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Abstract: An efficient market is one where prices of traded securities reflect
all available information and adjust fully and quickly to new information. When
one market is efficient changes in stock prices are unpredictable and therefore
behave as a random walk.

Our aim to test the efficiency of the international metals market by ana-
lyzing their behavior in the London Metal Exchange or LME for its acronym
in English, and PLATTS developed by Mc Graw Hill Company. Both indica-
tors are the primary benchmark to determine the base price for metal parts
(aluminum) in the automotive industry.

To do this, we take a monthly publication from January 2009 until August
2013, of the metal prices reported in PLATTS and LME. Various statistical
tests were applied to determine the stationarity of the sample generated, such
as the Autocorrelation Function, the Ljung-Box Test, the Unit Root Test, the
Dickey-Fuller Test and the Augmented Dickey-Fuller Test. We concluded that
the analyzed series are non-stationary for the case studied, showing a strong
statistical evidence that, the international market of the aluminum is efficient
and follows a random walk.
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1. Introduction

The establishment of market efficiency in the metal-mechanical industry is im-
portant because, based on this assumption, we can determine the changes in
the price of metals, which could come given as a random walk and so therefore,
the pricing of the securities could be adjust to the available information [1].

Therefore, it is significant to establish the hypothesis that efficient markets
have important implications in determining the prices of metals, such as in
the context of financial markets, the decisions of individual investors and in
the field of management company [2]. If markets are efficient, prices reflect all
available information about the intrinsic value or fundamental of each security,
protecting the small investor the damage which might arise from their lack of
experience or knowledge about the functioning of the market [3]. Thus, an
efficient market is a fair market where all investors, specialized or not, have the
same degree of information and therefore the same chance of winning or losing.

In an efficient market, the price of assets (in this case metal prices) fluctuate
randomly about its intrinsic value [2], therefore the development of asset pricing
models, together with the review of the efficiency of markets, constitutes the
pillars on which the studies of capital markets settle. Our work focuses on
determining the efficiency of the aluminum market and for this, we rely on
the methodology and analysis given by [4]. Therefore, in the remainder of this
document we approach our work based on the ideas of these authors.

The prediction on the price change has always been a topic of great im-
portance in the study of finance. However, surprisingly, few things had been
published until Kendall [6]. This author conducted studies that found that
the weekly price changes in a variety of financial series can not be predicted
either by past changes in the series or in other series of past price changes [4].
This may have been the first explicit report of the properties of financial prices,
the study would lead subsequent to the property called “market efficiency”.
However, subsequent work by Roberts [7] and Osborne [8], presented a compre-
hensive analysis that developed the proposition that there are prices in absolute
value but the logarithmic price changes which are independent, which is based
on the assumption that these auxiliary changes normally distributed [9].

The random walk theory states that market and securities prices are random
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and not influenced by past events. The idea is also referred to as the “weak
form efficient-market hypothesis.” The central idea behind the random walk
theory is that the randomness of stock prices renders attempts to find price
patterns or take advantage of new information futile. In particular, the theory
claims that day-to-day stock prices are independent of each other, meaning that
momentum does not generally exist and calculations of past earnings growth
does not predict future growth [32].

Historically, there was a very close link between the efficient-market hypoth-
esis, the random walk hypothesis and then the Martingale model. The random
character of stock market prices was first modelled by Jules Regnault, a French
broker, in 1863 and then by Louis Bachelier [10], a French mathematician, in
his 1900 PhD thesis, “The Theory of Speculation”. His work was largely ig-
nored until the 1950s; however, beginning in the 1930s scattered, independent
work corroborated his thesis. In fact, the basis for the current analysis of price
series financial and its features were originally established by Bachelier; while,
initially most readers did not understand the importance of the conclusions to
which he came, his analysis has foundations that are valid even today.

Studies of market efficiency through the random walk hypothesis have been
documented throughout the world. In Latin America, was made using various
approaches, among which include: 1) Evidence of Serial Correlation Coefficient
and Parametric in Runs Test, described by Sidney [31], 2) The Unit Root Tests
of Dickey-Fuller [25], Phillips-Perron [27] and Kwiatkowski-Phillips [30], used
to test the non-stationarity as a necessary condition for a random walk; 3) The
Statistics of the Variance Ratio proposed by Lo and MacKinlay [29], used to
test the random walk for various known distributions, and the Test of Multiple
Variance Ratio developed by Chow and Denning [11], 4) The Test of Bartlett
[28], 5) The Q Statistic of Box and Pierce [12] and the Statistic of LB Ljung
and Box [24], (information mentioned in [4]).

