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Abstract: Security is one of the key concepts in the analysis of economic dynamics. Among the individual varieties of this concept,
food security stands out, the basis of which is agricultural products. This is due to the fact that products are the basis of life support
for the entire population, and, consequently, for the personnel of enterprises, firms, companies, and any economic entities. Various
data can be used to determine the level of food security. Among such data, the dynamics of prices for agricultural products should
be noted. This indicator reflects the significant supply and demand of any product. The change in prices is formed under the influence
of many factors, which is reflected in the corresponding values of the stock market. We are considering price changes for different
products. To do this, we use the classical methods of statistical analysis. All data are presented in the form of graphs. This allows
you to better understand the dynamics of commodity prices. To analyze the mutual influence of prices on agricultural products, we
use the wavelet methodology. This is presented in the paper in the form of wavelet coherence estimates, which are shown in the
diagrams. The results obtained help substantiate various strategies for achieving an acceptable level of security and conditions for

entering the securities market.
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1. INTRODUCTION

The state, like any business entity, operates in an
environment of various factors. Certain factors make it
possible to achieve the set goals, while other factors, on the
contrary, have a negative impact on the formation of control
actions to achieve the goals. Thus, we can talk about security
and the level of its provision both for the country as a whole
and for each enterprise, company, and firm [1], [2]. This,
ultimately, determines the relevance of this kind of work.

In general, from the point of view of the functioning of a
certain subject, it is possible to distinguish different levels of
security [3], [4]. Such a division is possible taking into account
the influence of individual factors, the possibility of fulfilling
the goals and objectives. You can also consider security in
areas of activity, the possibility of performing individual
functional tasks. Here, financial and industrial security, the
likelihood of a man-made disaster in the life of personnel, and
food security are singled out. Moreover, the last variety is the
most important, as it affects its other types, the life support of
the entire population.

For research and decision-making in relation to food
security, an important aspect is the study of the dynamics of
prices for agricultural products. These indicators can be
obtained from the data of the corresponding segment of the
stock market. Therefore, an important point in considering the
issue of food security is the study of such values and their
dynamics. This can be done through the use of different
methods and approaches [5]-[20].

It is also important to analyze the mutual influence of price
dynamics on products, which helps to understand the
possibility of their mutual replacement, both in kind and in
terms of financial compensation for lost opportunities. For this,
we can also use our research algorithms [21]-[24].

Thus, the main purpose of this work is to consider the
mutual dynamics of prices for agricultural products. To
achieve this goal, we will consider different types of goods,
changing the values of their prices over time. We will use the
classical methods of statistical analysis, as well as special
approaches to the study of dynamic patterns. This allows us to
speak about the practical orientation and significance of our
study.

2. RELATED WORKS

Before we consider the main purpose of this study, let's
take a look at the related work. It should be noted that there are
a lot of such works and they reveal the issue of analyzing
changes in prices for agricultural products in different ways.

S. Nazlioglu and U. Soytas study the dynamics of prices for
some agricultural products [25]. This comparison is made
against the backdrop of changes in oil prices. The study
focuses on emerging market economies. The authors
emphasize the direct relationship between oil prices and
agricultural products. This is revealed in the short and long
term. Various statistical dependencies are used for the analysis.
At the same time, the authors note the importance of mutual
analysis of different data; emphasize the variability of price
dynamics for different goods.
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The study [26] pays special attention to the analysis of the
links between energy prices and agricultural development. The
authors state that such a relationship is very sensitive to various
kinds of fluctuations. The importance of the influence of
energy in the production of agricultural products is also
emphasized. We can also talk about the need for cross-analysis
between different statistics related to agriculture, cultivation
and transportation of such products. For analysis, the authors
use classical methods of statistical analysis and inference.

In their new work, S. Nazlioglu and U. Soytas explore the
relationship between prices for agricultural products and oil in
relation to the dollar [27]. Such an assessment is given on the
basis of group cointegration, where it is important to analyze
the relevant relationships. At the same time, the authors study
the dynamic relationship between the selected parameters. To
do this, Granger methods are used to explain the cause-and-
effect relationships that occur. The work uses an extensive set
of empirical data for the period 1980-2010. This emphasizes
the significance of the analysis carried out by the authors.

The study [28] is devoted to the consideration of prices for
agricultural products in China. For these purposes, the authors
use the method of quantile regression. The authors use linear
quantiles. The analysis uses data from 2000 to 2010 on a
monthly basis. The authors also construct confidence intervals
within which the results are significant and reliable. The
developed approaches can be used to predict and substantiate
strategies for the development of agricultural production.

