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Lidiya Guryanova (Ukraine), Natalia Chernova (Ukraine)

METALS FUTURES MARKET: A
COMPARATIVE ANALYSIS OF INVESTMENT
AND ARBITRAGE STRATEGIES

Abstract

The article deals with the application of optimal portfolio theory and pair trading theory on the met-
als futures market. Advantages of the futures market over the spot market include relatively small
initial price, low transaction costs, and high volatility. The main aim of the study is to explore the po-
tential of both strategies for effective trading. The following financial instruments were chosen as the
inputs of the models: futures on industrial metals (aluminum, copper, nickel, zing, lead, tin), futures
on precious metals (gold and silver). When building the optimal portfolio, it was decided to include
Dow Jones Index futures and S&P Index futures among metals. This is because these instruments are
extremely volatile and may play the role of a hedge in the portfolio. A drawdown indicator was used
to assess the effectiveness of each strategy. The results show that both strategies can be applied on the
real-life market. The final choice will depend on the level of risk taking by investors and the desired
value of return.

metals market, futures, risk, return, optimal portfolio, pairs trading,
model, ratio, correlation, stationarity
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PUHOK ®’lOYEPCIB HA META/IM:
MOPIBHA/IbHUI AHA/II3 CTPATETIVA
IHBECTYBAHHS TA APBITPAXKY

AHoTaUiA

Y cTaTTi pO3IIAHYTO 3aCTOCYBAHHSA ONTIMA/IbHOI Teopii mopTdes Ta Teopii MapHOro TpeiiANHTy Ha
puHKY ¢’'rouepcis Ha metanu. [TepeBaru ¢’104epCHOTO PUHKY II€pef; CIIOTOBYMM PUHKOM BKJIIOYAIOTh
Bi[HOCHO HEBE/MKY II0YaTKOBY LliHY, HU3bKi TPaH3aKIIi/iHi BUTPATH, BUCOKY BONATU/IbHICTh. OCHOBHA
MeTa [OCT/PKeHHA - BMBYUTU MOXKIMBOCTI 3aCTOCYBaHHA 000X CTpaTeriil A 3abesledeHH:
edexTBHOI TOpriBi. B sikoCTi BXOAIB /1 Moperneit Oy oOpaHi HacTymHi piHaHCOBI iHCTpyMeHTH:
¢d’rouepcu Ha MpoOMMCIOBi MeTany (aMOMiHii, Mifib, HiKe/b, LINHK, CBUHELb, 0JI0BO), ¢’ r04epcn Ha
moporouinHi Metamu (3071010 i cpibno). ITpu mo6yoBi ontuManbHOro noprderns 6yn1o BupileHO
BKIIOuNTH ¢’1o4epcn Ha iHpexc Dow Jones Ta ¢’rouepcnu Ha inpexc S&P nopax 3 ¢’rodepcamu Ha
MeTanu. Lle MOB’s13aHO 3 TUM, 11O 1Ii IHCTPYMEHTH Ha3BIYAIHO BOTATI/IbHI 1 MOXXYTbh BUKOHYBATI
poib xemKy B noprdeni. [l oriHKu eheKTMBHOCTI KOXKHOI cTparerii 6YB BUKOPUCTAHMIT IIOKa3HUK
npocaaky. OTpuMaHi pe3y/nbTaTu CBidaThb Ipo Te, 110 00MABI cTparerii MOXXyTb OyTH 3aCTOCOBaHI
Ha peajbHOMY puHKy. OcratouHumit Bubip Oyme sanmeXxaTu Bif piBHsA IPUIHATTSA iHBeCTOpaMu
PM3UKY Ta 6aXKaHOTO 3HAYEHHS NPUOYTKY.

