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Abstract: International trade occupies one of the key places in the system of economic relations, the development of various sectors
of the economy and society. This is achieved through the organization and functioning of various types and types of markets that
allow us to implement and maintain the necessary economic relations. This, ultimately, determines the feasibility of conducting
ongoing research aimed at analyzing trade trends in world markets. Such an analysis can be carried out both from the point of view
of the development of market relations in general, and taking into account the specifics of the functioning of individual market
segments. Among the many segments of the world market, we single out the base metals market. The base metal market is a part of
the commodity market where primary goods are traded. This makes this market special and attracts close attention. We consider the
statistical characteristics of futures for various types of non-precious metals; we present the dynamics of such quotes. To analyze
the mutual influence of individual quotes on futures, wavelet coherence estimates are used in the work. The paper presents a number
of graphs and diagrams that help to understand the logic of the study, the reliability of the results.
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1. INTRODUCTION

International trade is organized on the basis of the
exchange of goods and services between different countries
through exports and imports [1], [2]. At the heart of such an
exchange is the system of international commodity-money
relations, which is formed from the foreign trade of all
countries of the world [3], [4]. To implement such principles,
a whole system of markets is used, which form a single world
market [5]. In such markets, various goods and services are
traded, which is also reflected in various securities. It is these
papers that are the embodiment of the corresponding
commodity-money relations. You can track the movement that
occurs in individual market segments using the appropriate
tools (indices, futures market quotes). These tools have their
own dynamics over time. Therefore, the analysis of such tools
makes it possible to wunderstand the functioning and
development of individual market segments, the impact on the
economic development of various sectors of the economy.

Among the existing variety of individual segments of the
world market, one can single out the commodity market. A
characteristic feature of the commaodity market is the trade in
primary goods, not industrial goods [6], [7]. Thus, the
commodity market can be considered as the primary source of
functioning and development of the economy. This allows us
to say that the commodity market is the primary basis for the
functioning of the world market, the basis for the functioning
of the economy, and the development of society. This
determines the importance of considering both the dynamics
of the development of the commodity market as a whole and
its individual sectors.

The commodity market can also be divided into a number
of distinct segments. This is a segment where non-solid goods,
solid goods, and energy resources are circulating. In turn,
precious and non-precious metals can be distinguished among
solid goods. Trading in each market segment is reflected in the
change in the respective indices or futures quotes. Analysis of
changes in such parameters is the basis for understanding the
functioning of the relevant segment, its interaction with other
markets, the development of the economy as a whole or its
individual sectors, business entities. It should also be noted that
such an analysis helps to make the most effective investment
decisions. This, in turn, allows us to speak about the
importance of analyzing trade trends in world markets in terms
of organizing the corresponding financial flows.

To analyze and study the dynamics of certain market
identifiers, you can use different tools. Among such tools are
classical methods and approaches of statistical analysis, fuzzy
set theory, mathematical analysis, optimization and control
theory [8]-[12]. We can also use different methods and
approaches that are applied in other areas of research [13]-[20].
Then the presence of different tools for analysis allows you to
get new additional data, conduct new research and make the
most effective decisions.

An important point in the study of the dynamics of changes
in individual market identifiers (indices, quotes) is also the
analysis of mutual influences in a separate group of such
identifiers or for a certain market segment. Mutual analysis
allows you to identify hidden trends and factors in the
dynamics of changes in individual market identifiers, to better
understand the features of its functioning and development. It
is this direction that will determine the main goal of our work.
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2. RELATED WORKS

Analysis of trends in the development of the commaodity
market and its individual segments is the basis of research in
many works.

P. K. Narayanand S. S. Sharma in their study analyze time-
varying prices in commodity markets [21]. At the same time,
such an analysis concerns prices that are formed at the time of
the opening of trading for certain goods. This study is based on
the sliding window error correction method. At the same time,
the authors showed that the pricing of nine commodities is
determined by the spot market, while only six commodities are
priced by the futures market. Thus, the authors of the study
challenge the established idea of commodity markets,
according to which it is the futures market that dominates the
price determination process [21]. This is an important point in
determining the appropriate investment strategy, determining
the moment to enter a certain segment of the commodity
market.

A. N. Slobodianyk, N. P. Reznik and G. D. Abuselidze
analyze hedging methods and tools in the exchange
commodity market, where the Ukrainian market is considered
as such a market [22]. The paper, first of all, highlights the
main instruments of protection against price fluctuations in the
agricultural exchange market of corn and analyzes the use of
hedging to minimize risks [22]. Thus, this paper analyzes such
a segment of the commodity market as the market for non-solid
goods. The paper shows that the combined effect of
seasonality, fluctuations in production volumes, natural and
climatic conditions have a significant impact on the formation
of prices for agricultural products [22]. These factors also
increase the risks of price volatility for non-solid goods.
Therefore, the paper analyzes ways to use hedging to minimize
the corresponding risks.

