.599 8.29 1.188 1.675 6.52 1.119 1.373 14.83 210
9m 2.657 3.521 7.82 1.526 2.160 6.36 1.581 1.887 16.80 210
12m 3.248 4231 7.17 1.782 2.510 5.74 1.952 2305 16.91 210
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Table 12: Consecutive Triple-Difference (DDD) Approach Between Option Pricing Models Before and After the WTO Event—continued

Neodymium |BS — NGARCH| |Bs — HN| |NGARCH — HN| Nobs
S/K Dib (:::}I’/ZZV(I)/TO) D (Plzs:tvv?;o ) (ltalsatiaat) Dib (:::}I’/ZZV(I)/TO) D (PﬁﬁthVvTv(%o ) (gls)tfa)t) Db (zfrr:ggv?/m) (PIZEZVTI;(;"O ) (1t)183taDt)
0.85 4550 6.666 10.77 -0.034 2.049 10.63 8.065 8.127 8.10 150
0.9 4.444 6.899 11.08 0.028 2.448 10.96 9.017 9.062 5.81 150
0.95 5.610 8.290 10.44 0.200 2.848 10.36 11.296 11.363 6.28 150
1 5.902 8.595 10.37 0.326 2.971 10.26 11.747 11.835 6.20 150
1.05 6.653 9.061 11.68 0.078 2411 11.42 12.044 12.113 4.44 150
1.1 14.594 16.686 11.66 0.003 2.010 11.21 18.974 19.056 5.20 150
1.15 11.130 12.854 10.97 -0.088 1.648 11.03 14.661 14.750 6.11 150
y
1m 3.532 4.156 10.88 -0.107 0.511 10.81 4.045 4.067 5.97 210
3m 22.544 24.112 14.63 -0.036 1.494 14.28 22.995 23.045 7.34 210
6m 6.436 8.923 15.56 0.074 2.500 15.21 10.269 10.337 7.37 210
9m 2.676 5.829 15.87 0.176 3.287 15.66 11.053 11.160 8.03 210
12m 2.586 6.304 15.61 0.258 3.912 15.44 12.926 13.039 7.36 210
Yttrium |BS — NGARCH| |Bs — HN| |NGARCH — HN| Nobs
S/K Dib (:::}I’/ZZV(I)/TO) D (szﬁsvtvﬁ% ) (ltalsatiaat) Dib (:::}I’/ZZV(I)/TO) D (PﬁﬁthVvTv(%o ) (gls)tfa)t) Db (zfrr:ggv?/m) (PIZEZVTI;(;"O ) (1t)183taDt)
0.85 -0.746 0.998 8.97 2.942 4.686 8.98 3.769 3.825 7.57 150
0.9 -0.696 1307 9.23 3.472 5.466 9.21 4227 4270 5.39 150
0.95 -0.576 1.632 8.58 3.810 6.026 8.64 4.420 4.476 5.00 150
1 -0.445 1.780 8.43 3.925 6.114 8.28 4316 4371 5.32 150
1.05 -0.340 1.634 9.40 3.520 5514 9.67 3.807 3.869 491 150
1.1 -0.226 1.460 10.28 3.044 4.754 10.26 3.202 3.243 2.84 150
1.15 -0.195 1.238 9.88 2537 3.939 9.70 2.621 2.669 3.26 150
y
1m -0.364 0.156 9.50 0.903 1.423 9.37 1416 1.436 5.29 210
3m -0.763 0.541 12.08 2.184 3.492 12.12 2.952 2.991 6.23 210
6m -0.678 1.367 12.64 3.558 5.598 12.58 4.132 4.188 6.25 210
9m -0.384 2.200 12.53 4555 7.135 12.57 4.869 4.935 5.57 210
12m -0.114 2913 12.52 5.406 8.422 12.50 5.462 5.538 5.47 210
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Figure Al: Conditional Variance from GARCH(1,1) for REEs

This figure shows the conditional variance from a GARCH(1,1) process for the return series of the individual REEs. All data come from the Asian Metals database for the
January  2005-September 2014 period. The estimated variance equations are as follows: Cerium: o¢f = 0.0502¢2_; + 0.956002 ;. Lanthanum:
o? = 0.1752¢%; + (—0.0890)02 ;. Neodymium: g2 = 0.4574€? ; + 0.516602 ;. Yttrium: 67 = 0.2093€2_, + 0.723807 ;.
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Table Al: Descriptive Statistics of REE Returns
This table shows the mean, median, standard deviation, skewness, kurtosis, minimum, and maximum of the
weekly REE log returns for the January 2, 2004-September 30, 2014 period, based on FOB (foreign) and
domestic (China) prices (end-of-week) (panel A) and related indices (panel B). Price data comes from the
Asian Metal database; all calculations based on USD/kg.