PVMHOK MeTasiB, (’'104epcu, pUsnuK, NpudyToK, OINTUMATbHAI
opT¢eb, TapHNiT TPEVHT, MOJe/b, KOe]illieHT, KopeALis,
CTalliOHapHICTb

C22, C58, Co1

KaouoBi c/10Ba

Knacudikauia JEL
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INTRODUCTION

In modern financial world derivative products play significant role on a par with spot ones. The derivatives
market continues to be the largest single segment of the financial market. In recent years the global derivatives
market performed march better than the global equity and bond markets combined. Historically, derivatives have
shown strong growth. Derivatives today demonstrate rather high levels of liquidity and are broadly used not only
as hedge instruments but also as objects of investments and arbitrage. The advantages of derivatives include a
relatively small, initial investment price and relatively low transaction costs. Derivatives are traded in one of two
ways: either OTC or on regulated markets, i.e. on exchanges. Exchange-traded derivatives are fully standardized.
The highest amounts of metals derivatives are traded on the New York Mercantile Exchange, the London Metal
Exchange and the Shanghai Futures Exchange.

When evaluating a derivative for tradability, the most important indicators to watch for are rate of return, volume
and open interest, notional value (Hull, 2012; Nijman & de Roon and Veld, 1996).

Rate of return shows the amount of value an investor earns from an asset over a specific period. It is calculated
as follows:

Current price — Initial price

@

Rate of return =
Initial price

Volume is the total number of futures contracts traded in a market. Open interest is the total number of open long

and short positions in a market The higher the volume and open interest, the more liquid a contract is. Notional

value is the total underlying amount of a derivatives trade. The notional value of derivative contracts is much

higher than the market value due to leverage.

Derivatives markets are usually divided on sections depending on the such classes of underlying asset as equity,
fixed-income instrument, commodity, currency and credit event. This research is devoted to the metal futures
subsection of the commodity market.

Figure 1 shows the average daily notional values for derivative contracts by major markets [4]. It should be noted
that the highest values were demonstrated by the interest rates section (6100 bln of dollars). But it was not drawn
on the figure because of the scale. Metals section has demonstrated 76 bln amount. It is the third after agriculture
and FX sections. Its notional value accounts for approximately 92% of agriculture section and almost equal to the
FX section. So the liquidity of the metals section is comparably high for obtaining profit.

Metal futures are usually classified on precious and non-precious groups. Precious metals are rare and can be
used in currencies or for industrial needs. The most common precious metals markets are gold, silver, platinum
and palladium. Non-precious group usually include aluminum, copper, lead, nickel, tin and zinc.

Figure 2 shows the daily volumes for top six metals futures on CME (CME Group, n.d.). The significant part of
volume is generated by precious group (81.77%), the last 18.23% accounted for base metals.

Daily volumes for top six metal futures on LME are presented on Figure 3 (CME Group, n.d.). Here we can see
that the absolute leaders are from the non-precious group.

Both Figure 2 and Figure 3 testify about rather high level of liquidity of the metals futures market. If you classify
deals with derivative products by the goal, agreements that aim to hedge your risk should first be mentioned.
However, due to the general growth of the futures market, derivatives are increasingly being used not only for
direct risk insurance but also for investment and arbitrage strategies. Investment deals aim to profit from the
difference between the opening price and the closing price. Arbitrage operations, unlike the first ones, are market-
neutral, because their outcome does not depend on the overall direction of the markets. Both strategies today are
broadly used on the spot metals markets. So because of the strong relationships between the spot market and the
futures market we assume the existence of trading opportunities on the last one.

http://dx.doi.org/10.21511/dm.17(4).2019.04 43
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Figure 1. Average daily notional value, October 2019 (in blns of dollars)
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Figure 2. Daily volume for top six metal futures on CME

To examine this hypothesis about metals futures market firstly we intend to apply the modern quantitative methods
and construct the model for choosing the optimal set of assets that should be included into the investing portfolio.
Secondly, we will test the possibilities of applying mean reverting strategy for the given set of futures pairs. Lastly,
the results obtained on the first and the second steps should be compared to make the final conclusion about the
efficiency of investment and arbitrage strategies.