In Europe, studies have been conducted using random walk in Slovenia
[13], Spain [14], Czech Republic [15], in the UK [16], in European equity mar-
kets, including countries such as Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Swe-
den, Switzerland and the United Kingdom and four emerging markets as Czech
Republic, Hungary, Poland and Russia [17] and efficiency in European equity
markets by Maŕıa Rosa Borges [18], (information mentioned in [4]).

In the United States, was primarily Osborne who analyzed the stock prices.
This author presented their results to other physicists and showed that the
prices of the common shares are similar to the motion of the molecules prop-
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erties. He shown that common-stock prices, and the value of money can be
regarded as an ensemble of decisions in statistical equilibrium, with properties
quite analogous to an ensemble of particles in statistical mechanics [4, 8].

Subsequently, Moore [19] analyzed the first differences of the logarithms of
the prices of eight shares of NYSE (New York Stock Exchange), leaning on
the hypothesis that the distribution of returns is approaching a normal type,
the prices seemed to move randomly and there was a predictable pattern of
behavior, (information mentioned in [4]).

Fame [1], corroborates this view as to the daily returns of each of the thirty
stocks that make up the Dow Jones Industrial Average. Another interesting
study of market efficiency was conducted by Malkiel [32] after examining the
attacks on the twin towers, and, again shows that professional investment man-
agers do not exceed the index of points of reference. Also, this author provides
evidence that prices in major markets seem to reflect all available information
[4].

Although scattered, there are some studies documented to establish the ef-
ficiency of the metals markets made by Sephton and Cochrane [20, 4]. These
authors performed a test of cointegration to establish market efficiency cop-
per, zinc, aluminum and nickel finding that these markets are efficient. Sub-
sequently, Kenourgios and Samitas [21] analyzed the hypothesis of market ef-
ficiency in the prices of metals reported by the LME. They found that the
market is not efficient. On the other hand, Gwanak-ro Gwanak-gu and [22]
realized studies in Korea in 2010 through of a cointegration model, for the pe-
riod 1985-2008. They studied the markets for aluminum, zinc and copper and
concluded that only the copper market was efficient, while aluminum and zinc
were inefficient, (information mentioned in [4]).

In this document we use the random walk method to test the international
efficiency of the aluminum market. Our hypotheses to test are given by: H0 :
the market of the aluminum prices reported by PLATTS and LME is efficient,
and H1 : the market of the aluminum prices reported by PLATTS and LME is
not efficient.

2. Methods and materials

For the development of this research we obtained the aluminum prices reported
by PLATTS and LME for the period from January-2009 to July-2013. These
quantities correspond to the values of closing monthly rates during the men-
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tioned period. The interval is broad enough to determine whether the market
is efficient or not, since it is considered both periods of stability and economic
instability and political.

Data from the PLATTS and LME (Table (1)), for this study were subjected
to statistical analysis using various tests for this goodness of fit in order to
determine the stationarity of both.

Table (2) shows a summary of descriptive statistics of the price indexes of
the aluminum reported in PLATTS and LME. These indices are negatives and
asymmetrics indicating that there is a greater likelihood of large falls instead
of increases in both cases. The Jarque-Bera statistic and the p-value are also
showed. Since the index Jarque-Bera and the p-value are within the permitted
level of significance (0.05), then we accept the null hypothesis that the values
reported in PLATTS and LME for the aluminum price indices are normally
distributed.

