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Behavioral In�uences in Non-Ferrous Metals Prices

Mark Cummins, Michael Dowling, Brian M. Lucey

Abstract

Recent research has identi�ed the presence of behavioral in�uences on traders in pre-

dominantly professionally traded markets such as oil, gold, and foreign exchange. Pre-

vious research had largely con�ned behavioral-based investigations to equity markets

due to an assumption that noise traders would drive any in�uence and these traders

were mainly absent from the professionally traded markets. This paper extends this re-

search to the non-ferrous metals markets and demonstrates similar in�uences on prices.

It is shown that psychological price barriers, where there is predictable trading pat-

terns around psychologically important price points, are important. Speci�cally, lead,

zinc, and aluminium alloy, show anomalous price reactions in the days particularly

following a breach of a $1,000 price point. There is also evidence presented of neg-

ative price clustering before key price barriers. Subperiod tests further indicate that

the relevant psychological price point is dependent on average prices. Recognising the

multiple hypothesis testing nature of the study, generalized Bonferroni corrections are

implemented to provide a robust control for the possibility of data mining. This rep-

resents a �rst investigation of behavioral in�uences in non-ferrous metals prices, and

suggests these markets are not immune to trader biases in�uencing the setting of prices.
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1 Introduction

Copper looks set to test the $10,000 a ton mark again, supported by

strong import �gures from China

Commerzbank, 13th April 2011

Aluminum futures have settled below the symbolic $2,000-per-tonne

mark on the London Metal Exchange for a full week of trading,

suggesting that weak fundamentals might �nally be catching up with

the speculation-driven market.

Metal Bulletin, 25th August 2009

The idea that certain price points in the non-ferrous metals markets (and indeed most

�nancial markets) are symbolic or psychologically important is taken as a given in media

coverage and market analysis. Yet this behavioral aspect of prices for these markets has never

been investigated. In fact, no behavioral analysis has previously been applied to develop

a deeper understanding of how non-ferrous metals are priced. This is despite behavioral

�nance principles having been successfully applied in a number of other professionally-traded

markets, such as oil, gold, and foreign exchange, and showing a strong ability to improve

knowledge of trader decision-making and price setting in these markets.

Researchers in equity pricing have repeatedly shown that some price points are more psy-

chologically important than others to market participants and that this in�uences prices (e.g.

Donaldson and Kim, 1993). To illustrate this research: the Dow Jones Industrial Average

breaking through 10,000 points is argued to be a more prominent and salient event than the

price reaching 9,500. Apple's share price approaching $1,000 is considered to be more note-

worthy to investors than the shares approaching $1,050. Aggregating market price events like

these, equity researchers have shown that for psychologically important price points, prices
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tend to show abnormal clustering (often interpreted as a reluctance of prices to cross through

a price point), and also that pricing in the days immediately following a breach of a price

barrier tends to be predictable. These �ndings in equity markets were initially attributed to

the actions of poorly informed small traders, but recent research has extended the area to

markets that are predominantly professionally traded. Thus, Mitchell and Izan (2006) �nd

psychological barriers to be evident in foreign exchange markets; Aggarwal and Lucey (2007)

�nd clustering and barriers in gold prices; and most recently Dowling, Cummins, and Lucey

(2014) show these e�ects in oil futures prices. For example, in oil futures it is found that

whole $10 price points are psychologically important in these markets, with prices showing

retrenchment subsequent to breaching a $10 barrier through rising prices.

We extend this research to the non-ferrous metals markets. The testing approach is

adapted from Dowling et al. (2014) and Aggarwal and Lucey (2007) and focuses on detecting

the presence of price clustering and psychological barriers in the prices of non-ferrous metals

traded on the London Metal Exchange (LME). The seven non-ferrous metals selected are:

aluminium, aluminium alloy, copper, lead, nickel, tin, and zinc; and consist of daily cash

contract prices from 03 December 1993 to 05 December 2013. Key �ndings include that

price clustering is present for the majority of metals around whole $1,000 price points. The

most common form of clustering is negative clustering, where there is a lower frequency of

prices in psychologically important price regions. Further there is evidence of directional

price movements for a number of metals in the days immediately after prices pass through a

$1,000 barrier level. Subperiod tests indicate that these �ndings are still a feature in today's

markets, but that a $100 price barrier was the most relevant in the early period when metals

traded at signi�cantly lower average prices compared to the most recent period.