B. Wilodarczyk and 1. Miciula conduct an empirical
analysis of the effectiveness of predicting the volatility of
commodity market returns using the example of gold and silver
[23]. Thus, the authors consider the dynamics of the price of
classic goods in the solid goods market. For such an analysis,
the authors examine the effect of long memory and the
asymmetry of the data series that are formed as a result of the
dynamics of the corresponding commodity prices. This
analysis included testing a wide range of linear and non-linear
GARCH-type models [23]. At the same time, the purpose of
this work was to study the relationship between rates of return
and volatility, and to choose the optimal model. The authors
showed that the FIAPARCH model turned out to be the best
for estimating VaR forecasts for long and short trading
positions [23]. At the same time, the FIAPARCH model
produced the fewest VaR violations (lowest model risk) for all
series, which means that it seems to be the most profitable
predictive model for gold and silver from the point of view of
financial institutions [23].

W. M. Ahmed explores the relationship between the stock
and commodity markets [24]. Such a study examines data on

the time frequency and interdependence of global equity and
commodity markets in terms of the first four moments of their
respective return distributions [24]. The author showed that the
structure of the joint movement of moments of the same order
of return on capital, gold and energy, as a rule, depends on both
time and frequency [24]. The paper also shows that the links
between cross skewness and cross kurtosis are more
pronounced in the short and medium term and, which is
especially noticeable, after global recessions [24]. This allows
you to determine the optimal moments of entry into the
relevant commodity markets.

E. J. A. Abakah, L. A. Gil-Alana and T. Tripathy consider
and analyze the stochastic structure of metal prices [25]. In
particular, the authors investigate the long-term memory
properties of the price series of two major precious metals
(gold and silver) and six non-precious metals (aluminum,
copper, lead, zinc, tin, and nickel) using a fractional integration
model under control for structural discontinuities and non-
linearities [25 ]. The authors also take into account structural
discontinuities and non-linearities. This is due to the fact that
all the studied series are subject to multiple breaks. Thus, it is
advisable to use other methods of analysis.

M. Naeem, A. K. Tiwari, S. Mubashra and M. Shahbaz
consider various issues related to modeling the volatility of
precious metals markets [26]. For these purposes, GARCH
models with mode switching are considered. Thus, the article
aims to test the existence of regime changes using MSGARCH
models when modeling the volatility of four precious metals:
gold, silver, palladium and platinum [26]. The results show that
the use of MSGARCH models can provide accurate value-at-
risk predictions and is therefore effective for portfolio
optimization, derivatives pricing, and risk management [26].
This is important when making investment decisions.

C. Ciner, B. Lucey, and L. Yarovaya explore spillovers,
integration, and causation in non-ferrous metals markets [27].
To this end, the authors consider the relationship in the world
markets for non-ferrous metals over a 22-year period. Various
econometric methods were used for this study. The paper noted
the high intensity of secondary effects, both profitability and
volatility in the markets that are being studied [27]. The data
obtained show that the behavior of non-ferrous metals is
similar to that of other traditional asset classes such as stocks
and bonds, which justifies the proposition that metals have
become an investment class [27]. This allows you to draw
informed conclusions when choosing investment decisions.

B. A. Wahab and A. O. Adewuyi in their study analyze the
main prices for metals [28]. Such an analysis involves the
study of structural gaps, non-linearity, stationarity and price
bubbles. At the same time, the authors explore the properties
of prices for such metals as gold, silver, platinum, palladium
and copper. The authors use daily and weekly datasets, as well
as two conventional unit root tests and two recent stationarity
tests (including a new one) that account for structural
discontinuities and non-linearity [28]. The paper shows that
metal prices demonstrate structural shifts and non-linearity
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during the period under study. This makes it easier to choose
when to enter the respective markets.

Thus, we can note the importance of analyzing data on
price dynamics in the solid goods market. Such an analysis
helps to justify the appropriate investment decisions and
choose the necessary time frame to enter such markets.

3. DATA FOR ANALYSIS AND THEIR STATISTICAL
CHARACTERISTICS

In this paper, we consider a group of non-precious metals
such as: copper, tin, lead, zinc and nickel. In particular, we
consider the dynamics of the values of futures contracts in the
period from 01.01.2021 to 15.10.2022 on a weekly average.
All data from investing.com.