Date LME PLATTS Date LME PLATTS

01/01/2009 2,165.00 2,366.20 01/04/2011 1.292,00 1.330,70
01/01/2009 2.165,00 2.366,20 01/05/2011 1.190,00 1.479,50
01/02/2009 2.190,00 2.318,10 01/06/2011 1.420,00 1.505,30
01/03/2009 2.230,00 2.325,20 01/07/2011 1.650,00 1.520,60
01/04/2009 2.190,00 2.389,30 01/08/2011 1.705,00 1.642,40
01/05/2009 2.170,00 2.391,30 01/09/2011 1.680,00 1.937,60
01/06/2009 2.170,00 2.339,50 01/10/2011 1.700,00 1.928,50
01/07/2009 2.130,00 2.327,00 01/12/2011 1.950,00 1.978,70
01/08/2009 2.121,00 2.344,80 01/01/2011 1.930,00 2.144,80
01/09/2009 2.160,00 2.341,50 01/02/2011 1.937,00 2.305,90
01/10/2009 2.192,00 2.357,60 01/03/2012 2.060,00 2.241,12
01/11/2009 2.285,00 2.400,10 01/04/2012 2.210,00 2.318,06
01/12/2009 2.280,00 2.402,10 01/05/2012 1.870,00 2.402,36
01/01/2010 2.380,00 2.409,10 01/06/2012 1.865,00 2.270,80
01/02/2010 2.740,00 2.589,00 01/07/2012 1.850,00 2.184,41
01/03/2010 2.680,00 2.843,90 01/08/2012 2.145,00 2.184,41
01/04/2010 2.690,00 2.831,50 01/09/2012 2.200,00 2.282,97
01/05/2010 2.660,00 2.814,50 01/10/2012 2.186,00 2.293,99
01/06/2010 2.590,00 2.780,20 01/11/2012 2.200,00 2.420,28
01/07/2010 2.530,00 2.840,90 01/12/2012 2.230,00 2.442,32
01/08/2010 2.440,00 2.713,70 01/01/2013 2.290,00 2.442,32
01/09/2010 2.140,00 2.532,20 01/02/2013 2.336,00 2.541,00
01/10/2010 1.420,00 2.122,50 01/03/2013 2.375,00 2.644,80
01/11/2010 1.270,00 1.730,60 01/04/2013 2.759,00 2.708,47
01/12/2010 1.045,00 1.495,00 01/05/2013 2.630,00 2.710,24
01/01/2011 1.025,00 1.495,00 01/06/2013 2.508,00 2.673,58
01/02/2011 1.103,00 1.354,50 01/07/2013 2.589,00 2.653,07
01/03/2011 1.206,00 1.313,10 01/08/2013 0 0

Table 1: Base price of a ton of aluminum in LME and PLATTS.
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Index Average Maximum Minimum Standard d.
LME 2,050.34 2,759.00 1,025.00 462.52

PLATTS 2,241.70 2,843.90 1,313.10 425.07

Índice Skewness Kurtosis Jarque-Bera p-value
LME -0.6541 2.66 4.17 0.1240

PLATTS -0.7558 2.68 5.46 0.0651

Table 2: Descriptive statistics of the stock indices of international
aluminum prices

2.1. The random walk hypothesis

It is said that the random walk with drift “process” is characterized by the
equation Yt = Yt−1 + β + εt, or rt = ∆Yt = β + εt, where Yt is the the
price index reported in PLATTS an LME at time t. Here, β is a parameter
or abitrary drift, rt are the changes in the indices and εt is a random error
satisfying, E(εt) = 0, E(εt, εt−g) = 0, g 6= 0, for all t.

Under the random walk hypothesis, a market is efficient if the most recent
price contains all available information, therefore, it is considered that this is
the best predictor of prices. There are three versions of the random walk model,
according to the classification suggested by Campbell, Lo and MacKinlay [23, 4]:

1. RW1: The first version requires that price increases are independent and
identically distributed. Here, Yt = µ + Yt−1 + εt, where εt ∼ IID(0, σ2),
µ is the expected value of the change in price, and σ is the standard
deviation. Since the increments are independent, the random walk is a
far game but more demanding that the martingale, because independence
implies that not only increases are not correlated but not linear functions
of them are also not correlated.

Assume that prices follow a normal distribution implies that they can
have negative prices. Then the natural logarithm of prices, represented by
Pt = log Yt, follows a random walk with increments that follow a normal
distribution, i.e, Pt = µ + Pt−1 + εt with εt ∼ IID N(0, σ2), which leads
to the Bachelier model [10].