Given the amount of tests undertaken in the study there is a risk of spurious �ndings (a
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common criticism of behavioral �nance studies; see e.g. Sullivan, Timmermann, and White,

2001; and more recently for general �nance research by Harvey, Liu, and Zhu, 2014). With

1,134 coe�cients tested across the study, some coe�cients would, by chance alone, appear

to be signi�cant even if all null hypotheses were true. We control for this possibility through

implementing a Generalized Bonferroni correction (Romano, Shaikh, and Wolf, 2010); the

practical implication of which is that only coe�cients with a p-value less than 0.00503 are

considered to be signi�cant. This adds a strong element of reassurance as to the robustness

of the �ndings.

The implications of these �ndings relate, �rstly, to the e�ciency of the markets. A

price passing through a $100 or a $1,000 level should not cause predictability of subsequent

price movements, nor should prices cluster around price levels. Yet, we show this e�ect

in these markets. This suggests that (at least for this particular price feature) a number

of the non-ferrous metals markets are not even weak-form e�cient. There is, secondly, a

trading implication. For example, one of the most notable �ndings is that aluminium alloy

prices retrench by 1.2 percent in the day immediately after rising through a $1,000 barrier.

Other metals also show signi�cant predictability of price movements after passing through

a psychological price level. The �nal bene�t of the study is of a more general nature; the

demonstration that the behavioral biases shown to be present in equity markets, and more

recently in other professionally-traded markets such as oil, gold, and foreign exchange, are

also a feature of the non-ferrous metals markets. This provides a justi�cation for further

investigation of behavioral biases in these markets.

The remainder of the paper is structured as follows. In Section 2 the prior research on

non-ferrous metals pricing is reviewed. Section 3 provides an overview of the price clustering

and psychological barriers literature and relates this to the non-ferrous metals markets. The
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data and methodology is discussed in Section 4, while the empirical �ndings are presented

and analyzed in Section 5. Section 6 concludes and provides some potential direction for

further research.

2 Non-Ferrous Metals Prices

Watkins and McAleer (2004) provide a comprehensive meta-analysis of research on non-

ferrous metals prices published between 1980 and 2002. One of the striking notes from their

analysis is how limited the study of non-ferrous metals prices is, with just 45 papers identi�ed

over the entire period. Key topics for the extant research focused on market e�ciency, risk

premia, and volatility, with explanatory models generally using either macroeconomic, in-

dustrial, or �nancial variables to understand price dynamics. The London Metals Exchange

(LME) is the primary data source utilized in prior research and studies are commonly re-

stricted to the seven main industrially-used non-ferrous metals (the 'base metals'), namely;

aluminium, aluminium alloy, copper, lead, nickel, tin, and zinc. While silver is sometimes in-

cluded, it is primarily classi�ed as a precious metals despite also having signi�cant industrial

uses. Copper is the most widely studied, being generally regarded as the most competitive

market due to low industry concentration of suppliers and consumers.

Todorova, Worthington, and Sou£ek (2014) analyze volatility spillovers between alu-

minium, copper, lead, zinc, and nickel LME futures for 2006 to 2012 and �nd strong ev-

idence of such spillovers, especially post the �nancial crisis period, thus providing a rationale

for analyzing the metals together. One explanation o�ered for these spillover e�ects is the

industrial interrelationships between the metals, for example between aluminium and nickel

for the automobile industry, and copper and lead for the electronics and electrical sector.
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Long-term pricing studies of metals also show an increased interrelationship between met-

als prices and other �nancial markets over time. Cochran et al (2012) �nd stronger evidence

of a relationship between copper and equity market volatility post the 2008 �nancial cri-

sis. Buncic and Moretto (2014) provide comprehensive additional support for this increased

inter-relationship between copper and equity market volatility, and attribute this, in part,

to a general increase in �nancialization across all �nancial markets. The �nancialization

hypothesis, where the increased presence of �nancial market actors (as opposed to industrial

actors) leads to increased speculation in markets, has also been noted in other professionally

traded markets such as oil (e.g. Tokic, 2011). One example of this in non-ferrous metals is

their increased use as collateral in the Chinese shadow banking sector (Tang and Zhu, 2014).

Despite the preponderance of studies applying theories based on investor psychology

to understanding equity market pricing (e.g. see the comprehensive reviews contained in

Hirshleifer, 2001; 2014), there is no investigation of this area in metals markets. The afore-

mentioned Watkins and McAleer (2004) meta-analysis could �nd no behavioral-based in-

vestigations of metals prices. A longstanding argument against the application of investor

psychology in professionally traded markets is due to the absence of small investors who are

presumed to drive noise trading in equity markets . However studies have increasingly noted

that professional traders can also be a�ected by similar behavioral biases. For example,

Coval and Shumway (2005) �nds Chicago Board of Trade traders to be in�uenced by loss

aversion in their trading, while O'Connell and Teo (2009) �nd professional currency traders

to be a�ected by overcon�dence.