1. LITERATURE REVIEW

Let’s consider both mentioned above strategies. Investment strategy - a strategy for allocating capital among dif-
ferent categories to gain profit (Mangram, 2013; Markowitz, 1952; Vollmer, 2015; Sharpe, 1964; Tobin, 1969). The
strategy should take into account the investor’s risk tolerance as well as future needs for capital. Risk tolerance is
the amount of risk that an investor is able to handle. The rate of return information can be used to help the inves-
tor decide upon the types of investments to engage in and the level of risk to take on. This strategy can be applied
on the basis of so cold portfolio theory - the theory of investment management, based on statistical methods for
optimizing the portfolio structure according to the selected criterion for the ratio of profitability and risk.

44 http://dx.doi.org/10.21511/dm.17(4).2019.04
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Figure 3. Daily volume for top six metal futures on LME

Markowitz (1952) was the first who formulate the portfolio theory core principals. He offered a mathematical model
for the formation of an optimal portfolio of securities, and also gives methods for constructing such portfolios
under certain conditions. Instead of focusing on the risk of each individual asset, Markowitz demonstrated that
a diversified portfolio is less volatile than the total sum of its individual parts. While each asset itself might be
quite volatile, the volatility of the entire portfolio can actually be quite low. The problem is solved by quadratic
optimization methods. The only problem here is that these methods are applicable only for comparatively low
dimensional tasks.

While Markowitz suggested to form optimal portfolio of stocks only, Tobin (1969) later proposed to include risk-
free assets (government bonds) in the initial set of securities. In fact, his approach is macroeconomic, since in this
case the main object of study is the distribution of total capital into two forms: cash and non-cash.

The main result of capital asset pricing model (CAPM) was the establishment of a ratio between profitability and
asset risk for market equilibrium. It was postulated that risk of any asset consists of two parts — non-systematic
and systematic. When choosing an optimal portfolio investor should take into account only systematic or non-
diversifiable risk (Sharpe, 1964).

Arbitrage strategy is based on making profit from the price difference between two or more interrelated assets
(Do & Faft, 2010; Elliott & van der Hoek and Malcolm, 2005; Fernholz & Maguire, 2007; Gatev, Goetzmann &
Rouwenhorst, 2006; Stiibinger & Bredthauer, 2017; Vidyamurthy, 2004; Goncii & Akyildirim, 2016; Chen, Cui,
Gao & Leilei, 2018; Krauss, 2017). The essence of all arbitrage strategies is to search for price imbalances between
a group of interconnected financial instruments, and to conduct simultaneous trading operations in the direction
of eliminating these imbalances. The arbitrage can be deterministic or statistical. Deterministic arbitrage implies
that a fundamental connection between the instruments exists. Statistical arbitrage relies on just a statistical rela-
tionship between instruments, based usually solely on historical observations and back testing.

The core steps of arbitrage strategy are the following:

+ identifying the set of instruments, which are suitable for arbitrage;
o detecting the entry-exit points for the strategy.

http://dx.doi.org/10.21511/dm.17(4).2019.04 45
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These steps may be carried out by different algorithms. Gatev (2006) suggested the distance method for finding
arbitrage pairs. The distance here is calculated for normalized price series. Some authors suggest correlation
coefficient as distance measure.

Vidyamurthy (2004) suggested a co-integration approach. It is based on first estimates the linear relationship
between two series and then tests their spread for stationarity.

Specifying the entry-exit points for the strategy is usually based on calculating of spread variance. When the
spread deviates from the fair level (from the average), it is recommended to sell or buy the spread in the direction
of a fair statistical average.

2. AIMS

The main aim of this research is to analyze opportunities of applying investing and arbitrage trading strategies on
metals futures market. To achieve the aim, the following tasks will be solved:

« construct optimal Markowitz portfolio for a given set of futures;
o form suitable pairs of metals futures that allow to trade arbitrage strategy;
o compare the effectiveness of both mentioned types of trading strategies.