2. RW2: This second version, requires only that increments be independent,
without the need to submit the same distribution. Then, this version
takes into account the heteroskedasticity in the increments, characteristic
common in financial time series.

3. RW3: Finally, the random walk model only requires that the increases
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not be correlated, i.e, Cov (εt, εt−k) = 0, but admits that there depen-
dence between them, i.e, Cov (εt, εt−k) = 0 for k 6= 0.

This provides a complementary number of tests of random walk and market
efficiency

2.2. Statistical analysis

In this document, all the statistical analyzes were performed using the compu-
tational software EViews 8 for Windows.

The tests performed were: 1) the Sample Autocorrelation Function and
the correlogram, 2) the Statistic of LB Ljung and Box [24], in order to test the
statistical significance of the joint hypothesis that all autocorrelation coefficients
are simultaneously equal to zero; and 3) the Dickey-Fuller Test involved in the
process of making decisions [25] .

In analyzing the nature of the unit root process, it shows that a random walk
process may have or not variations; or possibly have variations and deterministic
trends. In order to enable the different possibilities, the Dickey-Fuller Test was
estimated in three different ways [4]:

1. Yt is a random walk given by

∆Yt = δYt−1 + ut. (1)

2. Yt is a random walk with variations given by

∆Yt = β1 + δYt−1 + ut. (2)

3. Yt is a random walk with variations around a deterministic trend, i.e.,

∆Yt = β1 + β2 t+ δYt−1 + ut. (3)

Where t is the time or trend variable.
In each case the null hypothesis assumes that δ = 0; i.e, there is a unit root

and the time series is not stationary. The alternative hypothesis assumes that
δ < 0; that is, the time series is stationary. If the null hypothesis is rejected,
this means that Yt is a stationary time series with zero mean. Notice that, for
Equation (1) this means that Yt is stationary with zero mean. Similarly, for
Equation (2), Yt is stationary with non-zero mean, and for Equation (3), Yt is
stationary around a deterministic trend [4].

The estimation procedure for the Dickey-Fuller Test was as follows:
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1. The model is estimated by Equations (1), (2) or (3) by the method of
ordinary least squares.

2. The estimated coefficient of Yt−1 is divided in each case by its standard
error to calculate the statistic τ .

3. The Dickey-Fuller tables are queried.

If the calculated value of the statistic τ exceeds the allowable error of the
Dickey-Fuller test, or the MacKinnon critical values [26], then, the null hypoth-
esis is rejected (i.e., δ = 0), and the time series is stationary. Moreover, if τ
calculated does not exceed the critical value, the time series is not stationary
and the null hypothesis is accepted [4]. Using Equations (1), (2) and (3) and for
α = 0.05, the critical values obtained with the experimental data, were -1.9439,
-2.8947 and -3.4614; respectively.

Decision-making is based on determining whether changes in aluminum
prices represented by the LME PLATTS and internationally marking metals
present a random behavior or not. If returns follow a “random walk” the null
hypothesis is rejected and states that the international aluminum market is
efficient.

3. Results and Discussion

When the time series are studied, it is useful to perform a graphical represen-
tation of the data in order to display if it can describe any kind of behavior
that provides an initial clue to the possible nature of the time series. In Figure
(1) we show a monthly graphical representation of the data from the PLATTS
and LME during the period January 2009 to July 2013. Evaluation exhibits
behavior that can be deemed as irregular or erratic, which intuitively, predicts
a random behavior.

3.1. Stationarity test based on the correlogram

In this section we exhibit the stationarity test based on the autocorrelation
function. This test is performed by calculating the lag between the first and
subsequent observations. The exercise aims to evaluate the degree of auto
correlation between recent evaluations and lagging evaluations of the indexes
associated with aluminum prices, reported by LME and PLATTS. The auto-
correlation function, ρk of the lag k is given by
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Figure 1: Behavior of the index values associated with aluminum prices

ρk =

n−k
∑

t=1

(

Yt − Ȳ
) (

Yt−k − Ȳ
)

n
∑

t=1

(

Yt − Ȳ
)2

, (4)

where k is number of lags, n is the sample size, Yt is the index number of
the aluminum price reported by PLATTS or LME and Ȳ is the sample mean
of the serie. The corresponding correlograms and their parameters of the time
series for PLATTS and LME for n = 24 are shown in Figure (2). Notice that,
the autocorrelation coefficient begins with a very high value for both (ρ1 =
0.948 for PLATTS and ρ1 = 0.923 for LME) and declines very slowly as the lag
continues.