Pierdzioch, Rülke, and Stadtmann (2013) do �nd that market analysts for a number of

the non-ferrous metals show the same behaviorally-driven forecasting errors as seen in other

�nancial markets, but no study of the impact on market prices is attempted. No other
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study could be located that investigates a psychology-based explanation for trading in these

markets. The closest research in the area is Coakley, Dollery, and Kellard (2011) who �nd

evidence of long-term memory in copper pricing, which they argue could be consistent with

noise trader risk being priced in copper, although they do not elaborate on this. Also, an

attempt by Heaney (2006) to explain copper, lead and zinc prices through either inventory

levels or a convenience yield, �nds that while these rational approaches are useful �there is

still some way to go in fully explaining commodity prices� (p. 392). Thus, there is a sig-

ni�cant unknown element to price dynamics in the non-ferrous metals markets, which when

combined with the evidence of psychological in�uences on traders in other professionally

traded markets, suggests that behavioral theories of trading might contribute to improved

understanding of how base metals markets are priced.

3 Clustering and Psychological Barriers

If markets are e�cient then, all things being equal and abstracting from trends and drift,

prices should evolve in a manner where the likelihood of any given change is approximately

equal. This would in turn result in there being no systemic clusters of prices or psycho-

logical price barriers. Price clustering derives from the early work of Osborne (1962) and

Niederho�er (1965) and has since evolved to two distinct threads; clustering per se, and the

existence of psychological price barriers. Price clustering is the phenomenon of prices show-

ing an excessive frequency of certain digits, while psychological barriers research is concerned

with price behavior around certain price points (Mitchell, 2001). The latter area is generally

perceived as more important for markets due to its trading implications.

Price clustering has been widely found across �nancial markets. In equity markets,
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prices have been shown to cluster around psychologically prominent ending digits (5 and 0)

even after controlling for market microstructure issues (Ikenberry and Weston, 2008), while

Bhattacharya, Holden, and Jacobsen (2012) relate this equity price clustering to trader

behavior. Bharati, Crain and Kaminski (2012), and Narayan, Narayan, and Popp (2011)

�nd price clustering in oil futures, with Bharati et al. (2012) connecting the clustering to

trader reaction to the potential for market intervention by oil producers. Aggarwal and

Lucey (2007) �nd clustering to be related to whole $100 levels for gold prices.

Most research on psychological barriers has concentrated on equity markets (e.g. Don-

aldson and Kim, 1993; Sonnemans, 2006; Dor�eitner and Klein, 2009), however the existence

of these barriers has also been detected in a number of markets primarily traded by pro-

fessional traders, including foreign exchange (Mitchell and Izan, 2006), gold (Aggarwal and

Lucey, 2007), and oil (Dowling et al, 2014). For example, Dowling et al. (2014) argue that

whole $10 price points are psychologically important in oil futures markets and show anoma-

lous trading behaviour around these prices, with Brent futures showing price retrenchment

subsequent to breaching a $10 barrier through rising prices.

One interesting feature of this literature, not previously elaborated upon in prior research,

is that for some markets there is clustering around certain digits and evidence of psychological

barrier price levels, while for other markets clustering is perhaps better described as anti-

clustering, with prices around key levels and certain digits showing a lower frequency. Thus,

Dowling et al. (2014) �nd greater frequency of prices around psychologically important oil

price levels, while Aggarwal and Lucey (2007) �nd lower frequency for gold prices. Donaldson

and Kim (1993) �nd lower frequency around psychologically important Dow Jones Industrial

Average price points, while Mitchell and Izan (2006) �nd some elevated frequency around

psychological barrier levels in foreign exchange markets. One distinction that can be drawn

8



between the oil and foreign exchange markets compared to the gold and equities markets

is that there is greater potential for intervention by powerful players in the oil and foreign

exchange markets (e.g. by OPEC producers in the oil market and national governments in

currency markets). This is less of a likelihood in the equity and gold markets. Thus, there

might be di�erential e�ects in markets dependent on the particular characteristics of that

market. In supporting related-market research, Batten, Ciner, and Lucey (2010) note the

individual macroeconomic drivers of gold, silver, platinum, and palladium pricing, in their

analysis of precious metals markets, despite these markets commonly being grouped together.

This is something which we observe in our subsequent metals markets investigations.