3. METHODS

The classical Markowitz (Markowitz, 1952; Vollmer, 2015) model takes into consideration the following basic
assumptions: investors are rational and seek to maximize the expected return; investors are risk averse so they
require a higher expected return to compensate for higher risk accepted; investors rely merely on expected returns
and variance to make investment decisions; investors cannot influence prices; risk is estimated as the standard
deviation of return.

Portfolio return is calculated as the weighted average sum of the returns of individual securities:
i
where w, - weight of the i-th instrument, r, - return of the i-th instrument.

Portfolio risk is calculated as following:

513 = z ‘/‘)12512 + z z Winé;gij s (3)

J#l

where 5i2 - risk of the i-th instrument, p;; - the correlation coefficient between the returns on instruments i and j.

In order to form a portfolio, it is necessary to solve the optimization problem that can be presented in the following
two forms.

Problem 1 - finding shares in a portfolio to achieve maximum efficiency at a given level of risk 5,12 orm

z w7, — max,
PACED VD RIATL IV T @
; i J#

ZWizl, w, 2 0.
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Problem 2 - finding shares in a portfolio to achieve minimum risk at a given level of portfolio return 7, :

Z wo? + Z Z ww,;5,0,p, — min, (5)
i i i
wa’? e Zwi =1, w, 2 0.

The model allows to obtain the so-cold efficient frontier - a set of portfolios that give us the highest return for the

lowest possible risk.

Pair trading algorithm includes the following steps (Elliott & van der Hoek and Malcolm, 2005; Gatev, Goetzmann
& Rouwenhorst, 2006; Krauss, 2017):

Step 1. Detecting pairs for trading.

In this study, the decision on pairs structure is made based on the analysis of the correlations matrix. We will take
into consideration those pairs for which the appropriate correlation coefficient accedes 0.9.

Step 2. Spread or ratio calculation.

Spread is calculated as a difference between two prices, and the ratio is obtained when you divide one price into
another. Here we will calculate the ratios.

Step 3. Determining the threshold values of the ratio.

After the ratio is calculated, it is necessary to determine the optimal value of the deviation at which it will be
bought or sold. In this case, if you choose too small values, it is possible to obtain a substantial drawdown of
capital and a small profit, and if too large, the number of transactions can be reduced significantly.

Step 4. Determining performance indicators for a strategy.

There are such popular indicators for assessing a strategy as net profit, profit factor, authentic profit factor, percent
profitable, average trade net profit, maximum drawdown. We will use the last one - maximum drawdown
indicator. It measures the drop from peak to bottom in the value of a portfolio (before a new peak is achieved)
and is calculated as follows:

o when the ratio is being bought:

co— I .
Drawdown = Open_price — Lowest value_before deal is_closed .

Open_price
o when the ratio is being sold:

Drawdown = Highest value before deal is closed — Open _price.

Open_price

Drawdown indicator will help us to compare the historical risk of different strategies.

4. RESULTS AND DISCUSSION

Let’s consider the models application for the following financial instruments: futures on industrial metals (aluminum,
copper, nickel, zinc, lead, tin) and futures on precious metals (gold and silver). When constructing the optimal
Markowitz portfolio, we will include Dow Jones Index futures (INDU index) and S&P Index futures (SPX Index)
among with metals. This is due to the fact that these instruments are extremely volatile and may play the role of
hedge in the portfolio. Input data are the daily series of close prices for time period 1997-2019 (CME Group, n.d.).

http://dx.doi.org/10.21511/dm.17(4).2019.04 47
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Table 1 demonstrates pair correlation coefficients for researched assets.