B. Czyzewski, A. Matuszczak and R. Miskiewicz explore
the relationship between the decline in prices for agricultural
products (PCS) and the growth in the welfare of the population
[29]. At the same time, attention is paid to the justification of
the common agricultural policy in the countries of the
European Union. It is also noted that the issue of PCS
education is one of the key issues in the development of such
a policy. Therefore, the authors consider the dynamics of the
constant elasticity of substitution and its influence on the
results obtained. The authors come to the conclusion that it is
necessary to use a policy of price flexibility for agricultural
products. This allows you to take into account various factors
and develop a common strategy for behavior in the market of
agricultural products.

R. Barichello analyzes the impact of COVID-19 on
agricultural trade [30]. To do this, the author examines the data
for Canada. The paper concludes that COVID-19 has a
negative impact on the formation of prices for goods, which
are determined by the functioning of agriculture. At the same
time, this influence manifests itself in two aspects: an increase
in prices for production and logistics, and a decrease in
consumer demand. Also an important factor of influence is the
political reaction of manufacturers and business partners.

F. Taghizadeh-Hesary, E. Rasoulinezhad and N. Yoshino
analyze the relationship between food and energy security
[31]. A manifestation of such a relationship is the price
dynamics of the relevant goods and products. At the same time,

price volatility is an important aspect of assessing such a
relationship. This study used the Panel-VAR model. Here we
consider data from eight Asian countries. The authors note a
significant impact of energy prices on food prices. The
importance of conducting a mutual analysis of price dynamics
is also emphasized. This allows you to better understand the
processes that occur and are described in the form of price
dynamics.

M. Yahya, A. Oglend and R. E. Dahl consider the
relationship between energy resources and food prices using
the wavelet ideology [32]. At the same time, short-term,
medium-term and long-term dependencies are investigated.
This approach allows us to conduct a better analysis, obtain
new results and provide an explanation for the phenomena that
we observe in the market.

The work [33] reveals the relationship between climate
change and food security. For these purposes, multi-model
estimates are used. The results and conclusions obtained vary
from the choice of model. However, all models show the
negative effects of climate change on food price dynamics.

Y. Bai, R. Alemu, S. A. Block D. Headey and W. A.
Masters explore food policy issues [34]. To do this, the authors
look at food cost data from 177 countries. The authors also take
into account the diet and its quality. The issues of the influence
of state policy on the formation of food security are also
considered.

Based on the analysis, some related studies, it should be
noted:

the problem of food price dynamics is in the focus of
attention of practitioners and theorists working in the field of
agriculture, security, market analysis;

various methods and theories can be used to study the data;

an important aspect is taking into account the mutual
dynamics of data on the prices of agricultural products, which
is the basis for the adoption of strategies, the development of
food policy in the field of security.

3. EMPIRICAL EVIDENCE FOR SELECTED AGRICULTURAL
PRODUCTS

First of all, it should be noted that we are considering a
group of agricultural products that is not related to animal
husbandry. This is a group of goods that can be attributed to
crop production. We consider such goods as: coffee, cocoa,
sugar, cotton and orange juice.

We are considering the period 01.10.2021-05.07.23. All
data from the site https://www.investing.com/. These data
reflect the performance of quotations in the US futures market.

On Fig. 1 — Fig. 5 shows the dynamics of prices for the
corresponding goods. Let's analyze this data.

We see that the coffee quote chart resembles a quadratic
function.
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Figure 1: Coffee quotes

In the period from 01.10.2021 to 02.06.2022, there is an
increase in coffee prices. Then there is a period of slight
decline in quotations for futures. From 08.28.2022 to
11.13.2022 there is a significant decrease in prices, then again
they increase.

Cocoa price dynamics differ from coffee price changes.
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Figure 2: Change in cocoa prices

From 01.10.2021 to 10.23.2022 we see a wave-like change
in cocoa prices. Since 10.30.22 there has been an increase in
cocoa futures. At the same time, such growth is accompanied
by a slight variability in price indicators. We also note that
cocoa prices are significantly higher than coffee prices.

The dynamics of sugar futures also has a wave-like
structure in a certain period of time. This can be noted for the
period from 01.10.2021-01.08.2023.
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Figure 3: Sugar price developments

Since 01.08.2023, there has been an increase in quotations
for sugar futures. At the same time, the wave-like presentation
of sugar prices is less pronounced than for cocoa. We can also
note less variability in the values of such indicators.

The dynamics of cotton prices also shows some agreement
with the quadratic function. But such a graph differs from the
data in Fig. 1.
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Figure 4: Cotton futures data

The dynamics of cotton prices has a clearly defined
maximum, which is located in the middle of the period under
study. This maximum falls on 06.05.2022. Starting from
09.18.2022, there is some stabilization in the quotations for
cotton futures.