4 Data and Methodology

The testing approach is adapted from Dowling et al. (2014) and Aggarwal and Lucey (2007)

and focuses on the presence of price clustering and psychological barriers in the prices of

non-ferrous metals traded on the London Metal Exchange (LME). The seven non-ferrous

metals selected match those of Watkins and McAleer (2006); aluminium, aluminium alloy,

copper, lead, nickel, tin, and zinc; and consist of daily cash contract prices from 03 December

1993 to 05 December 2013. Table 1 provides descriptive statistics for the seven metal price

series and prices over time are charted in Figure 1. In general the series show a low price

variability from 1993 to 2003, followed by a strong price build-up peaking around 2007

driven by emerging markets demand, and a subsequent fall back in prices (although there

are di�erences in price trends across the metals). To di�erentiate between these two market

periods we further test our sample over two subperiods: (i) an early period of December

1993 to November 2003, and (ii) a more recent period of December 2003 to December 2013.
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Figure 1: Metals Time Series
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Sample Period: 03 Dec 1993 - 05 Dec 2013

Copper Alum Nickel Zinc Lead Tin Alum Alloy

Mean 4166.59 1816.13 13608.53 1532.94 1180.54 10613.39 1637.50

Std Dev 2668.42 461.62 8840.92 768.09 798.97 7123.47 427.87

Skew 0.60 0.87 1.54 1.46 0.91 1.08 0.62

Kurt 1.72 2.84 5.78 4.84 2.68 2.91 2.33

Max 10179.50 3271.25 54050.00 4603.00 3989.00 33265.00 2940.00

Min 1318.25 1057.20 3730.50 722.75 400.75 3601.00 925.00

Table 1: Data Descriptive Statistics

Price clustering analysis consists of barrier proximity and barrier kurtosis tests. Barrier

proximity tests are designed to measure whether or not price observations on, or near,

barriers occur signi�cantly more frequently than a uniform distribution would predict. In

general, these tests examine the shape of the frequency distribution for various price digit

combinations. The tests of this paper examine the presence of $100 and $1,000 psychological

barriers. $100 barrier tests examine the two digits to the immediate left of the decimal point

(i.e. -,-XX.-), and the $1,000 barrier tests examine the two digits to the left of the digit to the

immediate left of the decimal point (i.e. -,XX-.-). Speci�cally three di�erent barrier region

ranges are tested: barrier level ±2, barrier level ±5, and barrier level ±10; corresponding, for

the $100 barrier level, to $98-$102, $95-$105, and $90-$110, and the equivalent range for the

$1,000 barrier level. Given the literature noted in Section 3 on di�erences between markets

as to whether there is higher or lower frequency within a barrier region, no �rm hypothesis

is formed as to whether high or low barrier region frequency will emerge from this clustering

analysis, although there is a partial expectation that there will be predominantly negative

clustering due to the prior gold market �ndings of Aggarwal and Lucey (2007). Thus, for

the $100 barrier region there is an expectation of lower frequency of price digits ending in

numbers close to $100.
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The barrier proximity tests examine whether there is abnormal frequency in digits around

the barrier level, while barrier kurtosis tests go a step further and also allow for a detection of

signi�cant abnormal frequency distributions in the barrier region. Barrier kurtosis tests are

considered a more robust investigation of the presence of price clustering (Mitchell, 2001). To

formally elaborate on the testing;M is de�ned to be the full range of digits {0, . . . , 99} . Three

barrier ranges are de�ned as follows: BR1 ≡ {98, 99, 00, 01, 02}, BR2 ≡ {95, . . . , 00, . . . , 05}

and BR3 ≡ {90, . . . , 00, . . . , 10}, all of which are centered on 00. A price within the de�ned

barrier range is represented by a dummy variable, Di,i = BR1, BR2, BR3, taking a value of

1 for digits in the barrier range and 0 otherwise, with the speci�c equation tested being:

f (M) = α + βDi + ε,

where f (M) is the absolute frequency of digits. Thus the barrier proximity tests are a test

of signi�cance of the dummy variable coe�cient. The null hypothesis is that β will be zero,

whereas the presence of psychological barriers will result in either lower or higher frequency

of M-values at the barrier; for negative clustering β will be negative and signi�cant, with

the opposite for positive clustering.

The barrier kurtosis tests examine whether there is a signi�cantly di�erent frequency

distribution shape around the barrier points and takes the testing form:

f (M) = α + ϕM + γM2 + ε,

with the frequency of the M-digits being regressed on both their values and the square of their

values. The null of no abnormal frequency distribution in the barrier region is determined

by the coe�cient of γ being zero, while clustering will be shown by a signi�cant positive
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coe�cient and anti-clustering (below expected frequency of M-digits in the barrier range)

will be represented by a signi�cant negative coe�cient.