Element I\E[(;in Std(.(ylo))ev. Skewness Kurtosis 12{,[/:)1)1 12/({2;(
Panel A: Light Rare Earths Elements - Oxides

Lanthanum FOB 0.2005 5.5216 6.1584 87.4396 -19.70 79.54
China 0.1421 3.8554 4.2875 33.1932 -12.24 32.73

Cerium FOB 0.2185 6.1732 6.8522 97.0774 -23.51 91.25
China 0.2241 3.5074 2.7797 17.7017 -9.93 26.06

Neodymium FOB 0.4788 4.0202 2.0750 14.1507 -15.12 23.86
China 0.3878 3.6276 0.9166 8.9949 -14.14 18.40

Yttrium FOB na na na na na na
China 0.1865 6.0704 2.3510 35.4982 -34.05 43.33

Panel B: Rare Earths Indices - Oxides

Equally FOB 0.3233 4.4089 6.6652 94.0005 -14.71 65.79

Weighted REE  China 0.1919 2.8956 3.0077 22.5206 -8.66 24.40

Index

Usage- FOB 0.3674 4.0667 5.1808 62.0995 12.78 53.98

Weighted REE  China 0.2931 2.9463 1.8093 12.7585 -9.46 20.13

Index
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Table A2: Business Profiles of Identified REE Companies
This table gives an overview of the business profiles of the five firms with the highest correlations among the
12 (=3 (1=-1, -2, and pre-selection periods) x 2 (REE index based on FOB and China prices) x 2 (equally and
usage-weighted REE indices) possible selection combinations (based on lowest rank-sum). Business profiles
and additional information come from Reuters or Bloomberg.

Company

Profile

Additional Information

Huayi Electric
Co., Ltd.

Huayi Electric Company Limited is principally engaged
in the manufacture and distribution of wind power
generation equipment and high voltage electrical
appliances. The company's main products are high-and
low-voltage power distribution products, including
outdoor switches, medium- and low-voltage switch sets,
switch components, high-voltage switches and
substations, as well as wind power generation products,
such as wind power generator sets. In addition, through
its subsidiaries, the company is involved in providing
first stage development and technical services for wind
power stations, as well as research and development of
software of wind power control systems. The company's
products are distributed in both domestic and overseas
markets.

Hubei
Biocause
Pharmaceutical
Co., Ltd.

Hubei Biocause Pharmaceutical Co., Ltd. develops and
produces pharmaceuticals focusing on the treatment of
colitis, high blood pressure, and infectious diseases. The
company also manufactures and markets carbinol and
polypropylene chemical products.

The company owns a 2.23% stake
in Inner Mongolia Baotou Steel
Union Co. Ltd., and a 0.68% stake
in China Minmetals Rare Earth Co.
Ltd., which are both active in the
REE market.

Shanghai
Electric Co.,
Ltd.

Shanghai Electric Group Company Limited is
principally engaged in the design, manufacture, and
distribution of electric power and industrial equipment.
The company’s main business is new energy, including
the manufacture and sale of wind turbines and
components and nuclear power equipment; efficient and
clean energy, including the manufacture and sale of
thermal power equipment and power transmission and
distribution equipment; industrial equipment, including
the manufacture and sale of elevators and motors;
modern services, including the contracting of
construction projects of thermal power and transmission
and distribution projects, as well as other businesses.
The company mainly operates in domestic and overseas
markets.

Xining Special
Steel Co., Ltd.

Xining Special Steel Co., Ltd. is principally engaged in
the smelting and rolling processing of special steel
products, as well as coal industries and ore mining. The
company's primary products include alloy structural
steels, alloy tool steels, carbon structural steels, bearing
steels, spring steels, carbon tool steels, stainless steels,
raw coals, lime stones, refined ferrous powder, and
cokes. The company operates in domestic and overseas
markets.
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Table A2: Business Profiles of Identified REE Companies—continued

Company Profile Additional Information
Xinjiang Ba Yi | Xinjiang Ba Yi Iron & Steel Co., Ltd. is principally The company is part of the
Iron & Steel engaged in the smelting, rolling, and processing of iron | Baosteel group, which is active in
Co., Ltd. and steel, as well as the production and distribution of the production of steel and non-

pressing steel products. The company provides
deformed steel bars, high-speed wire rods, hot-rolled
plates, round steel, cold-rolled plates, galvanized plates,
colour-coated plates, and medium plates, among others.
The company distributes its products primarily in the
domestic market, with the Xinjiang autonomous region
as its major market.

ferrous metals, including the
processing of REEs.
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Table A3: Change in Stock Price Synchronicity of REE Industry Companies after the WTO Event—Multivariate Evidence (China REE Index)

This table replicates Tables 8 and 9, except it uses the equally weighted China REE Index for the selection of REECs instead of the FOB REE Index. Examining the variance
inflation factors (VIFs) reveals no evidence of multicollinearity, because all VIFs are well below the critical value of 5 (see Kutner et al., 2005). *** ** and * indicate
statistical significance at the 1%, 5%, and 10% levels, respectively.