Regarding the interpretation of the correlograms, Gujardi [5], suggests a
practical rule for calculating FAC choosing lag length up to one third or half
of the length of the time series. In this case, we have 55 observations, and
according to the above rule, we shall choice between the lags 19 and 28. The
observed results suggest that the series are non-stationary [4].
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Figure 2: Correlograms for PLATTS and LME

3.2. The Ljung-Box Statistic

Instead of testing the statistical significance of any individual autocorrelation
coefficient, it can be proved the joint hypothesis that all the autocorrelation
coefficients are simultaneously zero. For this, we used the Statistic of LB Ljung
and Box [24] with m degrees of freedom given by

LB = n(n+ 2) =
m
∑

k=1

(

ρ2k
n− k

)

∼ χ2
α,m. (5)

Here, n is the sample size, m the lag length, and ρk is the sample autocor-
relation coefficient. The criticality level of the test was α = 0.5.

When considering the data of PLATTS and LME, the values of this statistic
until the lag 24 were 274.99 and 240.25 respectively. The probability of this
happening is zero, under the null hypothesis that the sum of the 24 squares of
the estimated autocorrelation coefficients are zero. Since the calculated Ljung-
Box statistic values are greater than χ2

α,m = 0.05, 24 36.4150, the null hypothesis
that simultaneously all ρk = 0, is rejected. Therefore, the conclusions are that,



EFFICIENCY EVALUATION... 507

both time series LME and PLATTS are non-stationary.

3.3. The Unit Root Test

An alternative method for assessing the stationarity of a series is to apply the
Test of the Unit Root proposed by Dickey-Fuller [25]. We applied this test to
the data of the time series PLATTS and LME. The results for the three models
were (Equations (1), (2) and (3)):

1. Yt is a random walk. In other words, ∆t = − 0.001, τ = − 0.1576 for
PLATTS and ∆t = − 0.001, τ = − 0.0983 for LME.

2. Yt is a random walk with variations, i.e., ∆t = 153.0928 − 0.0673, τ =
− 2.0197 for PLATTS, and ∆t = 165.3206 − 0.0785, τ = − 1.6134 for
LME.

3. Yt is a random walk with variations around a deterministic trend, i.e.,
∆t = 144.6858 + 0.2581t − 0.0668, τ = −1.9816 for PLATTS, and ∆t =
133.8311 + 1.0012t − 0.0767, τ = −1.5674 para LME.

For the model of Equation (1), the estimated values of τ were −0.1576 and
−0.0983 for PLATTS and LME respectively. These values must be lower than
−1.9471 for α = 5 percent. Since the estimated values of τ were smaller than
the statistic of the test, the conclusion is that, both series are non-stationary.

The same applies to the model of Equation (2). The values of τ were
−2.0197 and −1.6134 for PLATTS and LME respectively. Obviously, these are
lower than the statistic obtained whose value were −2.9176 for α = 5 percent.
For Equation (3), the values of τ were -1.9816 and -1.5674 for PLATTS and
LME respectively. The corresponding value of the test statistic were −3.4969
for the same value of α.

Therefore, based on the graphical analysis, the correlograms, the Ljung-
Box test and the Dickey-Fuller test, the conclusion is that the prices of the
aluminum published monthly during the period from January 2009 to July
2013 in PLATTS and LME are non-stationary time series.

4. Conclusions

The tests carried out in the prices of the aluminum published by LME and
PLATTS demonstrate that changes of these in the international market are
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non-stationary. Also, it was proved that these indices are asymmetric negative
indicating that in both cases there is a greater likelihood that there are big falls
and increases in price values. The Jarque-Bera Statistical Test of distributions
of the indices showed that these are distributed normally. Therefore, the eco-
nomic hypothesis with we start this research (H0: The international aluminum
market is efficient). In this sense it can be said with sufficient statistical ev-
idence that international aluminum market represented by the PLATTS and
LME indices are efficient from the economic point of view, for the period from
January 2009 to July 2013.
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