The price clustering analysis provides an initial investigation of the presence of behavioral

in�uences on metals prices, but lacks a trading implication. Following the clustering analysis,

trading around psychological barriers is tested in order to determine if there is a di�erential

reaction to barriers dependent on the conditions related to the psychological barrier. First,

barriers are di�erentiated based on whether they are approached through rising or falling

prices (from above or below), and, conditional on this, price direction following a barrier being

breached from above or below is analyzed. The main tests are OLS regressions with dummy

variables based on whether barriers are (i) being approached or (ii) after being breached, and

also whether a barrier is reached through rising or falling prices. This necessitates setting

up the following four dummy variables:

• BDBn, which assigns 1 to the n days before a downward breach, i.e. the period before

a barrier breach from above due to downward or falling prices;

• ADBn, which assigns 1 to the n days after a downward breach, i.e.the period following

a barrier breach from above due to downward or falling prices;

• BUBn, which assigns 1 to the n days before an upward breach, i.e. the period before

a barrier breach from below due to upward or rising prices;

• AUBn, which assigns 1 to the n days after an upward breach, i.e. the period after a

barrier breach from below due to upward or rising prices.

These dummy variables are regressed against returns in order to determine whether the

periods covered by each dummy are associated with anomalous behaviour. Speci�cally, the

following regression model is considered:
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Rt = β0 + β1Rt−1 + β2BDB
n
t + β3ADB

n
t + β4BUB

n
t + β5AUB

n
t + εt.

To test the speed of market reaction to barrier breaches, a range of reaction windows of

size n days are tested. Speci�cally, reaction windows of n = 1, 2, 3, 4, 5 and 10 days are

used, which allows an assessment of the speed of market reaction over and up to the week

before and the week after a barrier breach but also, for comparative purposes, over a longer

two-week period before and after a barrier breach. As we de�ne a barrier breach to be any

price reached above or below a given barrier level, the reaction windows we consider allow

us to implicitly take account of false barrier breaches as we look to ascertain if patterns in

price behaviour exist subsequent to barrier breaches. Of particular trading interest are the

ADBn and AUBn dummy variables, as these allow a determination of whether breaching a

barrier is followed by continued directional momentum or price retrenchment.

A robustness check is also carried out to control for the multiple hypothesis testing nature

of the investigation. The clustering and conditional e�ect tests outlined above involve a

total of 1,134 separate coe�cient tests. This leads to a potential multiple comparisons

problem where there is a possibility of identifying what appear to be statistically signi�cant

coe�cients by chance alone, due to so many tests being performed simultaneously. This

possibility, akin to data mining albeit inadvertent, is frequently ignored in this area of

research and has been a common criticism of behavioral �nance research (e.g. Fama, 1998;

Sullivan et al., 2001), and has recently been raised as a criticism of most asset pricing

models (Harvey et al., 2014). Romano et al. (2010) provide a comprehensive exposition

of the issue. A number of generalised techniques have been suggested to minimize the
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generalised familywise error rate, i.e. the probability of making k ≥ 1 false discoveries from

a family of s simultaneous hypothesis tests (Romano et al. (2010) and this study opts for the

stepwise generalized Bonferroni procedure (for previous applications of this procedure see

Cummins, 2013; Dowling et al., 2014). In this approach the signi�cance level is adjusted such

that a hypothesis H0,i, i = 1, . . . , s, is deemed rejected if and only if the associated p-value

p(i) ≤ α(i) ≡ k · α/s, where s is the total number of tests (in this study's case there are 1134

tests across all the barrier proximity, kurtosis, and conditional e�ects tests), k is the number

of false discoveries that is sought to be controlled for, and α is the signi�cance level. In

this set up, the generalised Bonferroni ensures that the P (k or more false discoveries) ≤ α.

Following Dowling et al. (2014), k is set at 5 percent of the total number of tests, rounded

up, (i.e. k = 57 u 5% × 1134), and a signi�cance level of α = 10% is applied to this. This

leads to a generalised Bonferroni corrected cut-o� value of 0.00503. In the reported �ndings

in the next section any coe�cients that are signi�cant under traditional 1%, 5%, and 10%

levels are bolded in the tables, while any coe�cients where the p-value is lower than the

generalised Bonferroni corrected cut-o� value of 0.00503 are additionally underlined. The

main attention is placed on the latter coe�cients due to their enhanced control for the

possibility of chance �ndings.