Table 1. Correlation coefficients

Source: Developed by the authors based on the [2].

ialuminumicopperi nickel zinc lead tin Ilrr;lc?eli Iﬁgt)a(x silver gold

aluminum ¢ 100 i -t e e S N SRR NS NS
copper i 080 . . 1.00 e S SR S S S S N
nickel i 086 . . 072 . L S S NS W S S N,
zne 0.77 i 0.79 . .. 089 00 e e e T
lead 1 069 . 092 . 0.82 07T 00 Tt
tin .05 09 . 047 - 063 1 080 o 100 T
INDU Index = 020 . 045 006 . 061 = 058 = 088 100 - T
SPXIndex . 014 . 03 . 001 ~ 058 082 . 052 099 . 100 - .
silver 054 . o8 . 047 ~ O51 ~ O78 0% 03 028 100 . -
gold © 042 | 084 | 035 = 058 . 084 . 093 : 061 . 054 : 091 : 1.00

According to the Table 1 there are not strong relationships between index futures and metals futures. From the
other hand, interrelations between non-precious metals are rather high - the majority of the coefficients accede
0.75.

Figure 4 shows the relations between average levels of risk and return for all assets. It can be seen that there are
approximately three asset groups. Aluminum, gold, SPX index and INDU index form the first group with the
lowest levels of risk. Nickel is the second asset with the highest return and it has the highest risk. It forms the
second group. The others may be positioned into the third group with middle level of risk and rather high return.

So, the initial set of derivatives are from different asset classes (precious metals, non-precious metals and equity
indexes), their time series have demonstrated different levels of risk and return and low correlations between
classes. That is why there are fundamental and statistical grounding to include them into initial portfolio.

The resulting ten portfolios are presented in the Table 2. Figure 5 shows the efficient frontier for obtained set of
portfolios.

® nickel
copper ® silver
= . ® |lead
= @ zZinc
°
® tin
® aluminum SPX Index gold
o@
INDU Index
0 0,002 0,004 0,006 0,008 0,01
return

Source: Developed by the authors based on the [2].

Figure 4. Average risk and return
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Table 2. Portfolio members, risk and return

Source: Developed by the authors.

Instrument Portfolio

. P4 ¢+ P2 ¢ P3 : P4 : P5 : P6 : P7T : P8 : P9 : P10
aluminum . 0.0864 : 0.0213 : 0.0000 : 0.0000 @ 0.0000 : 0.0000 @ 0.0000 : 0.0000 : 0.0000 : 0.0000
nickel 0.0000 = 0.0000 - 00000 00283 = 00583 = 00864 . 01127 = 01344 = 01560  0.0000
lead 0.0000 = 00168 = 00892 = 01655 = 02073 = 02466 & 0.2808 = 03022 = 03235  0.0000
tn 00242 = 00410 = 00328 00081 = 00000 = 0.0000 . 0.0000 = 00000 = 00000  0.0000
INDU Index 04864 . 05055 = 04090 = 02724 = 04725 = 00720 . 0.0000 . 0.0000 = 00000  0.0000
SPX Index 00104 = 0.0000 - 00000 = 00000 = 00000 = 0.0000 . 0.000 = 0.0000 = 00000  0.0000
siiver 0.0000 = 0.0000 . 00000 00000 = 00536 = 04123 . 01976 = 0.3501 = 05026  1.0000
god 03925 = 04155 = 04690 05257 = 05082 = 04826 & 0.4089 = 02133 = 0.0178  0.0000
sk 00311 00313 = 00323 00355 00400 = 0.0453 . 00511 = 00579 = 00658  0.0860
return . 0.0056 = 0.0060 00063 = 0.0067 = 00070 = 0.0073 00077 = 0.0080 = 0.0084 . 0.0087

For P1 portfolio risk equals 0.0311 and return is 0.0056. Its core participants are INDU Index (48.64%) and gold
(39.25%). The remaining 12.11% are occupied by aluminum, tin and SPX Index. In two subsequent portfolios
with a higher risk level we can see the decline in the share of aluminum (from 8.64% to 0%) and SPX Index (from
1.04% to 0%). Simultaneously the lead has become the participant of the portfolio, the other assets have shown the
increase in its share. P4 portfolio is characterized by the highest share of gold (52.57%).