It should also be noted that futures contracts for non-
precious metals are traded on different platforms. Among such
sites it should be noted: London Metal Exchange, Shanghai
Metal Exchange, Tokyo Commodity Exchange, New York
Mercantile Exchange. The dynamics of prices on such sites
differ from each other. This is due to the opening time of the
site, the specifics of the auction, the regional aspects of the
trading platform. To unify data for analysis and accounting for
the influence of the trading floor on price dynamics, we
consider all data from the London Metal Exchange. At the
same time, we consider the so-called streaming futures quotes.

On Fig. 1 shows the dynamics of prices for futures
contracts for copper.

We can observe the rapid growth of quotations for copper
on futures contracts. This growth is observed in the first third
of the study period. Then comes the relative stabilization of
prices with insignificant dynamics of fluctuations in such
prices. Further, we observe a sharp drop in prices with a slight
correction at the end of the studied period of time.

The dynamics of quotations for copper under futures
contracts is characterized by the following statistical
characteristics:

mean — 9170.247312;

median — 9427;

standard deviation — 863.1357318;
sample variance — 745003.2914;
kurtosis — -0.592679445;
skewness — -0.650525601

with confidence level — 95.0%.
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Figure 1: Dynamics of prices for futures contracts for copper

On Fig. 2 shows the dynamics of prices for futures
contracts for tin.
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Figure 2: Dynamics of prices for futures contracts for tin

Quotes of futures contracts for tin has a pronounced
maximum for the studied period of time (see Fig. 2). This
maximum falls at the end of the second third of the time period
that we are analyzing. At the same time, it should be noted that
the growth of quotations for futures contracts is more moderate
in comparison with a sharp drop in the corresponding
guotations. Also noteworthy are the slight fluctuations in the
prices of tin futures contracts, both during the growth of such
prices and during their decline.

The dynamics of quotations for tin under futures contracts
is characterized by the following statistical characteristics:

mean — 32245.03226;
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median — 33055;
standard deviation — 7498.766457;
sample variance — 56231498.38;
kurtosis — -1.139044762;
skewness — 0.061872213

with confidence level — 95.0%.

On Fig. 3 shows the dynamics of prices for futures
contracts for lead.
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Figure 3: Dynamics of prices for futures contracts for lead

We can talk about the growth of quotes for futures contracts
for lead for the first and second third of the period under study.
At the same time, there are significant fluctuations in lead
prices, when we can see several highs. The last third of the
analyzed period of time is characterized by a decrease in
quotations for futures contracts for lead. There are fluctuations
in lead prices here as well. However, such fluctuations are not
as sharp as for the previous time period (see Fig. 3).

The dynamics of quotations for lead under futures contracts
is characterized by the following statistical characteristics:

mean — 2174.790323;
median — 2187.5;
standard deviation — 159.5413147,
sample variance — 25453.4311;
kurtosis — -0.970272854;
skewness — -0.23725489

with confidence level — 95.0%.

On Fig. 4 shows the dynamics of prices for futures
contracts for zinc.
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Figure 4: Dynamics of prices for futures contracts for zinc

On Fig. 5 shows the dynamics of prices for futures
contracts for nickel.
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Figure 5: Dynamics of prices for futures contracts for nickel

The dynamics of quotations for futures contracts for zinc is
characterized by growth in the first two thirds of the study
period. This is somewhat similar to the dynamics of quotations
for futures contracts for tin (see Fig. 2). However, quotes for
zinc in the first two thirds have two pronounced highs. For the
first third, the growth of quotations for zinc is more moderate
than for the second third. Decrease in quotations for zinc is
characterized by sharp jumps in prices (see Fig. 4).

The dynamics of quotations for zinc under futures contracts
is characterized by the following statistical characteristics:

mean — 3259.682796;
median — 3128.5;
standard deviation — 427.1621522;
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sample variance —

182467.5043,;

kurtosis — 0.157412389;

skewness — 0.877730165
with confidence level — 95.0%.

The dynamics of quotations on futures contracts for nickel
also has a pronounced maximum. This maximum falls on the
second third of the time period that we are analyzing. At the
same time, at first we observe a moderate increase in nickel
prices, and then a sharp jump. The last third of the analyzed
period of time is characterized by falling quotes for nickel (see
Fig. 5).

The dynamics of quotations for nickel under futures
contracts is characterized by the following statistical
characteristics: mean — 21862.65591; median — 19979;
standard deviation — 5455.70891; sample variance -
29764759.71; kurtosis — 5.597205705; skewness —
2.06863485 with confidence level — 95.0%.

Thus, in general, we can talk about different dynamics of
quotations for futures contracts for different metals. At the
same time, a characteristic feature of such quotes is:

change in trends in quotes at the end of the second third of
the period under study;

growth of quotes in the first two thirds of the time period
that we are analyzing. Although the dynamics of such growth
for each metal differs from one another;

the decline in quotations is sharper than their growth. Here,
one can also note the different dynamics of such a decrease
depending on the type of metal.