5 Empirical Results

Figures 2-3 present radar charts of the digit frequency distributions for the various metals

based on the appropriate digit positions corresponding to the $100 and $1000 barrier tests

as discussed in the previous section. It is quite clear from the plots that the frequency

distributions do not conform to the uniform distribution. So informally it would appear
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that price clustering may be a feature. The �ndings from the formal price clustering tests;

barrier proximity and barrier kurtosis tests, are contained in Tables 2 and 3. Examining

the barrier proximity tests �rst, there is some evidence of clustering based on these tests.

There appears to be very little clustering around $100 barriers, with only lead showing

signi�cant clustering in the BR3 ≡ {90, . . . , 00, . . . , 10}barrier range. The lack of �ndings

for $100 barriers suggests this is not an important barrier level, a perhaps unsurprising

�nding particularly for copper, nickel, tin, given the price ranges these metals traded at over

the time period (e.g. copper trades between $1,318.25 and $10,179.50; nickel $3,730.50 to

$54,050.00; tin $3,601.00 to $33,265.00). For metals with these price ranges it is di�cult

to see how crossing a $100 barrier level would mark a signi�cant market or psychological

barrier event. Aluminium, zinc, lead, and aluminium alloy do trade within a narrower range

and thus crossing a $100 barrier might possibly be considered an important psychological

barrier event for these metals, however, as mentioned, only lead shows evidence of clustering

at this price level.

The evidence for clustering in the $1,000 barrier level is much stronger. Zinc shows

strong positive clustering in all three speci�cations of the barrier region around $1,000.

For example, zinc has a coe�cient of 97.126 for BR1 ≡ {98, 99, 00, 01, 02}which can be

interpreted as showing that the frequency of prices occurring between $980 and $1,020 is

higher by 97 observations than the expected frequency level. Copper, aluminium, tin, and

aluminium alloy, also show signi�cant evidence of abnormal price frequency in the barrier

levels, however these series show negative-clustering in contrast to zinc. This means there

is a signi�cantly lower frequency of prices in the barrier regions compared to other price

ranges and compared to the frequency expectation. Of these �ndings, aluminium, zinc, and

aluminium alloy are robust to the generalized Bonferroni correction. Overall these �ndings
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-,-XX.� represents the two digits to the immediate left of the decimal point, as required for the $100 barrier
tests.

Figure 2: Radar Charts of Digit Frequency Distributions: Digit Positions -,-XX.�

-,XX-.� represents the two digits to the left of the digit to the immediate left of the decimal point, as required
for the $1,000 barrier tests.

Figure 3: Radar Charts of Digit Frequency Distributions: Digit Positions -,XX-.�

17



BR1 BR2 BR3

β (p-value) β (p-value) β (p-value)

$100 Barriers

Copper 0.705 (0.844) -1.944 (0.435) -0.020 (0.992)

Alum 1.126 (0.734) 2.755 (0.232) 1.125 (0.526)

Nickel 9.337 (0.484) 4.900 (0.599) 3.717 (0.603)

Zinc -1.611 (0.637) 0.303 (0.899) 0.281 (0.878)

Lead 3.442 (0.293) 3.572 (0.116) 3.778 (0.030)

Tin 5.547 (0.742) 5.308 (0.651) 3.597 (0.690)

Alum Alloy -9.611 (0.111) -4.191 (0.320) -2.491 (0.442)

$1,000 Barriers

Copper -8.979 (0.244) -5.008 (0.351) -9.242 (0.024)

Alum -23.295 (0.030) -26.356 (0.000) -27.747 (0.000)

Nickel -1.611 (0.635) -3.067 (0.192) 0.281 (0.877)

Zinc 97.126 (0.000) 82.734 (0.000) 60.679 (0.000)

Lead 9.547 (0.589) -0.412 (0.973) -9.061 (0.337)

Tin -7.084 (0.090) -6.336 (0.029) -4.661 (0.036)

Alum Alloy -28.979 (0.032) -29.012 (0.002) -30.580 (0.000)
Barrier proximity test is f (M) = α+ βDi + ε, where f(M) is the absolute frequency of digits. M is the set of all digits

{0, . . . , 99} . Three barrier ranges are de�ned as follows: BR1 ≡ {98, 99, 00, 01, 02}, BR2 ≡ {95, . . . , 00, . . . , 05} and

BR3 ≡ {90, . . . , 00, . . . , 10}, all of which are centred on 00. Each of the de�ned barriers is then represented by a dummy

variable, Di,i = 1, 2, 3, taking a value of 1 for digits in the barrier range and 0 otherwise. For the $100 barriers we are

concerned with the two digits to the immediate left of the decimal point (-,-xx.�) and for the $1,000 barriers we are concerned

with the second and third digits to the left of the decimal point (-,xx-.�). Under the null of no barriers β will be zero, whereas

the presence of barriers will result in a higher frequency of M-values at the barrier and thus β will be positive and signi�cant.