Unlike other data, cotton futures do not have a pronounced
upward trend at the end of the study period. For other data, we
can see an increase in the prices of agricultural commodities.

The dynamics of prices for orange juice has a general
upward trend in the period from 01.10.2021 to 05.07.2023.
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Figure 5: Price change for orange juice

We can also note slight fluctuations in orange juice quotes
against the background of their constant growth in general.

We see that all considered quotations for futures for
individual agricultural commodities are different. Each price
change has its own unique dynamics. Cocoa prices have the
largest absolute values. The lowest prices are for sugar.

As shown earlier, it is also important to explore the mutual
dynamics in price changes. Therefore, we will consider this
issue in more detail below.

4, WAVELET COHERENCE ESTIMATES AS A TOOL FOR
ANALYZING MUTUAL DYNAMICS

Analysis of the mutual dynamics of data is one of the
approaches that allow you to uncover hidden trends and get
new results. For these purposes, you can use various tools,
where methods of correlation analysis are distinguished. At the
same time, wavelet coherence estimates are the most powerful
tool for such studies [35]-[37].

These estimates have found wide application in the study
of economic data, which can be represented in the form of time
series. The confirmation of the above is the set of works in this
direction [38]-[42].

Wavelet coherence estimates make it possible to consider
the mutual dynamics at different time horizons, taking into
account their depth. This can be the basis for developing a
strategy for trading in agricultural products, determining the
time to enter the appropriate segment of the stock market.

Below are some of the relationships between quotations for
agricultural products that were discussed earlier. These
estimates are shown in the form of charts, which indicate the
strongest and weakest relationships between the prices of the
respective agricultural products. For these purposes, a
numerical scale and its color interpretation were used.

The link between quotes for coffee and cotton is
characterized by a slight fragmentary degree of strength.

Wavelet coherence for coffee and cotton
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Figure 6: Relationship between coffee and cotton prices

In general, the price relationship for coffee and cotton is
weak.

The depth of links between coffee and cotton prices is more
significant. This allows us to talk about the possibility of
building long-term strategies to replace these goods in trade
transactions.

The ratio of price dynamics between cocoa and sugar is
more significant than in the previous example.
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Figure 7: Wavelet coherence between cocoa and sugar data

We see a discreet fragmentation in the strength of links
between cocoa and sugar futures quotes. The depth of
connections is significantly manifested up to 4 weeks. This
determines the depth of possible planning and development of
strategies for joint trade in cocoa and sugar.

The ratio of prices for orange juice and sugar and their
relationship is also determined by fragmentation. Moreover,
weak correlations between quotations for these agricultural
commodities prevail here.
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Figure 8: Wavelet coherence estimates for orange juice and
sugar

We also see that the strongest correlations between the
prices of orange juice and sugar appear in the period
12.12.2021-08.28.2022. This must be taken into account when
developing strategies for entering the market, determining the
group of goods for such an exit and the possibility of
substituting goods one for another.

The dynamics of links between coffee and cocoa quotes is
most pronounced in the period from 05.01.2022 to 05.07.2023.
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Figure 9: Relationship between coffee and cocoa prices

In this period, we also observe the depth of relationships in
coffee and cocoa quotes. Most likely, other factors influenced
this dynamics, which must be taken into account when
developing a pricing policy and a strategy for state support in
the field of agricultural production.

As in the previous case, the relationship between the prices
of cotton and orange juice is most significant in a certain
period: from 11.07.2021 to 05.07.2023.
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Figure 10: Wavelet coherence between cotton and orange
juice prices

However, the relationship presented is fragmentary. In
general, such a relationship is insignificant.

The analysis presented above showed the presence of
similar trends in the relationship between quotations on futures
for a number of agricultural commodities. These trends are
characterized by fragmentation of the strongest periods of the
relationship between commodity prices, a more significant
depth of such relationships and a certain period when such
relationships are most pronounced.

5. CONCLUSION

The paper noted the importance of analyzing data related
to the production of agricultural goods. The significance of
such a study is determined by the need to achieve an acceptable
level of food security.

The analysis of literary sources helped to determine the
main directions in the study of the dynamics of prices for
agricultural products. To explore these data, we use the classic
descriptive statistics approach for the data, which is presented
in the form of graphs. This helps reveal major trends in futures
prices for coffee, cocoa, sugar, cotton and orange juice.

To study the mutual dynamics of prices for certain types of
agricultural products, we use estimates of wavelet coherence.
This approach helps to determine the moment of entry into the
market, the possibility of substitution of goods, the
development of pricing strategies and government support
measures.
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