According to Figure 6, the total share of both gold and INDU Index futures accedes 55% for the first six portfolios.
It is falling rapidly beginning from the seventh portfolio, partially due to the absence of index futures in portfolios
P7-P10. Gold is present in all portfolios except P10. When its share decrease it is partly replaced by silver. The
share of nickel and lead grow with the increase in total portfolio risk.

Two assets haven’t appeared in any portfolio. They are copper and zinc.

There is a point on the efficient frontier that has the maximum value of the Sharpe ratio. Its coordinates are
(risk=0.0319; return=0.0063). The appropriate portfolio consists of lead (7.29%), tin (3.60%), INDU Index (43.37%)
and gold (45.73%). The maximum drawdown for this portfolio equals 34%.

0,009

0,0085 =
0,008 |

0,0075

0,007 |

return

0,0065
0,006 W
0,0055

0,005
0,03 0,04 0,05 0,06 0,07 0,08 0,09

risk

Source: Developed by the authors.

Figure 5. Efficient frontier
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Figure 6. Total share of gold and INDU Index

Let’s consider the results of constructing the optimal portfolio that consists of copper, zinc, INDU Index and SPX
Index. In this portfolio the core participants are copper and INDU Index. Their common share fluctuates from
67% to 100%. Zink and SPX Index are included only in two out of ten portfolios.

Figure 7 shows two eflicient frontiers for the last portfolio (“copper_zink”) and portfolio that consists of all assets
(“full”). “Copper_zink” line lies lower and to the left, so it’s risks are higher and its returns are less than the
appropriate values for “full” portfolio.

0,009
0,0085
0,008
0,0075
0,007
0,0065

return

—@— copper_zink
0,006
—0— full
0,0055
0,005

0,0045

0,004
0,03 0,04 0,05 0,06 0,07 0,08 0,09

risk

Source: Developed by the authors.

Figure 7. Efficient frontiers for two portfolio sets
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The maximum Sharp ratio among the “copper_zink” portfolios equals 0.13 (risk = 0.0413; return=0.0055). The
portfolio consists of copper (16.67%), INDU Index (82.15%) and SPX Index (1.18%). The maximum drawdown for
“copper_zink” portfolio equals 45%.

So, according to the values of sharp ratio and drawdown, the “full” portfolio should be chosen.
Let’s consider the results obtained for pair trading strategy.

According to the correlation matrix (see Table 1), the initial set of pairs was formed. It includes only pairs
for which correlation coefficient accedes or equals 0.9. All such pairs are listed in Table 3.

Table 3. List of pairs

Source: Developed by the authors.

Asset 1 Asset 2 Correlation coefficient
tin 0.93
|ead ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
s.|ver ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
tm ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, oo
tm ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o5
tm S s

The appropriate ratios are shown on the Figure 8. Analyzing ratios’ dynamics, it is possible to assume that those
ratios may be traded within mean reverting strategy.

Those ratios were tested on stationarity. The results of augmented Dickey-Fuller test are presented in the Table
4 and Table 5.

QO BN WS

; j'\(”» Mwwmk\a

o

-2
-3
-4
O~ uN M S OO~ M S OO~ N MmO SO~ N MM S O DM S O WU S O W
NN < TN O N0 0000 A NN S N WO N0 000 O A NN S ST N W
™ o ] AN NN NN NN NN
e tin/gold_n lead/copper_n === gold/silver_n
= tin/copper_n tin/silver_n tin/lead_n

Source: Developed by the authors.

Figure 8. Normalized ratios
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Table 4. Dickey-Fuller test critical values

Source: Developed by the authors.