Results signi�cant at the traditional 1%, 5% and 10% signi�cance levels are bolded for emphasis, while results signi�cant

under the more statistically robust generalised Bonferroni multiple comparisons correction (p-value < 0.00503; see Section 4)

are underlined.

Table 2: Barrier Proximity Tests
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γ (p-value) γ (p-value)

$100 Barriers $1,000 Barriers

Copper -0.001 (0.236) -0.007 (0.000)

Alum 0.001 (0.403) -0.022 (0.000)

Nickel 0.000 (0.972) 0.000 (0.914)

Zinc -0.001 (0.297) 0.042 (0.000)

Lead 0.003 (0.001) -0.017 (0.001)

Tin 0.000 (0.934) -0.001 (0.435)

Alum Alloy -0.002 (0.174) -0.013 (0.000)
Barrier kurtosis test is f (M) = α+ ϕM + γM2 + ε, where f(M) is the absolute frequency of digits. M is the set of all digits

{0, . . . , 99} . For the $100 barriers we are concerned with the two digits to the immediate left of the decimal point (-,-xx.�) and

for the $1,000 barriers we are concerned with the second and third digits to the left of the decimal point (-,xx-.�). If there is

no abnormal distribution shape around barrier points then the coe�cient of γ should have a value of 0, while the presence of

an abnormal barriers shape would be suggested by a signi�cant negative coe�cient and clustering would be shown in a

signi�cant positive coe�cient. Results signi�cant at the traditional 1%, 5% and 10% signi�cance levels are bolded for

emphasis, while results signi�cant under the more statistically robust generalised Bonferroni multiple comparisons correction

(p-value < 0.00507; see Section 4) are underlined.

Table 3: Barrier Kurtosis Tests

are supportive of clustering in non-ferrous metals being similar to the negative clustering

found by Aggarwal and Lucey (2007) in gold markets.

The barrier kurtosis tests in Table 3 test for signi�cant abnormal frequency distributions

in the metals pricing series. The tests show that, once again, the $100 barrier level is not

an important psychological barrier region with the exception of lead, but for the $1,000

barrier tests there is even stronger evidence of clustering under these more robust tests.

Five of the seven series show evidence of clustering in the frequency distributions for the

$1,000 level, with zinc showing positive clustering around psychological barrier regions, and

copper, aluminium, lead, and aluminium alloy showing negative clustering. Importantly, all

the �ndings are robust to generalised Bonferroni corrections to the p-values.

The price clustering analysis provides an initial investigation of the presence of behavioral

in�uences on metals prices, but lacks a trading implication. The conditional e�ects tests for
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the full sample reported in Tables 4-10 allow an investigation of how prices react conditional

on a barrier being breached. Barrier windows from one to ten days around a barrier breach are

reported. Of most interest from these results are the AUB and ADB variables as these report

price direction after an upward (AUB) or downward (ADB) breach of a barrier. Summarizing

the �ndings, once again it is seen that the $1,000 barrier breach is more relevant than the

$100 barrier, with the majority of signi�cant coe�cients following a barrier breach being for

the $1,000 level. All of the metals report at least one signi�cant coe�cient after a $1,000

barrier breach (24 coe�cients in total are signi�cant across the di�erent reaction windows for

each metal), with 42 percent of the signi�cant coe�cients being after a downward breach and

the remaining 58 percent after an upward breach. 63 percent of signi�cant price reactions

are in the �rst three days, and 92 percent in the �rst week. The general lack of signi�cance

for the two week window suggests that this is too long a time period to capture the temporal

impact of a psychological barrier event.

When coe�cients are con�ned to just those that are signi�cant and robust to the gener-

alized Bonferroni correction, only lead, zinc, and aluminium alloy remain to show signi�cant

price reactions, and only six coe�cients for AUB and ADB meet this criteria, showing the

importance of the correction technique in preventing any overstatement of the �ndings. With

this robustness �lter price movements after an upward breach of a barrier are shown to be

a stronger trend compared to after downward breaches, with �ve of the six signi�cant coef-

�cients being for upward breaches, and lead, zinc, and aluminium alloy each having at least

one signi�cant reaction window after such an upward breach.