All this indicates the need for a more detailed analysis of
the processes of metal trading, where the analysis of the mutual
dynamics of the corresponding quotations is especially
important.

4. ANALYSIS OF MUTUAL PRICE DYNAMICS FOR NON-
PRECIOUS METALS

Correlation analysis can be used to study the mutual price
dynamics. Such an analysis allows us to present a general
picture of the interaction of various quotes, which in this case
are represented by different time series.

The corresponding calculations show that the value of the
correlation coefficient is:

between the values of quotes on copper and tin — 0.82;
copper and lead - 0.79; copper and zinc - 0.47; copper and
nickel - 0.27;

between quotes on tin and lead — 0.84; tin and zinc, 0.71;
tin and nickel, 0.51;

between quotes on lead and zinc — 0.52; lead and nickel —
0.31;

between the quotes for zinc and nickel — 0.81.

We see that some data series have high mutual values of
correlation coefficients; some data series have insignificant
values of correlation coefficients. However, these values of the
correlation coefficients give only a general picture of the
dynamics that we are studying. Moreover, we cannot have
information about such a dependence on different time
horizons, which we consider as a whole.

To solve such a problem, it is advisable to use the
methodology of wavelet analysis [29]-[31]. One of the
methods of such a methodology is wavelet coherence, which
can be used to obtain appropriate estimates and conduct
additional analysis. In general, wavelet coherence makes it
possible to evaluate the mutual dynamics of different data
series on different time horizons from the general period that
we are studying [32]-[37].

On Fig. 6 shows estimates of the wavelet coherence
between quotes in the futures market on tin and lead.
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Figure 6: Estimates of the wavelet coherence between quotes
in the futures market on tin and lead

First of all, we note that the value of the correlation
coefficient between quotes in the futures market on tin and lead
is maximum. According to Fig. 6 we can also observe a large
interdependence between quotes in the futures market on tin
and lead. At the same time, the significance of such
interdependence increases in the last third of the time period
that we are analyzing.

This is consistent with the previous conclusion about a
sharp drop in metal prices in the last third of the time period
we are analyzing. Therefore, the same factors act on such a fall.

On Fig. 7 shows estimates of the wavelet coherence
between quotes in the futures market on copper and nickel.
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Wavelet coherence between quotes on copper and nickel
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Figure 7: Estimates of the wavelet coherence between quotes
in the futures market on copper and nickel

The value of the correlation coefficient for quotes between
copper and nickel is the lowest (see data above). But we can
note that in general we have significant estimates of wavelet
coherence for quotes between copper and nickel. This suggests
that the dynamics of quotations are affected by the same
factors, despite the fact that such dynamics in general may
differ from each other.

Let's consider a couple more estimates of wavelet
coherence for data where the value of the correlation
coefficient is at the average level.

For such an analysis, consider

the relationship of quotes between lead and zinc, where the
corresponding value of the correlation coefficient is 0.52;

between tin and nickel, where the corresponding value of
the correlation coefficient is 0.51.

On Fig. 8 shows estimates of the wavelet coherence
between quotes in the futures market on lead and zinc.

Here we can also note the significance of the estimates
between lead and zinc quotes. At the same time, this
significance is greatest for the last third of the period that we
are analyzing. This confirms our conclusions about the
influence of the same factors on the process of formation of
quotations in the metals market.
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Figure 8: Estimates of the wavelet coherence between quotes
in the futures market on lead and zinc

On Fig. 9 shows estimates of the wavelet coherence
between quotes in the futures market on tin and nickel.

Wavelet coherence between quotes on tin and nickel
64

o
©

<o
o

32

=)
=

<
>

0.4

Period (days)

o
w

o
B
Magnitude-Squared Coherence

o
N

o

0 10 20 30 40 5 60 70 80 90
Time (days)

Figure 9: Estimates of the wavelet coherence between quotes
in the futures market on tin and nickel

There is also a significant relationship between the
corresponding quotes for metals. Moreover, such a relationship
manifests itself in the first third of the time period that we are
analyzing. Thus, we can build various estimates of wavelet
coherence, which, in general, can help in choosing appropriate
investment strategies and determining the moment of entering
certain metal markets.

5. CONCLUSION

The paper considers the statistical aspects of the analysis of
existing trends in trade in the world markets for non-precious
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metals. For analysis, we consider quotes on the futures market
for such metals: copper, tin, lead, zinc and nickel.

We use descriptive statistics to study current trading trends
in the base metals markets. The paper presents the relevant
charts and statistical characteristics for quotes for various
metals.

We also look at the relationship between different metal
quotes. For this, we use wavelet coherence estimates. We come
to the conclusion about the influence of the same factors on the
process of forming quotes for different types of metals.
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