Levels Critical values

o Vel ..73.:454812
S%level ...72.872203

10% level : —2.572525

Table 5. Ratios’ statistics
Source: Developed by the authors.
Asset 1 Asset 2 t-Statistic Probability

tin gold : ~2.953339 0.0408
lead copper -3.601765 0.0063
silver gold —2.326504 0.1644
tin copper —2.924349 : 0.0439
tin silver -3.968324 0.0019
tin lead —~4.026506 0.0015

» <«

So theinitial assumption about stationarity was confirmed for such ratios as “lead-copper”, “tin-silver” and “tin-gold”.
Let’s consider the results of applying mean reverting strategy for the chosen ratios. Figure 9 — Figure 11 present
graphs of normalized ratios and show the points where the deals were opened and closed. For each graph open
points are drawn as triangles, close points are shown as quadrangles. Points of different color correspond to
different strategies (when ratio is being bought or sold).

According to Figure 9 ratio “lead/copper” was sold and closed 11 times and was bought and closed 12 times. Total
number of successful deals equals 23. The maximum drawdown during analyzed period was 263% when selling
ratio and 289% for buying ratio. The maximum number of points between opening and closing deals was 19
(when ratio is being bought) and 37 (when ratio is being sold).

Figure 10 presents “tin/silver” ratio. The ratio was sold and closed 12 times and was bought and closed 10 times.
Total number of successful deals equals 24. The maximum drawdown during analyzed period was 184% when
selling ratio and 140% for buying ratio. The maximum number of points between opening and closing deals was
26 (buying ratio) and 12 (selling ratio).
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Figure 9. Ratio trading results — lead and copper
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Figure 10. Ratio trading results — tin and silver
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Figure 11. Ratio trading results — tin and gold

Ratio “tin/silver” was sold and closed 7 times and was bought and closed 8 times. One buying deal was not closed
during analyzed period. Total number of successful deals equals 15. The maximum drawdown during analyzed
period was 396% when selling ratio and 97% for buying ratio. The maximum number of points between opening
and closing deals was 23 (when the ratio was being bought) and 38 (when the ratio was being sold).

So, the last ratio has the highest indicator of drawdown and the lowest number of deals. “Lead/copper” has the
second position among all ratios. The best one is “tin/silver” ratio with the most suitable drawdown levels.

CONCLUSION

We have analyzed opportunities of applying investing and arbitrage trading strategies on metals futures market.

The proposed investing strategy is based on Markowitz model that allows to find the efficient frontier for a given
set of assets. There were formed two strategies. For the first one named “full” all assets were initially used as input
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variables. But as a result, such instruments as copper and zinc futures were not included into the optimal portfolio.
That is why the second strategy was built which had taken into account those outliers (“copper_zink” strategy).
The second strategy has appeared riskier, because it’s efficient frontier lies lower and to the left of the “full” strategy
frontier. The drawdown indicators also have shown the priority of the first strategy. Nevertheless, both strategies
can be applied on the real-life market. The final choice will depend on the investors risk acceptance level and the
desired return value. The obtained two basic models may be enhanced by the inclusion of additional restrictions
on the shares of its members. Moreover, the models should take into consideration the opportunity of not only
long but also short positions.

» o«

Arbitrage strategy was tested on three core pairs of metal futures - “lead-copper”, “tin-silver” and “tin-gold”. The
pairs were chosen from those ones for which the coeflicient of pair correlation for the analyzed period acceded 0.9
and which ratio passed the test for stationarity. The appropriate strategy imply that the normalized ratio should
be sold when its value is more than 0.5 and should be bought when its value is less than -0.5. Both types of deals
should be closed when the ratio achieves the level between -0.3 and 0.3. Three mentioned ratios were ranged and
“tin/silver” pair was detected as the best one.

The research has proved that there are the benefits of applying both investing and arbitrage strategies on the metal
futures market.

The future researches should take in account the following core points: include short positions into the investing
strategy within Markovitz model; test not only LME futures but also derivatives traded on other world exchanges;
test the opportunities of calendar spread arbitrage; test both strategies for other timeframes and different time
series frequencies; consider transaction costs in both strategies.
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