Turning attention now to the �ndings for the individual metals, it is noted �rst for alu-

minium alloy in Table 10 that there is just one generalised Bonferroni signi�cant coe�cient;

for the day immediately after an upward breach of a $1,000 barrier. This shows that on
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average there is a 1.2 percent price retrenchment after such a breach, clearly an economi-

cally signi�cant event. In contrast, both lead and zinc demonstrate price momentum after

an upward breach, with each showing signi�cantly positive coe�cients. The only signi�cant

coe�cient for after a downward breach of the $1,000 level is for lead, where the 10-day

window shows price retrenchment after a breach.

Expanding the analysis thus far, the subperiods tests reported in Tables 11-17 con�ne

testing to just the 1-day, 2-day, and 3-day windows, which were shown to be most important

in the overall psychological barrier tests. One overall �nding is that $1,000 barriers appear

to be most important in the most recent subperiod, and $100 were more important in the

earlier subperiod. For example, 85 percent (11 of 13) of signi�cant $1,000 barrier coe�cients

are in the second period from December 2003 to December 2013. This was a time in the

market when there was signi�cant price moves upwards and downwards through $1,000 levels

for many of the metals. There are signi�cant barrier coe�cients for �ve of the seven metals

in this subperiod, but only for two metals in the earliest subperiod. However, the strength

of the �ndings is weaker in the subperiods analysis compared to the overall analysis, as only

aluminum alloy is signi�cant under the generalized Bonferroni correction. The $100 barriers,

which were largely absent in the overall analysis, are more prominent in the subperiods

analysis. There are now 14 signi�cant barrier coe�cients for $100 across the seven metals

and three di�erent day ranges. Five of the seven metals show signi�cant barriers in the

early subperiod, and three in the most recent subperiod. Three of the metals have barrier

coe�cient p-values that are robust to the generalised Bonferroni correction: aluminium

and tin in the �rst subperiod, and copper in the second subperiod, with all showing price

retrenchment after passing through a $100 barrier through rising prices.

Overall, the particularly interesting feature of the subperiods �ndings is how the impor-
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tance of particular barriers appears to shift depending on market price levels; with $100

barriers mattering more in the earlier low price range regimes and $1,000 barriers mattering

more in the most recent high price range regimes.

6 Conclusion

The absence of behavioral-based research in the non-ferrous metals markets is di�cult to

justify, given the increased reward from applying the theories of this research area to other

professionally-traded markets, such as oil, gold, and foreign exchange. This study represents

a �rst attempt to apply such a behavioral perspective to the non-ferrous metals markets.

With the application of a generalized Bonferroni correction to account for the multiple hy-

pothesis testing nature of the investigation, it can be concluded with statistical con�dence

that the non-ferrous metals markets are not immune to behavioral in�uence. Speci�cally,

there is evidence of price clustering before key psychological price points for �ve of the seven

non-ferrous metals studied. This usually takes the form of negative clustering (for copper,

aluminium, lead, and aluminium alloy), similar to previous �ndings in the gold markets by

Aggarwal and Lucey (2007), and indicating that there is a below-expected frequency distri-

bution in barrier regions around $1,000 price levels. Zinc, however, shows positive clustering

in barrier regions. For traders the general implication is that prices show a reluctance to

pass key psychological price regions.

It is further shown that prices tend towards a predictable directional movement once they

pass a psychological price barrier for a number of the metals. Aluminium alloy retrenches

on average by 1.2 percent in the day after rising through a $1,000 barrier. Lead and zinc

show price momentum in the days after rising through the same barrier level. In addition
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to the trading implications, this price predictability following a barrier breach represents a

clear violation of weak-form market e�ciency.

We also �nd that the relevant psychological barrier level appears to reference average

market prices. Thus, $100 barriers mattered in the early low price range subperiod analysis

from December 1993 to November 2003, while $1,000 mattered more in the most recent period

from December 2003 to December 2013. This �nding has implications for understanding

the relevant psychological barrier levels for a particular market. Quite why some metals

show di�erent clustering and reactions to barrier breaches is not obvious, and evidence

from other professionally traded markets suggests it might be due to institutional reasons

unique to a particular market. This is worthy of further investigation, especially as these

di�erences are also evident across other �nancial markets. More generally there is a need to

extend the testing toolkit of non-ferrous metals markets prices to incorporate the behavioral

principles that are bringing new understanding to pricing and trader decision making across

the spectrum of professionally traded markets.
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