Two-Stage Least Squares with

OoLS Newey-West Standard Errors Random Effects Estimation
# REECs Q) (2) 3 “4) ) ©) (@) @ ®
50 PostWTO(t,) X REEC -0.170%** -0.183*** -0.131%**
(-3.13) (-2.92) (-2.10)
50 PreWTO(t,) X REEC 0.015 0.033 -0.013
(0.26) (0.58) (-0.19)
25 PostWTO(t,) X REEC -0.133* -0.149* -0.090
(-1.66) (-1.70) (-1.02)
25 PreWTO(t,) X REEC 0.022 0.042 0.033
(0.29) (0.55) (0.32)
10 PostWTO(t,) X REEC -0.080 -0.091 -0.017
(-0.59) (-0.62) (-0.13)
10 PreWTO(t;) X REEC 0.030 0.048 0.048
(0.31) (0.57) (0.32)
Control Variables Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307
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Table A4: Variable Definitions and Descriptions
This appendix provides a detailed overview of the calculation methods and databases used here. Variable name means the name used in all tables and figures; database shows
which database was used to obtain the information; variable ID is the name of the data item in the respective database, and description and calculation method describe how the
variable was derived or calculated. CSMAR:TRADING refers to the CSMAR China Stock Market Trading Database, and CSMAR:FINANCIAL refers to the CSMAR China

Stock Market Financial Statements Database.

Variable Name

SYNCH

MR

IR

REER

PreWTO(t,)

PostWTO(t5)

Top Gov

Database

CSMAR:TRADING

CSMAR:TRADING

CSMAR:TRADING

Asian Metal Database

CSMAR:TRADING

Variable ID
See Equation (6)
CDRETWDTL
Based on DRETWD
A.

A
A

Based on NSHRSTT, NSHRTTL

75

Description and Calculation Method

Stock price synchronicity

Volume-weighted daily aggregated market index
return with reinvested cash dividends (total
value-weighted), including all A shares (listed on
either the Shanghai or Shenzhen stock exchange)

Industry index return for the respective industry
based on the six-digit industry classifications
from Industry Code A. See necessary conditions
below Equation (7), which must hold to enter the
index

REE indices that cover the four most important
elements (Ce, La, Nd, and Y), calculated as
usage- and equally weighted indices based on
FOB (foreign) and China prices.

Dummy variable that equals 1 for the pre-WTO
period, and 0 otherwise

Dummy variable that equals 1 for the post-WTO
period, and 0 otherwise

Percentage of shares held by the state at the end
of the fiscal year

(continued)



Table A4: Variable Definitions and Descriptions—continued

Trading volume computed as the total number of
shares traded in a year, divided by the total
number of shares outstanding at the end of the
fiscal year

Volume CSMAR-TRADING Based on MNSHRTRD, NSHRTTL

. Firm size computed as the log of total assets at
Size CSMAR:FINANCIAL A001000000 the end of the fiscal year

Leverage computed as the total liabilities divided

Based on 4002000000, A001000000 by total assets at the end of the fiscal year

Leverage CSMAR:FINANCIAL

Standard deviation of a firm’s earnings stream
measured by the standard deviation of a firm’s
return on assets (ROA) over the preceding four-
year period, including the current year

Std(RoA)) Based on D000101000, A001000000;

CSMAR:FINANCIAL

Market-to-book ratio, computed as the total
M/B CSMAR:TRADING, & Based on MSMVTTL, A003000000 market value of equity, divided by total
CSMAR:FINANCIAL shareholder equity at the end of the fiscal year

Natural log of the number of firms in the industry
Ind Num / to which a firm belongs. See necessary
- CSMAR:FINANCIAL o conditions below Equation (7), which must hold
to enter in the equation

Industry size, measured as the log of the year-end
total assets of all sample firms in the industry to
which a firm belongs. See necessary conditions

Ind_Size CSMAR-FINANCIAL Based on A001000000 below Equation (7), which must hold to enter in
the equation

76



Appendix A5: Black-Scholes (1973) Simulation with Moving Block Bootstrap

We use a moving block bootstrap methodology to simulate the sample distribution.

We thus follow Politis and White (2004) in terms of selecting the optimal block length for the

20 1/3
dependent bootstrap. The optimal block size is chosen by by, = (%) N'/3 Both G and

D involve parameters Y.;—_|k|R(k), Xr=_ R(k), and g(w) = Y- _o R(k) cos(wk). As
Politis and Romano (1995) suggest, Yo _,|k|R(k) is estimated by Y¥__,, A(k/M) |k|R(k),
where R(k) = N1 Z?’:_llkl(Xi — X)) (Xipk) — Xn)- A(6) is a function with symmetrically

trapezoidal shape around zero:

1 if It] € [0,1/2]
A®) =142(1 = |t] if It € [1/2,1].
0 otherwise.

Similarly, g(w) = Yr-—_c R(k) cos(wk) could also be estimated by g(®) =
M A(k/M)R (k) cos(wk). With the predefined functions, we would arrive at G =

M _yA(k/M) |k|R(k), D = 4G%(0) + %f_"n(l + cos w) §?(w)dw. Then, the estimator for

~ A2y 1/3
the block size choice would be: by, = (%) N1/3,

It is important to choose the optimal bandwidth M. As suggested by Politis and
Romano (1995), practically, we would look for the smallest integer m, with the condition that

R(k) is not significantly different from zero while k > /; then M = 2.
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